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SUMMARY
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This document forms the basis of the ET deve]opment programs in hydrothermal
energy convers1on and f]e]d system technology. .

The approach taken in p1ann1ng the programs was to first study the current
hydrothermal power 1ndustry growth, and the prOJected ava11ab111ty of hydro-
thermal resources as estimated by, the U.S.G.S. in circular 790. With this
information an assessment was then made to determine if existing technology
would perm1t DOE goals for hydrothermal energy power-on-line to be met.

It was found that current 1ndustry growth using flash system technology would
not permit DOE 2020 goals to be met. This conclusion is based on the \
assumption that industry would not develop a resource if the cost of the re-
sulting power were 50 mills/kW hr. or greater. Flash steam techno]ogy meets
this criteria with good flowing wel]s at temperatures of 350 - 400°F dr @
higher. The U.S.G.S. has not prOJected’suff1c1ent resource of this quality

to meet power-on-line goa?s and only a small part, about )/4 of the resource

base can be utilized with steam techno]ogy

The use of b1nary plants to generate power is calculated to produce 50 m111
power at temperatures as low as 280°F if adequate well flows are obtained.
Industry is not acting on the calculated advantages for b1nary technoloay,
because the advantages have not been demonstrated. An analysis of the
utility industry planning cycle 1nd1cates that the acceptance of binary
technology must be obtained by the mid to late 1980's if DOE 2020 power-
on-line goals are to be met. These goals, as well as maximum utilization of
the resource base require advanced technology compared with the current steam

technoloagy.

M

‘With this need identified, 'technology programs‘were planned to proVide

utilities with the necessary information on binary technology and to obtain
additional des1gn data in areas of potential problems. Major programs were
identified 1n each of the f0110w1ng areas: '

e Technical data dissemination

. Direct‘contact neat exchanger development
e Sma]] plant deve1opment '
) Minimum ground water uSade
« Plant performance 1mprovement
® Downho]e pump deveTopment ‘
s Well st1mu1at1on

1

Successful completion of these programs with resulting industry acceptance
and implementation of the resulting technology is projected to increase

1
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power-on- line using hydrothermal resources by a total of 126 000 MW(e)
This is equivalent to 40 billion barrels of imported oil over the

planned 30 year lifetime of the plants. Successful completion of these
programs have the potential of allowing economic utilization of 85 percent

of the resource 1dent1f1ed by the U.S.G.S. ¢ _ . .

Management of the programs is de]egated to Tead 1aborator1es, [daho
National Engineering Laboratory for Conversion Technology and the Los
Alamos Scientific Laboratory for F1e1d System Technology v1a the re-
spective DOE field offices.’” The 1ead laboratories will prov1de general
direction and coordination of the var1ous program elements. Management
plans will be required for al] maJor program elements. :

The fo]1ow1ng is the est1mated budget requ1rement for the Convers1on
Technology proqram ; | ‘ A
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".1.0  INTRODUCTION

i

i

1

* DGE/ET PROGRAM PLAN FOR CONVERSION SYSTEM TECHNOLOGY
AND FIELD SYSTEM TECHNOLOGY

\
)
i
i [
1
T
i

This plan describes techn1ca1 programs that the Department of Energy, D1v1s1on .
of Energy Technology will conduct to accelerate the commerc1a]1zat1on of electric

power generat1on from geothermal energy. The plan is limited to conversion techno]ogy

and Field System Technology programs. Consideration has been given to the
current staté-of-the-art.in geothermal power:generation technology, current
growth of hydrothermal power in the U. S., and the identified and undiscovered
resource base in the U. S. delineated by the uses(1), DOE/DGE goals which
have been established are dwscussed W1th respect to the techno]ogy necessary to
achieve these goals and more 1mportant1y, maximize the utilization of thls
energy resource base. ‘ |

i

Two types of power/conversiop systems are discussed, fTash:steam systems

(dual or single) and binary systems. A flash steam plant utilizes geothermal
energy by dropping geothermal fTuidfpressure.to produce steam for driving

a turbine. A dual flash pTaut drops the pressure in two stages to improve -
the geothermal fluid utilization. Binary plants wutilize Qeothermal energy

by transferring heat to an organic fluid which in turn drives a turbine. A
binary system is more thermodynamiceITy efficient. than eitNer type of flash
steam system, but it is a neu technology in this country. It is considered an
advanced teano]ogy in this plan. ' :

i
In planning programs to acceTerate the commercialization of geothermal electric
power generat1on it has been assumed 1ndustry would respond to a demonstration

