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Section 1 

Introduction 

In October of 1976, Bechtel Corporation was awarded a contract by ERDA 

(Division of Geothermal Energy) t o  determine the technical and economic 

feasibi l i ty  of using low temperature geothermal brine i n  place of steam 

from conventional sources for  industrial multi-effect evaporation and crys- 

t a l l i z a t i o n .  

and-bleed concept will be incorporated i n  the evaporation and crystallization 

processes t o  use the geothermal energy most effectively. 

A key aspect o f  the study i s  t h a t  Bechtel's multiflash feed- 

This document i s  the second quarterly report outlining work performed on 

this  contract during the period of January through March 1977. This report 

discusses: 

0 

0 

0 

0 

e 

Each of  the three candidate industries, and how they 

were chosen. 

Other industries t h a t  might use geothermal brine in 

their  evaporati on/crystal 1 i z a t i o n  operations. 

Contacts made with people in these industries, and with 

manufacturers of  evaporators and crystall izers.  

Modifications made i n  the 

balance computer program. 

Work being done on well/p 

information available for 

1-1 

evaporator heat and material 

peline economics and the 

this analysis. 



Preliminary conclusions a r e  discussed, and an ou t l ine  of work t o  be per- 

formed during the next quar te r  i s  g iven .  

1.1 Summary o f  Second Quar te r  Work 

The actual  work performed during January through March i s  summarized i n  

Subsections 1.1.7 through 1.1.5, and discussed i n  de t a i l  i n  Section 2. 

1.1.1 Select ion of Candidate Indus t r ies  

A number o f  i ndus t r i e s  use multiple effect evaporation o r  c r y s t a l l i z a t i o n  

i n  some phase of their operations.  

a reas  of known or potential  geothermal sources (See Figures 1-1 and 1-2 for 

maps showing "prospecti vel' geothermal resource areas).  

i ndus t r i e s ,  three have been se lec ted  ds the "candidate indus t r ies"  f o r  this 

Some of these a r e  located i n  o r  near 

From among these 

report :  

Preserved Fruits and Vegetables, (SIC industry group 203). 

Evaporator users i n  t h i s  i n d u s t r y  i n c l u d e  f rui t  and vege- 

t a b l e  juice concentrators.  

tomato paste  production. 

Example case f o r  this study: 

Sugar and Confectionary Products , (SIC industry group 206). 

In this industry,  both beet sugar and cane sugar producers 

use mu1 t i p l e  effect evaporation. Example case: beet-sugar 

production. 
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0 Chemicals, (SIC industry group 28).  This broad category 

includes such users of  mu1 t ip le  effect  evaporation/crystal- 

l i t a t ion  as inorganic sa l t s  producers and chlorine-caustic 

manufacturers. Example case: sodium chloride product ion.  

Detailed studies of each of the candidate industries are i n  progress t o  deter- 

mine the feasibi l i ty  of using low temperature geothermal brine in their  multi- 

effect  evaporation/crystallization operations. 

done t o  identify other industries t h a t  are potential users of low temperature 

geothermal brine for evaporation/crystallization. 

In addition, work is  being 

1.1 .2 Process F1 ow Diagrams 

Work i s  i n  progress on the process flow diagrams for the candidate industries. 

Flow diagrams are being prepared for conventional plants, existing plants 

retrofit ted for geothermal brine use, and new plants designed t o  use geo- 

thermal brine. 

being prepared u s i n g  a modified version of t h e  evapora tor  computer program 

Corresponding heat and material balances for these cases are 

developed f o r  this  study. 

1.1.3 Industry Contact 

I n  order t o  obtain the information necessary t o  evaluate the candidate indus- 

t r i e s ,  as well as to  get the reaction of people working in these areas, sev- 

eral plant t r ips  and meetings were arranged. 

concentration plant and a Spreckels beet-sugar factory were toured. 

ions were held with the Director of Engineering of each of these two compan- 

A Tri/Valley Growers tomato paste 

Discuss- 
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ies, the plant manager of the Spreckels p l a n t ,  and manufacturers of evapor- 

ator and crystall izer equipment. 

1.1.4 Data Collection 

In addition t o  that  obtained from industry contact, important data was 

gathered from a variety of sources. 

industry energy requirements for  concentration(55) , s a l t  manufacturing, 

well pipeline costs ( 4 8 y  49, 5 0 9  51) ,  and potential geothermal source locat- 

ti on^(^^). 

geothermal use by the candidate industries is  now nearly complete 

Good information was collected on food 
(46, 53) 

Y 

Collection of data necessary t o  evaluate the feasibil ty  of 

1.1.5 Well/Pipeline Economics 

Preliminary economic analyses have been started. 

analyses i s  being developed so that the effect  of the significant parameters 

(stream factor,  brine flow, pipeline length, etc.) on geothermal steam cost 

can be easily shown. 

A standard format for  these 

. 1.2 

Pre 

Prel iminary Conclusions 

iminary conclusions drawn from the work performed d u r i n g  January thFough 

March 1977 are discussed i n  Subsections 1.2.1 through 1.2.4. 

1.2.1 Industry Acceptance 

Based on discussions w i t h  industry representatives, reaction t o  the 

m e n t  of fossil  fuel generated process steam by steam from geotherma 

rep1 ace- 

brine 

1-6 



has been generally enthusiastic. 

energy problems i n  th is  country, and are making efforts t o  ensure that their  

own energy needs are satisfied.  Already, i n  anticipation of interruptions 

i n  natural gas supplies, plant boilers are being converted t o  oi l  use. 

Admittedly, this i s  a stop-gap measure of which these industries are aware. 

However, individually, these organizations lack the technical and economic 

resources t o  develop new energy sources. Hence, the interest  in a cooper- 

ative development o f  geothermal brine systems. A number of people i n  the 

industries that were contacted expressed a willingness t o  participate, t o  

some degree, i n  programs that would further develop industrial geothermal 

use. 

geothermal systems. 

thermal systems are favorable, i t  i s  likely t h a t  industry acceptance will 

follow. 