~of favorable economics. The' basic approach developed in the plan is to define

the d1str1but1on of the pred1cted U.. S. geothermal resource in terms of well
flow and temperature Programs are then assessed against the1r ability to
improve the economics and to reso]ve problems associated w1th the generation

of power from the resource. so that' maxtmum utiliation of the resource is obtained.

1
o ' i ‘
; | ,

Section 2 brieny summarizes’ the current status of geothermaT power development

in the U. S. ", including current econom1cs and the rate of 1ndustry growth.

(1) USGS Circular 790 Assessment:of Geotherma] Resources of the United States - 1978

v b
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- Section 3 gives the basis for the technical programs. The total geothermal
:reéource is analized in terms of 1té!rate of discovery and technica] needs for
economic uti}ization. Sect1on 4 def1nes the _programs in Convers1on Techno1ogy ‘
“Z,'and section 5 defines programs in F1e1d System Technology. Sect1on 6 defines

the management system which DOE w111 use to accomp11sh the program

i

2.0 CURRENT STATUS OF GEOTHERMAL. POWER GENERAT!ION ;

[
N

Electrical product1on from geotherma1 energy is currently compet1t1ve w1th
conventional power generation methods for a 11m1ted range of geothermal
resources. Figure 1 shows the cost of geothermal e]ectr1ca] power from binary
and flash steam plants as a funct1on of resource temperature and average we]]
flow rate, and compares it to a survey of power costs from new convent1ona1
plants in the south-western ‘United States "This figure shows that:

(1) Geothermal power costs, are 1nf1uenced by resource temperature
and well flow rate, with both effects becoming more influential
at lower temperétures.i |

(2) For the higher resource temperatures, geotherma] power is com-
petitive with new conventional power sources.

(3) Binary plants extend the temperature range of competitive power
generation costs significaﬁt]y below that for which dual-flash

steam plants are competitive.

Figure 2 supports the contention of competitive geothermal power costs by
illustrating the historical growth of geothermal power in both the U. S.
and the world. Both are growing rap1d1y, with the U. S. qrowth rate at
approximately 19% per year. Table 1 provides a listing of current u. S.
geothermal projects. Three conc]u51ons are apparent from this tabulation:

[

(1) The overwhelming majority of U. S. geothermal development is in

Geysers. o ‘
(2) Almost all of the other resources being developed, or planned

for development, are the high-temperature resources which Figure 1

shows to be economical with dual-flash steam plants, providing

reasonable well productivity is achieved.

\
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: ' _\‘\r p
" Project (location) ' Fileaso"urce Operaling { ~ ~ 'Under . Projected | Total}
Temperature design or ‘ o
(°F) construction
PGAE (Geysers) ] | - 460 - -| - 608- |- - - -0 ~ | 705 | 1921 S
i - (dry steam) » ‘ ' T
NCPA (Geysers) 460 110_' ___________ 110 [ W
R ‘-—_f‘f(drysieam)j“"“"T"_'Tr.i.., R .
San Diego G&E (Salton Sea) - 640 - o . , , 10 10
Valles Caldera (New Mexico) 500 50 50
o Union/Chevron Qil (Brawley) 500 : ’ 10 o I T 1 N -
_ | MAPCO/Republic (Westmorland) o -s00 -} - b 50 50
Phillips/Rogers (Roosevelt) - 460 . ... .50 - S 50 v o - o oo
- O'Brien/VTN (Roosevelt) : 460 ) o 50 50
Sierra Pacific Power (Nevada) >400 . 50 50-
ChevroniSCE (Hebern) 360 50 . 50
Magmamax Binary (Easl Mesa) 360 10 R L A
o ‘Republic (East Mesa) . . . . . -} - - 33 - -} ---- -4 - " "eq4 " hT 70 64
INEL Binary (Raft River) 290 .- 5 5
s ; ! o
"I ' 608 : 1007 815 2430
., | INEL-S-17 860
Table 1 Geothermal Power Plants in the United States S !
! { 7
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3.0 PROGRAlM'BASES o