These industries, of course, know o f  the 

There i s  some concern, though,  about the economics and re l iab i l i ty  of 

If i t  i s  proven t h a t  the cost and dependability of  geo- 

1.2.2 Plant Operating Factor 

The  p l an t  ope ra t ing  f a c t o r  - t h e  f r a c t i o n  o f  t h e  y e a r  t h a t  a p l a n t  is "on- 

stream" and producing a product, has a significant effect  on the economics 

of geothermal brine use for  that p l a n t .  

have lower than normal (85%+) operating factors. Tomato paste concentration 

plants, for  example, normally operate less than four  months  per year. T h u s ,  

for the same geothermal brine flows, the cost of geothermal steam for a p l a n t  

Several o f  the industries investigated 

of  33% would be almost 2% times as great as f o r  an w i t h  an operating factor 

identical plant having a 

geothermal resource i n  p 

concept m i g h t  have t o  be 

stream factor of 85%. 

ants w i t h  low operating factors, an " indus t r ia l  park" 

considered. 

To more efficiently use the 

W i t h  a number of  users, the cost of the 
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brine could be shared so that the plant that operates seasonally would n o t  

be as heavily penalized. 

concept. 

would have t o  agree t o  build their  plants together a t  a location potentially 

There are, however, some disadvantages t o  this  

A major drawback i s  t h a t  a number of possibly diverse industries 

removed from the traditional s i tes  for these industries. 

1.2.3 Pipeline Length 

Pipe1 ine length is  another factor that significantly affects the economics 

of using geothermal brine. 

from geothermal brine based on a IO mile pipeline system is from 50-300% 

higher than for a comparable system of one mile length. 

Preliminary figures show t h a t  the cost of steam 

I t  may not be 

economical t o  transport the brine over any other than limited distances. 

I n  which case, a better definition of the location of geothermal resources 

is  needed t o  accurately assess the potential use of geothermal energy by 

existing and future plants. 

1.2.4 Additional Applications 

In addition t o  the candidate industries chosen t o  be evaluated for th i s  study, 

there are other promising areas o f  geothermal application. 

A potential area of application - the P u l p  and Paper indus t ry ,  i s  a large 

user of energy for  evaporation of black liquor and has many f ac i l i t i e s  i n  

the Western United States. 

The second promising area i s  a broad one - waste concentration. 

the concentration of aqueous wastes for recovery, reuse, o r  disposal. 

T h i s  includes 

For 
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Ges example: 

product  metals, concentration of alumina spent l i q u o r  f o r  reuse, and concen- 

tration of power p’lant cooling tower blowdown for disposal. 

concentration of meta’ls refining wastes to recover valuable by- 

A t h i r d  potential area of application o f  geothermal brine for evaporation 

is  the dairy industry. 

m i l k  and cheese whey products. 

Here, evaporation i s  used for the production of dry 
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Section 2 

Discussion of Second Quarter Work 

This section gives a detailed account of the second quarter work summarized 

in Section 1. 

2.1 Selection of the Candidate Industries 

The Preserved Fruit and Vegetable, Sugar and Confectionary, and the Chemicals 

Industries were selected as the "candidate industries" based on the following 

criteria: 

1. 

2. 

3 .  

4. 

5. 

6. 

Is a significant user of energy in general, and in particular 

for its evaporation/crystallization operations. 

Uses steam at 3OO0F or less in its evaporators/crystallizers. 

Is presently near or can be located near geothermal resources. 

Taken together, the three selected candidates demonstrate the 

broad range o f  evaporation/crystallization conditions prevalent 

in industry. 

There is a significant incentive to change to geothermal use. 

Their process is such that geothermal brine systems can easily 

be integrated into it. 

From within each candidate 

of conditions to be found 

industry group. 

industry, an example process was chosen as typical 

n other users of evaporation/crystallization in the 
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The requirements for selection as  a candidate industry, along w i t h  the 

example cases for  each, are discussed i n  the following sections 2.2 through 

2.4. 

2.2 Preserved F r u i t  and Vegetable Industry 

Tomato paste concentration was chosen as an example case for this industry 

w h i c h  includes vegetable and fruit juice concentration as users of multiple 

effect  evaporation. 

2.2.1 Tomato Paste Industry 

Over 90% of the tomatoes produced in the Western United States are grown 

and processed i n  California. 

are used for paste production i n  the U. S. 

i n  the Sacramento and San Joaquin Valleys of California. 

ation step alone, 1.89 x 10l2 BTU/yr (400,000, BBL oil /yr  equiv.) of energy 

are required to  produce the tomato paste (349 55). Natural gas and/or o i l  

i s  used almost exclusively to  produce the low pressure steam required for 

paste production. 

produce tomato paste is given i n  Table 2-1. 

About 5 b i l l i o n  pounds of tomatoes per year 

The b u l k  of this i s  processed 

For the evapor- 

A l i s t ing  of the companies i n  the Western U .  S. that  

2.2.2 Plant Visit 

In February, a vis i t  was made t o  Tri/Valley Growers’ tomato paste plant 

a t  Volta near Los Banos, California.  The vis i t  was made t o  get a f i rs t  

hand look a t  tomato paste evaporation operations so that the feasibi l i ty  
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Table 2-1 

Western U.S. Tomato Paste Producers (19) 

Fi  rm Factory Location 

Cal i fornia  Canners & Growers 

Con tadina Foods 
r? 

Del Monte Corporation 

Gilroy, Cal i forn ia  
San Jose, Cal i forni  a 
Stockton, Cal i fornia  
Sunnyvale, Cal i fornia  
Thornton,  Cal i forn ia  

San Jose,  Cal i fornia  
Wood1 and, Cal i forni  a 
Riverbank, Cal i forn i  a 
Hol 1 ister, Cal i forni a 
Hanford, Cal i forn ia  

Modesto, California 
Stockton, Cal i forn ia  

Gangi Brothers Packing Company 

Heinz U.S.A. 

Hickmott Foods Inc. Antioch, Cal i fornia  

Santa C1 a ra ,  Cal i fornia 

Tracy, Cal i forni  a @ 

Hunt-Wesson Foods, Inc. Davis, Califormia 
Oakdal e, Cal i fornia  
Mayward, Cal i forn i  a 

Joan of Arc Company Turlock, Cal i fornia  

Kern Foods, Inc. City of  Industry,  Cal i f o r n i a  

Libby, McNeill & Libby Sacramento, Cal i forn ia  

NCC Food Corporation 

Pac i f i c  Coast Producers 

San Jose, Cal i forni  a 
Holl ister, Cal i fornia  

Lodi , Cal i forni a 
Orovi 1 1 e, Cal i forn i a 

Ragu Foods Inc. Merced, Cal i fornia  

Sacramento Foods Division Sacramento, Cal i forni  a 

S tan is laus  Foods Products Company Modesto, Cal i fornia  
6d 
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Fi rm - 
Sun Garden Packing Company 

Ti l le  Lewis Foods, Inc. 