1
4
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(3) *‘Industry is not expand1ng us1ng the b1nary cycle even though a

'

:‘s1gn1f1cant economic advantage is ca]cu]ated to exist. (F1gure 1)

. ' .
| ‘ ! t
. Lo

; [

i
3
v ! '
t t | ‘
t

To estab11sh the technxcal program requxrements 1t is necessary to evaTuate
where geothermal commercialization is presently headed and how well or 11ke1y
the current path is to meet DOE power on-Tine goals. '

The DOE hydrothermal goals are 3-4000 Mi(e) by 1985, 20-40,000 Mi(e) by the
year 2000, and 70-140,000 Mw(e) of 1nsta]1ed‘capacity by the year 2020. Figure
3, which is a semilog replot of FigUre 2y shows the historica] and projected

‘near-term growth of U. S. geotherma] power 1n relation to the goals for

geothermal power on-line. If theqeotherma] power 1ndustry continues 1ts
present growth rate as shown on F1gure 3, the DOE 1985 goal would be mlssed
slightly (2500 MW on-line versus a 3000 4000 MW target); and the year 2020
target would be greatly exceeded These data indicate that current industry
growth is sufficient to meet DOE oower on-line targets, if there is sufficient

economic resource and/or techn1ca] barrxers are not encountered
i 2 '

In this section the total U. ‘S hydrothermal resource is analfzed ‘the

rate of ava1lab111ty is projected and the economlc worth of the aval]able
resources is assessed From thls 1nformatlon an .assessment.is made which shows
that there is 'not sufficient economic resource to meet DOE power on-line  °
goals with current techno]ogy Technlcal programs are def1ned which improve
the economics of generat1no power from the hydrothermal resource An increase
of 126,000 Mw(e) production 1s proJected based on the 1mproved economics.

3.1 ‘Resource Base v:" A
The USGS has orogect1ons of Ehe tota] recoverabTe hydrothermal resource
base, 1n the U. S. in USGS Circular 790. The recoverab]e hydrotherma]
resource above 90°C 1s prOJected to be approx1mate1y 2400 x ]O]8J, of
which approx1mate1y 400 X 1O]8J have been located, and 2000 x TOISJ are
presently und1scovered, F1gune 4 sums 1dent1f7ed and undiscovered

resources above 90°C by temperature category. (See Appendix A for the

- i } i
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basis ppon’which Figure 4 and related}figures were determined.) Its
evident that a very szstantial portion of the resoufce base exists
below the temperatures currently being exploited (see Table I) by flash-

steam technology (resource >?OO°C). : h . '

[ !
f b ‘ '

Figure 5 shows the total eTeétrical power potential pf the hydrothérmal
resource base presentéd'in Figure 4. It does hot consider Whether;the
power could be econom?ca]ly produced or the time frame in which it
would be available. Two curves are shown, one for binary cycles and
the other for flashed-steam ?yc]es. The f1ashed-ste§m cycle represents
the current dual flash technology which is generaT]y;conéidéred_to
repreéent the practicaJ‘limiﬁqu performance for f1a§hgd-steam systems.
The bihary system cupve shows a greater power potential because of a
higher utilization eff1c1ency (more power per pound of geothermal water,
see Append1x B) and represents current b1nary system technology.. Further .
improvements to binary cyc]e]performance, to be d1scpssed lTater in this
document, are not inciuded in the binary cycle curve but would further
increase the utilization of ﬁhe resource base over that provided by
fTashed steam system %or any. temperature Both the flashed-steam and
the binary curves approach a maximum value as a resu1t of the power
output dropplng (per pound of geotherma] f1u1d) as geothermal supply
temperatures decrease: ‘ ‘ : ‘ '
Three conclusions are apparept from Figure 5.

(1) With exclusive use of flashed-steam systems DOE power

on-Tine goa]s wou]d barely be met 9a, 000, Mw versus
70,-140,000 MW(e) goal in 2020, even if all resources

1

were»économical. kAn unrealistic conditioh)
(2) Exclusive use of the flash-steam systems greatly reduces
the overa]i contribution of geothermal energy to the nations

1

, power needs.
(3) At all temperétures greater power is extracted from the

geothermal fluid when binary systems are used.

1
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3.2  Industry Growth Trends'and Limits ‘ ; .
As. shown previously, 1ndustry is expanding us1ng the more economic
vapor- dom1nated resources and the higher temperature 1iquid resources.
The Geysers-1s the only commercial vapor-dominated system in the U.S.
today.‘ There have been reports of a vaporedominatedjsystem in Northern
Nevada; but it is not anticipated major growth will occur using vapor-
dominated systems beceuse‘offlimited supply. The most 1ikely area of
continued growth in the immediate future is the high‘temperature 1iquid
systems using flashed-steam conversion technology. Numerous plants of

this type are current]y in the planning stages in the U. S. as shown
on Table 1. , , . \

| |

Current identified reéources:have the potential to support ~ 10,000 MW(e)
of installed capacity for 30 years at a power cost of 50 mills/kWh or
less using high temperature pual—f1ASh steam techno]pgy (see Appendix A
for calculations). These resources could sustain the geothermal power
growth shown on Figure 3 unti] around '1990-1995. Growth beyond this
point would depend upon the rate at which the unidentified resource base

- is Tocated, the fraction of the resource which is economical and Tlocal

considerations, whether technical, institutional or environmental which

may delay or prevent their deveiopment. fl .

Primary geothermal exp1oratipn is being conducted by:oil companies,

and the past successee of these companies provide a reasonable means for
projecting the rate at whicﬁ geothermal resources wﬂll be Tocated. In

the U{ S. 01l and gasjindustry; discovery has taken place at an exponentially
decayihg rate, and approxfmate]y 90% of the resources have been discovered
within 30 years of the 1nit1ation of significant exploration. Based on

these ‘assumptions, and adding five years for projecﬁ development, a

projected maximum avaﬁlabi]ity of resources for economical electric
generation using today s f1ash steam technology is shown as the Timiting
curve of Figure 6. (See Append1x A for the caTculat1ona] basis of these

\
\

projections.)

'
'

This limiting curve shows there is amp]e resource to support the current

growth of the geotherma] power industry unt11 after the year 2000. At



ctrical power

1

A geotherfnai e

/

\,
LR Y

~

generation {(M¥/ x 107)

P .

-
-

—h
o

Figure 6

The Hydrothermal Power Industry Using
Flash Stéam Technology

12

| : ' .
| e - : \
L — \ ?
e T v\ : = 1 ':
. | ‘ ~ ”
' b . ' |
l [ ! 'i
: e i . .I

~ T I. : I I , I _|1“
| | ‘ '!~
| i ’ i “‘
, \ | L
) } ! .(
. \ 1 } . § S
i Vo ‘ i ! g t “ s |
. . n , e T 1!;
= .DOE| goalS‘ NG ; e ‘ P
| [ 2 ‘~ | /\ { ) 4 “g -k-. '!
* \ \: :‘ . |' (. . K ; ’.{ [iv
Predicted Discovery ‘ . ’ !
resources whfch supp k !
power generation at , ‘
50 mills/kWh or less \ ]
with steam , . ;
— technology ] ‘
R | |
1 A: '
AA , . !
- . | K{ e e - - - Projected'unrestfained ;
1 ) ‘ . Gr‘OW‘th .’
| \ Current Growth ;
\ N .
‘ w! ‘ ;'

/ | !