Table 2-1 (continued) 

Tri/Vall ey Growers 

Valley Tomato Products, Inc. 

2-4 

Factory Location 

San Jose, Cal i fornia  

Stockton, Cal i forn i  a ( 2 )  
Modesto, Cal i forn ia  
Antioch, Cal i fornia  

Modesto, Cal i forn i  a ( 2 )  
Stockton, Cal i forn ia  
Los Banos , Cal i forn i  a 

Stockton, Cal i fornia  



of u s i n g  low temperature geothermal brine in this  industry could be 

real is t ical ly  determined. 

Harold Griffith, TrilValley's Director of Engineering, from whom much 

useful information was gathered. 

During the v i s i t ,  discussions were held with 

Tri/Valley's Volta plant began operations in-1973. 

convert up t o  200 tons/hr of tomatoes i n t o  a 300% solids tomato paste. 

plant i s  operated only during the 70-day/year harvest season. 

I t  has the capacity t o  

The 

The fac i l i ty  cost $10 million. 

steam generators, $2 mil 1 ion for the mu1 tiple-effect evaporation system, 

and $250,000 for  a five-mile gas supply pipeline. A good description o f  

th i s  plant i s  given in the a r t ic le  "Astute Engineering Designs, The New 

O f  that ,  about  $1 million was spent fo r  

Generation Plant 11 ( 31) . 

2.2.3 Tomato Paste Process 

Tomatoes a r e  p r o c e s s e d  a t  t h e  Vo l ta  p l a n t  u s i n g  a sequence  o f  o p e r a t i o n s  

that are typical of  most tomato paste f ac i l i t i e s  (refer to  Figure  2-1):  

1 .  Washing t o  remove d i r t ,  etc. 

2. Chopping t o  reduce size. 

3. "Hot breaking" o r  cooking fo r  brief time a t  210°F t o  deactivate 

enzymes and separate the skins. 

Scalping, pulping, and finishing t o  remove skins, seeds, etc. 

Interim storage t o  provide operating f lexibi l i ty .  

4. 

5. 
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6. Multiple effect  evaporation t o  concentrate from 5 t o  30 w t %  

solids. 

Heating t o  21OoF by direct steam injection t o  s te r i l i ze  the 

product . 
Cooling t o  8OoF in vacuum coolers before f i l l i ng  55-gallon 

drums w i t h  the tomato paste product. 

7. 

8. 

Process steam fo r  the plant i s  supplied by two 125,000 lb/hr boilers. 

Each boiler i s  rated a t  150# pressure and can produce steam a t  365OF. 

The boilers were originally designed t o  use natural gas as fuel,  b u t  

have recently been modified t o  use oil  a s  well. Most of the process 

steam i s  used i n  the hot break units (44%) and, af ter  driving turbine 

evaporator-circulation pumps, - in the mu1 t iple  effect evaporator system 

(43%).  

The hot break units are simply a number of vessels w i t h  internal coils 

for heating the tomato pulp. 

a t  365OF, a1 t h o u g h ,  w i t h  increased heat transfer surfaces, lower temper- 

ature steam could be used. 

Steam i s  supplied directly from the boilers 

The multiple-effect evaporator system consists of three 60 t o n / h r  parallel 

trains. Each t r a i n  i s  made up of three Rossi-Catelli forced-circulation 

evaporators t o  give a three effect system. 

i s  fed t o  the f i r s t  effect  a t  about  20OoF. 

t o  7 w t %  solids a t  approximately 2100F. 

t o  the t h i r d  effect  where i t s  concentration i s  increased t o  13 w t %  before 

Tomato pulp a t  5 w t %  solids 

Here, the pulp i s  concentrated 

The product i s  then discharged 
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being pumped, finally,  t o  the second effect  body. 

i s  discharged from the second effect  a t  30 w t %  and'1600F for f i n a l  s t e r i -  

lization and drum f i l l ing.  The tomato pulp i s  routed from f i rs t  t o  t h i r d  

t o  second effect  t o  counter problems of high viscosity and low heat transfer 

coefficients a t  increasing paste solids concentrations. 

steam t o  product temperature differential i s  maintained i n  the f i r s t  effect ,  

while the pulp temperature i s  1 imited t o  a maximum of 21OoF t o  prevent 

"burning" of the pulp. Condensate from the f i r s t  and second effects i s  

collected, flashed ( t o  provide additional heat t o  respective downstream 

ef fec t ) ,  and returned t o  the boilers. 

almost entirely of 316 stainless s teel ,  as i s  most of the other process 

equipment i n  the plant. 

Product tomato p u l p  6iJ 

Ideally, a 25OF 

The evaporator system i s  constructed 

After being concentrated t o  30%, the tomato paste i s  quickly heated t o  

210°F by direct 365OF steam injection. 

t h o u g h  wasteful of steam, is  simple and inexpensive. 

would employ a scraped surface heat:exchanger fur the waste heating. 

this  way, condensate could be collected and recycled t o  the boiler f o r  

greater heat economy. 

This method of s ter i l izat ion,  

An alternate method 

In 

2.2.4 Tomato Paste Production Using Geothermal Brine 

During the second quarter, an evaluation was started of a typical tomato 

paste plant using geothermal brine as i t s  sole source of steam. 
I 

Process flow diagrams were prepared for 200 ton/hr re t rof i t  and new paste 

plants using geothermal brine, as well as for the base case conventional 
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p l a n t  using steam generated from fossil fueled boilers. These diagrams 

will be used t o  p o i n t  o u t  the differences between the conventional, retro- 

f i t ,  and new plant cases. 

Using the modified version of the evaporator computer program, complete 

heat and material balances were prepared fo r  each of the cases. 

re t rof i t  and new plant cases, a total brine requirement was calculated 

using brines of varying temperatures (see Figure 2-2). These brine flows 

are sufficient t o  supply a l l  the plant's steam requirements (evaporators, 

hot breaks, s te r i l i zers ,  e tc . ) .  

For the 

2 . 2 . 5  Industry Discussions 

Harold Griffi t h  o f  Tri/Valley Growers was enthusiastic about the possibil i t ies 

of using geothermal brine for tomato pulp concentration. 

need for,  and Tri/Valley's interest i n ,  new sources of energy. 

being very concerned about the possible future interruptions i n  their  

natural gas supply, has started modifying their boilers to  burn o i l .  A s  

this may be only a short term s o l u t i o n ,  other forms o f  energy, a s  well as  

energy conservation programs, are being investigated. 