. A ‘ ‘ ‘ ! i

S /J SIS | | N |
1960 1970 1980 © 1990 2000 2010 2020 1

. § ; . ‘ ' !
Time (calendar years) ..

\ ‘ CINEL-5-20 069 Z

Effect-of Resourcé Discovery Rate on |

|




for
i

1

{
3

" that time, resources w1]1 beg1n to 11m1t growth and around 2020 growth

will term1nate at an 1nstal1ed capaclty of around 45 000 MW(e). This
is well below the DOE target of 70~ 140 OOO MW on- 11ne in the year 2020.
To meet the 2020. goal,. it is' necessary that 1ndustry begin bu11d1ng binary

plants: which increase the percentage of the resources which are econom1cal1y ‘

compet1t1ve, and wh1ch increase the power obtained from the resources.
To practically susta1n growth ‘after the Jear 2,000 1ndustry must beg1n
a major program bUTleng b1nary plants shortly after 1995. A ten year
planning cycle is common in the utility 1ndustry and planning for binary
p]ants must initiate shortly after 1985. ‘Magma Imper1a1 is presently
constructing a binary plant 1n Ca]1forn1a (See Table I) but there is
11tt1e other apparent active'interest 1n binary p]ants at the present
time.  To get binary p]ants 1nto the utility p]ann1ng cycIe, a vigorous
techno]ogy program is required immediately which st1mu1ates 1ndustry
1nterest, assures that the economics prOJected on F}gure 1 are correct,
and in particular resolves technical barriers assoc1ated with binary

i

technology. o \

In summary the following conelusionsican be derived from the preceeding
material: : j v , |
(1)- An active geotherﬁa] industry is currently developing economic
resources. . If the growth of this 1ndustr/ can be maintained,
long-range OOE goa]s will be met. ‘ .
(2) In the short-term (i.e., in the 1985 time‘frame) there w11l
T: 1ikely be a: need to qu1ck]y resolve eng1neer1ng problems
associated with the transition from the use of vapor-dominated
systems to the use of h1gh temperature, 11qu1d -dominated systems.
(3) High- temperature resources are limfted and industry growth will
‘ slow in the'1990- 2000 year time’ per1od w1thout the use: of
‘moderate- temperature resources ! ,
(4) Stimulation'is needed to get 1ndustry acceptance of advanced
conversion techno]ooxes, which perm1t economical utilization
o of moderate- temperature resources (130- 200 C range).
(5) This industry acceptance must be obtained by the mid 1980's for
‘ incorporation 1nto~the utility plann1nglcyc1e to allow continued

' 13

i




i
i
-
i

f 1ndustry growth past the mid 1990 s.

3.3 ''Advanced Technoiogy Programs
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This 'section defines major areas 1in which programs will be tonductéd

- by the Department of Energy to help reso]ve techn1ca] barriers and.

stimulate industry convers1on to bxnary technology. : The gain in potential

economical power on-line for each of the major program elements is assessed.

¥ '
i

The def{nition and scope of the major program elements are as follows:
i [ i ) ‘

t(]) Conversion: System Technology - all technology programs re]ated
o selection, des1gn,,construct1on, operation and ma1ntenance

of electrical power p1ants

1

(2) Field System Techno1ogy - Al techno]ogy related to the

' selection des1gn, construct1on, operatlon and malntenance of
the system that prov1des geotherma] water.to the power plant
and disposes of the plant effTuent (1nc1udes wel]s, p1p1ng,

pumps , contro]s etc )

|

3.3.1 Conversion Technology

The conversion techno]ogy program has two pr1nc1pa1 end objectives:

t

(a) Provide a: technicaT c]imate that wi11 encourage

1ndustry to switch
systems. |

from dual- f1ash systems to binary

(b) To 1mprové the efficiency of binary systems so that a

greater percentage

econom1ca1

B .

of the aeothermaT resource is

The conversion to basiéfbinary technology 1is ppojected to result in

an incremental 41,000 Ww(e) of econom1ca1]y compet1t1ve geothermal

.power on-line. Th1s 13 based on ca]cu]at1ons summar1zed in Appendix A

which shows that dual-flash steam plants will support 45,000 MW(e)

- for 30 years at an 80% CdpdCTty
kWh or less. The same resource
under the same cond1t10ps using

‘ 14

factor, w1th power costs of 50 mills

base will support 86, 000 MW (e)
current binary techno]ogy, a
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difference of 41 000 Mw(e) worth’ 15 4 x 109 barre]s of 0il

1over the 30-year plant. 11fet1me

[

T ; o
: o

Better converswon—p]ant performance 1mproves power generat1on costs

by reducing the ‘investment required for the well field, and
“also increases the potentlal output from‘ind1v1dua1 resources and
.the total resource base. Appendix B shows the potential for o-ZO%

or more improvement in,plant performance, over, the current basic

‘binary techno]ogy These 1mprovements result pr1nc1pa11y from

increased use of stag1ng, use of hydrocarbon mthures and reduced

'conden51ng temperature‘ The increment which is economical at 50 m111$/kWh
. or lower 1ncreasesfrom 86,000 to 111 ,000 MW(e) for 30 years. This '

increase is worth 9.4 % .109 barrels of 0il over the projected plant
i . . i

) '

The conversion of industry to binary techno]ogy basically fequires
a demonstration that the calculated economic advantages summarized
on Figure 1 are;real and that there are a minimum of unforeseen
engineering and operationa] problems. Programs are- described in
this plan to obtain necessary operating exper1ence using SMW,
500kW and 60kW systems. These systems will be used to

demonstrate basic bina%y'techno1ogy‘and investigate advanced.
systems. In addition programs are planned to provide solutionsbto
the known operating problems such as, limited availability of
cooling tower makeup water and corrosion and/or scaling due to

geothermal fluids.

3.3.2 Field System Technology | :

i

Field System Technology programs which provide the greatest

payoff are those which increase well flow rates since the flow

~d1rect]y determlnes the number of wells requ1red Although several
‘sub-programs. makeup the Field System Technology work the most

significant benef1ts are expected to occur from well pumping and well

stimulation. These two items are eva]uated below:

Pumping: A target has been established for the pumping program
to make an additional 35,000 MW(e) available at 50 mills/kWhr

R
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from the gepthermai'resource. The princiéa] prbgram in this
area is the development of high temperature deepfwe]l pumps.
Study of a ?ew spécific geothefma] wells %or which data were
available shows that geothermal well flow can eas11y be ,
doubled by pumplng.(Append1x A). This in 1tse1f will perm1t
. | meeting target increase in'power on- 11ne' However, we]l
i production and d1str1but1on with 1iquid or two phase geotherma]
resources is a new engineering area with 1ittle prlor exper1ence
It is ant1capated|there will be a substan;1a1 number of unfore-
seen problems which will require engineerﬁng R &D to permit
economic utj1izat{on of the geothermal reéource.}
Stimulation: welﬂgstimhlationfis a standard technology in
01l reservoir development. This technology cannot be directly
;transferred:to gedtherma] reservoir deve]dpment and a teéting '
program is required to ascertain proper techniques for geother-
mal fields. Hydrdlogists generally aareed that well stimulation
will® great]y enhance the flow of poor producing wells, but . 4
will do Tittle for the exceptionally high producing wells.
On this basfs, a Qe11‘f1ow distribution curve was developed
with a goal of 60% improvement in the flow rates wh1ch are less
than 555, 000 lb/hr. Meeting this goal w11l bring an additional
25,000 Mu(e) 1nto ‘the economlc range of 50 mills/kWh, which
is warth 9. 4 X 10 barrels of displaced 011
A summary of the potent1a1 impact of all advanced techno]ogy

programs 1is shown graphlca11y in Figure 7.