He stressed the 

Tri/Valley, 

Viewing the future of the tomato paste industry, and the prospects for  

future plants i n  geothermal resource areas, Harold feels that there will be 

a need for new tomato paste plants. 

has been increasing a t  about 8%/year. 

future f ac i l i t i e s  are as follows: 

The demand for tomato paste products 

His c r i te r ia  for the location of 
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Located i n  Cal i forn ia .  Over 90% of the tomatoes i n  the 

Western states are grown and processed i n  California. 

Inexpensive land.  

be used t o  upgrade the soil around the plant for future a g r i -  

cultural use. 

75% of the tomatoes used i n  the fac i l i ty  should come from no 

further than 150 miles. This i s  t o  hold down transportation 

costs and reduce spoilage i n  transit .  

Readily available u t i l i t i e s .  

ton of tomatoes is  required. 

Readily available p a r t  and full time labor. 

Tomato waste products and waste water would 

400 - 800 gallons of water per 

A different approach t o  tomato handl ing  called "field cutting" has been 

considered by tomato processors. 

and sliced i n  the field. 

o v e r -  longer distances t o  the paste plant. The disadvantage i s  t h a t  the 

enzymes in the tomatoes, which a t  temperatures between 100 and 14OoF are 

active and eventually destroy the pectin i n  the f ru i t ,  would have t o  either 

be killed by heating ("hot  breaking") before transporting, or  deactiviated 

by shipping i n  refrigerated trucks. I f  "field cutting" was adopted, paste 

plants could be located further from sources of tomatoes. 

In this  scheme, the tomatoes are picked 

The resulting slurry can then be transported 

Harold could foresee no major process problems i n  us ing  geothermal brine 

for  tomato paste concentration. 

brine could be used t o  wash the incoming whole tomatoes (much water is  used 

However, when asked i f  some of the spent 

2-1 1 



i n  this s tep) ,  he replied that  i t  would depend on the pH of  the brine. drs 
High  pH brine could tend to  increase the tomato pH above i t s  normal 4.5, 

where bacteria growth is  promoted. 

According t o  Mr. Griffith, Tri/Valley would be w i l l i n g  to  consider parti- 

cipation i n  a future geothermal industrial demonstration fac i l i ty .  

Discussions were also held w i t h  various manufacturers of equipment for the 

Fruit and Vegetable industry. Among these were H.  Sussman of  APV and 

Allen Dal Porto of Fran Rica ( d i s t r i b u t o r  o f  Rossi-Catelli evaporators). 

They were able t o  give us valuable information on this industry. 

2.2.6 Remaining Work 

Remaining work on the evaluation of the Preserved F r u i t  and Vegetable 

Industry is summarized as follows: 

0 Final "polishing" of the process flow diagrams. 

0 Siz ing  of the equipment needed to  adapt a tomato paste 

plant for  geothermal use. 

Estimation of the cost o f  this equipment. 0 

0 Economic evaluation of the castes s tudied,  including the required 

geothermal we1 1 /pipel ine systems to  arrive a t  the cost of 

steam for each case. 

0 Economic impact of geothermal brine use on this indus t ry .  
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- . . . . . . -. . . . . . . . . . . . . . 

2.3 Sugar and Confectionary Products Industry 

Beet-sugar solution concentration (for  the production of beet-sugar) was 

chosen as  the example case for this industry which  includes both beet and 

cane sugar solution concentration as  users of multi-effect evaporation. 

2.3.1 Beet-Sugar Industry 

The  beet-sugar industry converts approximately 26 million tons per year 

(1971) o f  raw sugar beets into various sugar products. Roughly 70% of 

these beets are processed i n  39 beet-sugar factories located i n  the Western 

United States(lO). 

BTU's of energy, o f  which  about 12.5 x 10l2 BTU (15%) were used for multi- 

effect evaporator operations (343 55). T h u s ,  i n  the Western United States, 

about 70% or 8.75 x 10l2 BTU (1,800,000 BBL o i l /yr  equivalent) i s  used for 

evaporation. Natural gas (60%) and coal (38%) are used by the beet-sugar 

industry t o  produce the steam required for beet-sugar production. 

o f  the companies that produce beet-sugar i n  the Western United States i s  

given i n  Table 2-2. 

In 1971, the industry consumed a total of 83.3 x 10l2 

A l i s t ing  

2.3.2 Plant Visit 

In February, a visit was made t o  the Spreckels Woodland, California beet- 

sugar factory. After an extensive tour of the fac i l i ty ,  discussions were 

held w i t h  Martin Quinlan, the plant manager, who answered our questions about 

beet-sugar processing and the beet-sugar industry. 
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Table 2-2 

Western U.S. Beet-Sugar Producers (1 0) 

F i  r m  Factory Locat ion 

Amalgamated Sugar Company 

American Crysta l  Sugar Company 

Great Western Sugar Company 

Hol l y  Sugar Corporation 

Spreckel s Sugar Company , 
Div i s ion  Amstar Corporation 

Utah-Idaho Sugar Company 

Union Sugar Division; 
Consol ida ted  Foods Corporation 

Lewiston , Utah 
Paul , Idaho 
Twin Fa l l s ,  Idaho 
Nampa, Idaho 
Nyssa, Oregon I 

Clarksburg, C a l i f o r n i a  
Rocky Ford, Colorado 

Lovel and , Colorado 
Greel ey , Col orado 
Eaton , Colorado 
Longmont , Colorado 
S te r l i ng ,  Colorado 
Fo r t  Morgan , Colorado 
B i  11 i ngs , Montana 
Lovel 1 , Wyoming 
Brighton, Colorado. 
Ovid , Colorado 

Hamilton City, C a l i f o r n i a  
Santa Ana , Cal i f o r n i a  
Worl and , Wyoming 
Tracy , Cal i f o r n i a  
.Delta, Colorado 
Sidney, Montana 
Tor r ing ton  , Wyoming 
Hardi n , Montana 
Brawley, C a l i f o r n i a  

Spreckel s , Cal i f o r n i  a 
Manteca , Cal i forn i  a 
Woodland, C a l i f o r n i a  
Mendota , Cal i f o r n i  a 
Chandler , Arizona 

Gar1 and , Utah 
Idaho Fa l l s ,  Idaho 
West Jordan, Utah 
Toppenish, Washington 
Moses Lake, Washington 

Bet te rav i  a , Cal i f o r n i a  
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The Spreckels Woodland factory was p u t  into operation i n  1937. As such, 

i t  i s  one of the more modern of  beet sugar factories. I t  has a daily 

capacity of 3,600 tons  of raw sugar beets, and employs about 350 people. 

Beets used in this plant come from as f a r  away as Oregon and the Imperial 

Valley, as  well a s  from local sources. The beets, once harvested, do not 

keep well; t h u s ,  the factory i s  operated seasonally. 

can cover a good portion of the year (anywhere from six months up t o  as 

much as eleven months in some years). 

In California this 

2.3.3 Beet-Sugar Process 

The process used a t  the Woodland factory i s  typical o f  most beet-sugar oper- 

ations, and i s  similar t o  that shown in the flow diagram (Figure 2-3), except 

that the Steffen process for further recovery of sugar from molasses i s  

used. , Nearly every chemical engineering unit operation i s  used in convert- 

ing sugar beets (8-16 w t X  sugar) t o  pure refined sugar. 

Sugar beet refining requires large amounts o f  steam (7,500 7bs o f  steam per 

ton of beets). 

steam requirement. 

The Woodland factory uses three-300# boilers t o  meet their  

Before being used for process heating, virtually a l l  of  

the steam is used t o  drive seven turbines. 

erators, which supply two-thirds of the factory's e lectr ic  power requirement. 

The other turbines drive various large pumps and compressors. 

exhaust steam from these turbines is  used i n  the f i r s t  effect  of their  multiple- 

effect  evaporator system, while the remainder i s  used directly for process 

heating, such as in some of the evaporator feed preheaters. 

Two o f  the turbines drive gen- 

Most of the 
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of the fuel requirement i n  a typical beet-sugar factory is for pulp 

drying. 

2 . 3 . 4  Beet-Sugar Production Using Geothermal Brine 

As part of the evaluation t o  determine the feasibi l i ty  of using geothermal 

brine t o  supply steam for a beet-sugar factory, process flow diagrams were 

started this  quarter. 

sugar plants designed t o  use geothermal brine for their  entire steam require- 

ments, as well as the base case conventional factory us ing  steam generated in 

fossil fueled boilers. From these diagrams, differences between the three 

schemes will be seen. 

These flow diagrams represent re t rof i t  and new beet- 

Heat and material balances were started using industry data for the conven- 

tional plant case, and the evaporator computer program for the re t rof i t  and 

optimized new plants. 

2.3.5 Industry Discussions 

Beet-sugar industry contact consisted mainly of discussions with officials 

of Spreckels Sugar. 

Temple Rowe (Director of Engineering), R. A. McGinnis (Retired, Editor of 

the comprehensive beet-sugar reference - "Beet-Sugar Techno1 ogy" ) , and 

Fred Ballou (Retired Vice President). 

These include Martin Quinlan (Woodland Plant Manager), 

After our t o u r  of the Woodland factory, we discussed, w i t h  Martin Quinlan, 

the possibil i t ies of using geothermal brine in the beet-sugar industry. 

was quite receptive t o  the idea. 

c3 He 

Beet-sugar production i s  energy 
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intensive (480,000 BTU/lOO.lb.  sugar), and like others, the industry i s  

being threatened w i t h  increasing fuel prices and fuel availabil i ty problems. 

They would, of course, welcome an inexpensive source of heat. Mr. Q u i n l a n  

gave us wha t  he considered i s  the c r i te r ia  for  locating any future beet 

sugar factory : 

0 Reasonable land cost 
I 

0 Available labor 

0 

0 Reliable source of power and steam. Reliability 

Reliable water supply (2,000 gpm/4,000 T/D factory). 

i s  important since the p l a n t  i s  very d i f f icu l t  

t o  shutdown o r  s tar tup.  

0 Access t o  raw materials (beets) i s  a fac tor ,  

b u t  freight costs, within reason, are of minor 

importance. 

A new 4,000 T/D beet-sugar p l a n t  would cost i'n the neighborhood of $50-60 

m i  11 i on .  

Temple Rowe, i n  our discussions w i t h  h i m ,  was also generally enthusiastic 

about the possibil i t ies of geothermal use. 

points of the discussion are given, in brief,  as  follows: 

Some of the more pertinent 

General 

0 Some factories potentially could operate up  t o  300 

days/year by using beets grown in distant areas. 

However, increased transportation costs would 
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have t o  be offset by lower operating costs t o  make 

this  economical. 

0 Transportation charges (by r a i l )  range from $5-10/ 

ton  beets. 

0 Can tolerate a "reasonable amount" of evaporator 

delta T's and vapor drawoff temperatures. 

Participation i n  Geothermal Development 

0 A pilot  plant demonstration would be a good way t o  

convince Spreckels of the feasibi l i ty  of using 

geothermal brine for  sugar beet processing. 

0 Temple would be interested in discussing further 

the application of geothermal energy af ter  we 

o b t a i n  some results from our analysis. 

Both  Mr. McGinnis and Mr. Ballou contributed several useful comments. 

2.3.6 Remai n i  ng Work 

Work remaining on the evaluation of the Sugar and Confectionary Products 

Industry includes the following: 

Completion o f  heat and material balances. 

Sizing of the equipment needed t o  modify a beet-sugar 

plant for geothermal brine use. 

Estimation of the cost o f  this equipment. 
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0 Economic evaluat ion o f  the cases studied, i nc lud ing  

requi red geothermal systems, t o  a r r i v e  a t  the  cos t  

of steam f o r  each case. 

0 Economic impact of geothermal b r i n e  use on t h i s  

indust ry .  
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2.4 Chemicals Industry 

S a l t  (sodium chlor ide)  production by evaporation was chosen as  the example 

case f o r  the chemical industry.  Users of mu1 t i - e f f e c t  evaporat ion/crystal-  

l i z a t i o n  i n  this industry include, i n  addi t ion t o  sodium chlor ide concen- 

t r a t i o n ,  inorganic s a l t s  production, and caus t ic  soda concentration i n  

chl orine-causti  c production. 

2.4. 

The  s a l t  

chlor ide,  

S a l t  Industry 

ndustry produces over 45 mill ion tons per year  (1972) of sodium 

most of which i s  used by the chemical industry i t s e l f  (see Table 

2 - 3 ) .  

mu1 t i  - e f f ec t  evaporati on/crystal l  i za t ion  - the remainder being produced by 

various other processes f34, 46s 4 7 ) .  "Evaporated" s a l t  i s  produced i n  29 

p lan ts  located i n  11 s t a t e s .  