: | | ‘
3.4 Hydrothermal Industry Growth Limits
' b

On Figure 6 it was shown that the avai]abi1ity of ecdnomica]]y develop-
able resources would limit the growth of the ceotherma] power industry
using f]ash steam Lechno1ogy In the preceeding sect1on programs are
descrlbed which are intended to stimulate industry conversion to binary
technology and to impfove bidary technology. These are projected to
make aﬁ additional 126, OOOMW of power from the hydrotherma] resource

economical for 1ndustry deve]opment
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On Fidure 8 the anticipated ava11ab111ty of th1s add1t1ona1 resource

is plotted versus the extrapo]ated growth of the u. S Hydrotherma] :- cj

1ndustry This f1gure shows that successful comp]etion of the advanced
programs w111 permit meet1ng the DOE 2020 hydrotherma] goals, but it

will not perm1t continued industry growth at the current rate beyond.
2020.. . Continued growth at th1s point w111 requ1re d1scovery of major
unored1cted hydrothermal resources in'the continental U. S. deve1opment
of undersea hydrothermal resources, deve1opment of deopressured resources,

or the deve]opment of a hot dry rock power industry..
[

The advanced programs descr1ced in th1s p1an 1nvolve technology which can
be used on either geopressured or hot dry rock resources. This technology
shou]d improve the econom1csrof us1nq 'these resources and the potent1a1
payoff for the advanced proqrams cou?d great]y exceed the benefits

defined in this plan ]f it he]os speed the commerc1a1lzat1on of these

additional geotherma] resources.

|
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4.0 * CONVERSION TECHNOLOGY | PROGRAM o ‘

'A

l| Ty i : ; \ .
y ( |
’# The prev10us sect1ons have shown that the use of blnary cyc?e convers1on systems -

'

]

LR - ' : ' i
1 H
i

i
i

1s essential for the full ut111zat1on of the- hydrotherma] resources. Moreover,i
th1s technology must be in p1ace byithe late 1980 S 1f the DOE est1mates of
geothermal energy contr1but1on to the natlonal energy p1cture is- to rema1n valld,
It has been shown that b1nary technology, wh11e capable of 1ncreaswng the ‘
utilization of the higher temperature reservoirs, pr1mar11y perm1ts those
reservoirs wh1ch are at lower temperatures to be ‘used. The!' programs out11ned in
this section are aimed at the techn1ca] demonstrat1on of the binary cycles,
part1cu1ar1y those designed for the 1ower temperature reservo1rs and the remova1
of s1gn1f1cant barriers that would 11m1t the app11cat1on of the b1nary system
and hence 11m1t the ut111zat1on of the hydrotherma] resource.

. ‘ ",' ; ' K : L
Much of the requ1red techno]ogy is essent1a11y statecof the-art app11catlons
similar to that used in the process lndustry, but generally 'unfamiliar to the
utility industry. There are howeveh, significant differences, such as the
closed cycle nature of the power cyQ]e and the greater emphasis on the importance °
of guaranteed efficiency and component performance. In addition, geothermal
power plants,:unlfke conventional poyer plants must be desidned for a variety
of energy source conditions ihc]uding' temperature, relative productivity,
corrosive fluids, Timited cooling water dissolved gas and poss1b]y a resource
temperature which changes w1th time., The geography of the area, resource size
and its shape all influence the 51ze of the plant and plant s1ze strongly effects
economics. Such items represent barr1ers to the development of the geothermal
potential if des1gn alternatives cannot be found to overcome them either

I

technically or economically. Vo , |
t ‘ , ' : i
¢ "

. ! , ‘ i
Finer points invo1ve such items as a, 1ack of accurate knowledge of working

fluid properties Much work has been done over the years, nat1onal1y and
internationally, to obtain prec1se measurements of the thermodynam1c propert1es
of water (steam) used as the work1ng fluid 1nessent1a11y all’  major power plants.
In contrast, geothermal plants may use a variety of working f1u1ds,‘none of
which has a data base comparable to that available to designérs of steam power
systems. ‘ : } ' h




4,1 Program Descriptions
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The Conversion Techno1ogy programs are. 11sted below w1th a br1ef
descr1pt1on of “each proqram ! Backoround mater1a1 is .provided for some
of the newer programs in the Append1ces Detailed program descriptions
will be conta1ned in management plans for each of the fo110w1ng program
elements. The management p]ans will be maintained as appendixes to this.