About 4.5 mill ion tons/year (10%) of the s a l t  i s  produced using 

Four of these plants  a r e  i n  the Western United 

S ta tes  (47) 

Table 2-3 

Uses o f  S a l t  i n  the U. S. (47) 

Chlor-A1 kal i Industry 

Soda Ash 

Food Process i ng 

Other Chemi ca 1 s 

Feed Dealers and Mixers 

Industr ia l  

M i  scel  1 aneous 

2-21 

Percent 

45 

13 

6 

4 

4 

1 

27 
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2.4.2 S a l t  Process 

The production of s a l t  by multi-effect  evaporation begins  by pumping a 

saturated brine, obtained from an impure s a l t  deposi t ,  t o  an aera tor  

t o  remove most of any hydrogen su l f ide  t h a t  may be present. 

small amounts of chlorine completes the H2S removal by oxidation. 

brine is  then pumped t o  settling tanks where i t  i s  fu r the r  t rea ted  w i t h  

caus t ic  soda and soda ash t o  prec ip i ta te  out  calcium, magnesium, and f e r r i c  

ions. The  c l e a r  overflow from the sett l ing tanks i s  pumped t o  the multiple 

e f f e c t  evaporators where the s a l t  is  c rys ta l l ized  out of the saturated 

solut ion.  

by hydraulic c l a s s i f i ca t ion ,  and then filtered - the mother l iquor  f i l t r a t e  

be ing  returned t o  the evaporators. 

d r i e d  t o  a moisture content of .05 w t %  o r  less i n  a fo s s i l  fueled rotary drum 

dryer,  and then screened t o  y ie ld  the various product s a l t  grades (see Figure 

Addition o f  

The 

The resulting s lu r ry  is washed t o  remove calcium s u l f a t e  f ines  

Moist s a l t  c rys t a l s  from the f i l ters  a re  

2-4). 

T h e  multiple e f f e c t  evaporator /crystal l izer  operation typ ica l ly  consists of 

a quadruple e f f e c t  system. Brine, saturated w i t h  s a l t  a t  about 25 w t % ,  i s  

fed i n  parallel  t o  each effect. As water is  evaporated i n  each u n i t ,  s a l t  

c rys t a l s  are formed, and discharged, f i n a l l y ,  as a 25 w t %  solids solut ion 

o f  s a l t  c rys t a l s  and sa tura ted  brine. 

turbines a t  15-40 psia ,  i s  used t o  drive the evaporators. 

vacuum of 25-27 i n .  Hg i s  maintained i n  the l a s t  e f f e c t .  

Steam, exhausted from power producing 

Normally, a 

In the s a l t  industry,  the most frequently used evaporator/crystallizers a re  

in te rna l ly  ag i ta ted  short-tube calandria units ( typ ica l ly  w i t h  tubes @ 
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2%-," diameter x 5 ' ) ,  and the more recent  long-tube fo rced -c i r cu la t i on  u n i t s  

( t y p i c a l l y  w i t h  tubes @ 1%" diameter x 2 0 ' ) .  

Because o f  the inherent  low p r o f i t  margin o f  s a l t  production, s a l t  p lan ts  

are large,  capac i t i es  range up t o  1000 tons/day. 

2.4.3 - Remaining Work 

Work remaining on the eva lua t i on  o f  the chemicals i n d u s t r y  inc ludes the  

f o l  1 owing : 

e Development o f  the process f l o w  diagrams, and heat and 

and f o r  the conventional , r e t r o f i t ,  ma te r ia l  balances 

new p l a n t  cases. 

S i z ing  o f  the equ pment needed t o  modify a - s a l t  p 

f o r  geothermal b r i n e  use. 

an t  

Est imat ion o f  the cost  o f  t h i s  equipment. 

Economic eva lua t i on  of  the cases studied, i n c l u d i n g  

the requi red geothermal systems, t o  a r r i v e  a t  the cos t  

o f  steam f o r  each case. 

Economic impact o f  geothermal b r i n e  use on t h i s  i ndus t r y .  

Discussions w i t h  i n d u s t r y  and a p l a n t  v i s i t  t o  ob ta in  

in format ion and t o  assess i n d u s t r y  r e a c t i o n  t o  geothermal 

use. 
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a Brief evaluation o f  inorganic sa l t s  and chlorine- 

caustic industries t o  roughly determine the i r  pros- 

pects for  geothermal use. 

2.5 Other Areas of Applicat ion 

This section discusses other industries - Pulp and Paper, Dairy, and Waste 

Concentration, t h a t  are potential candidates f o r  geothermal use. They will 

not  be evaluated i n  detai 1 becausc their  mu1 t i  -effect evaporator systems were 

similar t o  one of the selected candidate industries, or there was less l ike l i -  

hood of integrating the geothermal system with the overall plant steam system. 

2.5.1 P u l p  and Paper Industry 

T h a t  segment of the P u l p  and Paper Industry (SIC Industry Groups 261, 262)  

which includes p u l p  mill,  as well as  combined pulp-paper mill operations, i s  

a potential candidate for geothermal brine use. 

effect  evaporation with up t o  seven effects t o  concentrate black liquor from 

kra f t  pulping operations. 

This industry uses multi- 

. The P u l p  and Paper Industry i s  a major energy consumer, 

400 x lo1* BTU's were consumed i n  pulp, and integrated pulp/paper mills 

(over 35% of  th i s  energy i s  produced internally from waste products). 

15% of the t o t a l  energy i s  consumed by mills i n  the Western United States. 

Since black liquor mu1 t i -effect  evaporator operations use about  15% of  the 

energy required in an integrated pulp/paper mil 1 ,  nearly 9 x 10" BTU's 

(1,900,000 BBL o i l /y r )  are  consumed by multi-effect evaporation of  black 

In 1971, almost 

Roughly 
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0 liquor in western mills(11' 34). 

known geothermal sources (see Figure 2-5) .  

A number of these mills are located near 

Both p u l p ,  and pulp/paper mills are highly integrated fac i l i t i es .  Heat from 

the combustion o f  black liquor and bark is  used t o  generate steam a t  450-600 

psi. This steam, a f te r  passing t h r o u g h  a turbine t o  produce electrical  power, 

i s  exhausted a t  two pressures and used i n  a number of  process heating oper- 

ations. The low pressure (40-50 psia) po r t ion  of  the exhaust steam i s  used 

i n  the black l iquor evaporators. 

multiple process hea t ing  systems adds a degree o f  complexity, as compared t o  

the selected candidate industries, when conversion t o  geothermal brine use 

i s  considered. 

heating steam i s  drawn o f f  between evaporator units, or  tomato Pulp concen- 

t ra t ion,  where a l l  process steam i s  used a t  low pressure, pulp/paper mills 

would require, i n  a geothermal plant, a combination o f  high pressure recov- 

ery boiler steam (for  power production), intermediate pressure turbine-exhaust 

steam, and low pressure geothermal steam. 

h igh ly  integrated, there may be some reluctance by the industry t o  consider 

geothermal brine use, especially for existing plants .  

The combination of steam pressures and 

Unlike beet-sugar production, where the required process 

Because these steam systems are so 

The feasibi l i ty  of using geothermal heat in the P u l p  and Paper Industry has 

been discussed by others. A March 1975 study, "Geothermal Resource Util- 

i z a t i o n ,  Paper and Cane Sugar Industries", looks a t  the use of  geopressure 

resources by the Paper Industry (54)*  An integrated pulp/paper mill in 

New Zealand has been using geothermal steam f o r  some of i t s  operations, 

including a black liquor pre-evaporator, since 1960(28).  

I 
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Future work on t h i s  industry includes a t en ta t ive  plant  v i s i t ,  and a survey 

of industry reaction t o  geothermal use. 

2.5.2 Dairy Industry 

The Dairy Industry (SIC Industry Group 202) uses mu t i - e f f e c t  evaporation t o  

produce skim m i l k ,  condensed m i l k ,  evaporated milk, whey, and dry milk. 

There a r e  many f a c i l i t i e s  located i n  the Western Un ted States .  

near known o r  potential  geothermal resources. As such, this industry is  a 

potential  candidate industry. 

Some a re  

In 1971, 22.5 x 10" BTU's (4,600,000 BBL 

o i l / y r .  equiv.) were consumed by this segment of the Dairy Industry ( 3 4 ) .  

Of this, 10 x 1012 BTU's a r e  used i n  mult i -effect  evaporator operations (55 1. 

Since about 13% of these m i l k  products a re  produced i n  the West, 1 .3  x lo1* 

BTU's (266,000 BBL o i l /y r .  equiv.) a r e  used for evaporation i n  Western geo- 

thermal regions. 

From two t o  four e f f e c t  evaporator systems are  typ ica l ly  used by the Dairy 

Industry.  These systems are similar i n  o p e r a t i n g  c o n d i t i o n s  t o  those used 

i n  the  Preserved Fruits and Vegetables Industry. 

Future work i n  this area will include a survey o f  industry reaction t o  geo- 

thermal use. 

2.5.3 Waste Concentration 1 
Although i t  cannot be c l a s s i f i ed  as an SIC industry,  t h a t  broad category of 

operations generally described as  waste concentration has many uses f o r  multi- 
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effect evaporators. 

of waste materials i s  a potential candidate for geothermal brine use. 

Waste concentration for recovery, reuse, or  disposal 

Some examples of waste concentration operations that use multi-effect evap- 

oration are: 

e 

0 

0 

Recovery o f  ferrous sulfate from pickling liquors. 

Recovery of alumina from spent liquor f o r  reuse. 

Recovery of sa l t s  i n  cooling tower blowdown for disposal. 

The operating conditions of  these evaporation processes are similar t o  those 

used i n  the Chemical Industry. 

ards, a greater number of f ac i l i t i e s  will be concentrating the 

Because of increasing economic incentives, and more stringent pol 1 ution stand- 

r waste products. 

I n  many cases multi-effect evaporation will be used. 

F u t u r e  work on t h i s  category wi l l  inc lude  a l i s t i n g  o f  processes  t h a t  now 

use, or potentially could use mu1 t i-effect  evaporation t o  concentrate the r 

waste products. 
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drs 2.6 Implementation Program 

As p a r t  o f  an implementation program, d u r i n g  the l a s t  quarter discussions 

were held w i t h  equipment suppliers, evaporation/crystallization users, and 

Lawrence Berkeley Laboratory personnel who have made an industry survey for 

uti 1 i zi ng 1 ow temperature geothermal brines. The fol lowing paragraphs pre- 

sent the results of these discussions w i t h  the manufacturers and LBL. The 

discussions w i t h  users are included i n  the respective sections on applic- 

a t i o n  (2.3, 2.4,  and 2.5). 

Along with Rossi-Catelli and APV (see Section 2.2.5), we talked w i t h  the 

following manufacturers: 

0 Swenson ( R .  Bennet, L .  Diestelow) 

0 Goslin (C.  Cook) , 

0 Ecodyne (T. Chirico) 

0 HPD (P .  Cheng, J .  Karoly) 

HPD people were particularly enthusiastic, and stated that they would like 

t o  become involved in future geothermal/evaporation development programs, 

especially i n  the actual testing of equipment, as they are equipped w i t h  

extensive pilot  fac i l i t i es .  

In a d d i t i o n  t o  equipment manufacturers, there was a lengthy discussion w i t h  

Jim Davey, Manager of the Non-electric Geothermal Utilization Program a t  

Lawrence Berkeley Labs. 

hundered individuals a t  various industries in order t o  acquaint them with 

the potentials o f  using low-temperature geothermal brines. 

During the l a s t  year he has contacted over a 

The following i s  
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a summary of his most relevant comments: 

0 General: Jim is  presently issuing a report  on his f i n d i n g s .  He 

summarized the report  saying t h a t  a l l  of the industries contacted 

a re  in te res ted  i n  u t i l i z i n g  more e f f i c i e n t  energy processes. 

ever,  there  appears t o  be a tremendous inadequacy i n  t h e i r  knowledge 

of the appl icat ions of geothermal brines. In addi t ion,  they recog- 

nize there is  a large risk associated w i t h  geothermal brines which  

makes industry re luc tan t  t o  convert t o  this process. 

How- 

0 P u l p  and Paper Industry: 

Weyerhaeuser. 

exploring the poten t ia l s  o f  geothermal energy. 

a well f o r  geothermal brine f o r  use i n  one o f  their p u l p  and 

He has contacted Crown Zellerbach and 

Weyerhaeuser has over the l a s t  five years been 

They have d r i l l e d  

paper mills. 

o f  a geothermal well, b u t  ended w i t h  a dry hole. 

They spent approximately $100,000 f o r  development 

a Sugar Indus t ry :  He has t a l k e d  t o  Union Sugar, Holly Sugar and 

Spreckels Sugar. Spreckels b u i l t  a plant  i n  Arizona i n  which a 

well y i e ld ing  hot water was obtained. 

used f o r  cooling, i t  has t o  be cooled i n  a cooling tower pr ior  t o  

u t i l i z a t i o n  i n  the plant ,  T h i s  factory is  an exce l len t  candidate 

application f o r  low temperature brines a s  i t  i s  located w i t h i n  

the immediate area o f  geothermal a c t i v i t y .  

Since the water was t o  be 

0 Food Processing: Many canneries were contacted f o r  appl icat ions 

of geothermal. However, most o f  the heat requirements i n  canneries 
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is for sterilization, so it is not applicable to the process 

we are investigating. Stanislaus Food does some tomato proces- 

sing and may be a worthwhile contact. However, they are a small 

company. 

0 Chemical Process Industry: This is a large area of application 

including the evaporative process but not many contacts were 

made. He had not made any contacts in the area of chlorine- 

caustic production or waste pollution controls. 

0 State and Local Agencies: For the Imperial Valley, Jeff Weggins 

is an excellent contact as he is their coordinator of geothermal 

activities. In Idaho, the Chief o f  the Bureau of Minerals and 

Energy for the State of Idaho, Mr. Arthur Zierold, has been con- 

tacted and is familiar with local applications. 

Labs with Jeff Kunze is the best contact. Idaho is an excellent 

source o f  1 ow temperature geothermal energy. 

brine is being obtained there from 500 foot wells. 

The Idaho National 

Presently, 28OoF 
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2 . 7  Computer Program 

The multi-effect evaporation heat and material balance computer program has 

been modified for each specific application considered. 

eliminate the convergence problems encountered i n  the more general version. 

The  result has been increased f lexibi l i ty  i n  the evaporator configurations 

that are being considered. 

This was done t o  

I 

Where information has been available, a subroutine t o  estimate the overall 

heat transfer coefficients has been included. This has been done for the 

sugar beet industry. 

The existing programs cover the mu1 t ip le  effect forward feed evaporator system 

w i t h  vapor drawoffs (sugar-beet industry) and a three effect  mixed feed 

evaporator system (tomato paste industry). Future modifications will include 

the multiple effect  parallel feed arrangement used i n  the sodium chloride 

industry. 
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GId 2.8 Brine Supply Economics 

From various sources, recent information on the economics of geothermal 

well/pipeline systems has been obtained this l a s t  quarter .  

Jim Davey of LBL provided us w i t h  a s e t  of his unpublished char t s ,  "Energy 

Economics for Each Geothermal Production Well", which  show the cos t  of 

various low temperature geothermal brines. His calculat ions showed this 

brine t o  be valued a t  approximately $1.50/million BTU's. 

based upon year round operation w i t h  36OoF brine. 

T h i s  f igure i s  

I t  should be noted t h a t  

lower brine temperatures (such a s  we a re  studying) b u t  would decrease 

more e f f i c i e n t  heat extract ion process as  u t i l i zed  i n  our process. 

An updated report  by T. Larson, of U .  C . ,  Riverside t i t l ed  "The Costs 

Geothermal Energy Development"(49), examines the economics of develop 

maintaining a geothermal f ield and 200 MW power plant i n  the Imperial 

Much of the da ta  and many of  the variables used such as brine tempera 

natural  gas and fossil fuels a re  i n  the category of $2.00 to' $2.50 per million 

BTU's a t  present prices.  His calculated cost  f o r  brine would increase fo r  

f o r  a 

of 

ng and 

Valley. 

ure, 

flow r a t e ,  and d r i l l i n g  costs can be applied t o  our non-electric use study. 

A section o f  the f ina l  technical report  on the Susanville Energy Project ,  

t i t l e d  "An Introduction t o  Engineering and Economic Model ing" (51) ,  by B. B. 

Basse described a model fo r  estimating the costs  o f  geothermal energy for 

industry. 

line cos ts  based on a number o f  variables.  

Formulas a re  g i v e n  t ha t  can be used t o  calculate  well and pipe- 
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Also, d u r i n g  the second quarter, work was started on a general economic 

analysis of  industrial plants u s i n g  geothermal derived steam vs. similar 

plants u s i n g  steam generated from fossil fuels. 

includes estimating well/pipeline system costs. 

Par t  of th is  analysis 

Some of the more signif- 

icant assumptions are: 

Well depth required 

Well flow rates possible 

Well l i f e  

Number of reinjection wells required 

Pi pel i ne 1 ength 

Expl oration costs 

S t i l l  t o  be done i s  the firming up o f  the assumptions used in this  analysis 

so t h a t  the effect  of the more important parameters on well/pipeline total 

costs can be shown. 

1 
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Section 3 

Future Work 

Bechtel ' s  e f f o r t  f o r  the next quar te r  (April through June 1977) will  con- 

cent ra te  on the following areas:  

Completion of Process Flow Diagrams - Most of the remaining 

work i s  i n  the development of Chemical Industry ( s a l t  manu- 

fac tur ing)  flow diagrams. 

Completion of Conceptual Engineering - T h i s  includes work on 

a l l  three of the candidate industries - mainly s i z ing  of the 

additional equipment needed t o  r e t r o f i t  a plant  f o r  geothermal 

use. 

Completion of Economic Analysis - Calculations f o r  the cos t  

of steam f o r  conventional, r e t r o f i t ,  and new plan ts  wil l  be 

f i n a l  i zed. 

Begin Compari.son t o  Alternate Methods - The prac t ica l  and 

economic advantages of the feed-and-bleed process will  be 

assessed by comparison w i t h  o ther  processes for the indus t r i a l  

u t i l i z a t i o n  of geothermal heat. 

Begin Economic Impact Study - An est imate  of industry-wide 

economic impact of the use of  geothermal heat will be s t a r t e d .  
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. .  . . .  . . - -. . 

. 0 Begin R&D, Implementatian Plans - After p o i n t i n g  o u t  poten- 

t i a l  problem areas, a research and development program will 

be outlined t o  solve these problems, or t o  minimize their  

impact on the proposed industrial application of geother- 

mal heat. Along with th i s ,  in order t o  establish a coop- 

erative demonstration program with a number o f  potential 

users of geothermal heat, a plan of action will be developed 

together w i t h  a suggested schedule and a rough cost estimate 

of the program. 

a Completion of Environmental Study - The environmental effects 

of using geothermal steam vs. steam derived from fossil fuels 

will be looked a t .  
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