i

plan when they are completed. ‘ ‘

4.1.1 Technical Data Base Programs '

i 1

These programs are intended to accelerate the development and
dissemination of 1nformat1on regard1na geotherma1 conversion .
systems. The primary thrust is to provide conversion system |
‘performance and cost eetimates, working fluid Qroperty and heat

transfer data. Figure 9 provides a schedule of the major activities,

¢

milestones and cost of the program.
L i

+

. \ t

4.1.2‘Direct Contact Heat Exchanger Program

) The purpose of this program is to provide a deeign alternative to.
very high cost heat exehangers when corrosive and/or fouling
§eotherma1 waters are encountered The program consists of beth
small scale tests and an integrated system test with a 500kW p1]ot
plant. If necessary, a large, full scale d1rect contact heat.
exchanger will be tested using the 5MW pilot p?ant at Raft River.

Major concerns are actual direct contact heat exchanger performance,

environmental restr1ct1ons on the loss of work1ng fluid and overall

plant performance: These concerns. w111 be eva]uated by this program.

Figure 10 provides a sehedule of the maJor act1v1t1es, milestones
and cost estimates of this program. ‘

t
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X Figure 9
Program Element  CONVERSION TECHNOLOGY = : — of -
Date 7-30-79 MAJOR EVENT SCHEDULE -
Rev. 0
P | Cv-80 | cver | cv82 | Cve3 | Cv-84 | CY-85 | cv8s | cver
FY-80 FY-81 FY-82 FY-83 FY-84 FY-85 FY-86 FY-87
Technical Data Base- - : e o= Evaluation of _ . - . , i h i
“Programs Staging Hixtures
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1. GEOTHM Computer A A A /1
_ _ Studies - - _— _ -,_-Lé_--__l_—\»..-_-__,-__,3—%__,,, PN U ) [P ||
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. g N . - Needs Correlations. _ .| needs_ Properties Corfelations B o .
o A A T
_ Publish Propane ' Publish Pentarle . s
Properties & + Properties & | - - 4
Correlations ; Correlations '
, :
] ¢ °
Ident. Initial Complete ! ’
Needs Isobutane 1 { End Program, Publish
) : ¢ Monopraph on properties
3. Heat Transfer _ e A\
Correlations for o 425 A é) = ézgriigt{lgznsfer N i
Working Fluids Verify Correl. . Complete Mixturé | |
with 2nd Fluid Tests
a. lnform;ti;n ) Publiéh Newsletter or Pdriodical on Conv

brsion Téchnology

Activities of Dgé

Total Federal
Budgel Aulhorsity

(thousands ol dollars)
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Program Element

Figure: 10

Sheet _____ ol

Baie MAJOR EVENT SCHEDULE
Rev.
. | CY-80 | cv-81 CY-82 Cv-83 [ CY-84 [ cves | cves | cver
FY-80 FY-81 FY-82 FY-83 FY-84 FY-85 FY-86 FY-87
0i c B.Es) - Obtain Back- Determine practical limit | Obtain state/EPJ __ NOTE: Fafilure to obtain B o R
irect-Contact é -€2) ground envirn. on working Fluid loss from | acceptance of ,////,/’ reasonable design limit
Heat Exchanger Program | gata on Hydro- test & analpsis Design Limits will terjninate program
carbon release
(a) Environmental A A B i sl o Lt bl ) (DAL |
= = s S 7X X , £S5 e} e N
Complete D.C. ¢+ Determinp feasibility Complete D.C.
tests at U.ofU. s for comnprcial plants condenser for 500kW .
(b) D.C. Condenser A g A
7 56 ) ASAN l:& ) g 2l B i
Complete test |/ Complete 500kW Complete tests
-| of 500kH -at /

(c) Integrated
System tests

(d) 50 MW plant
Design

(e) Large D.C. heat
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(tentative only)

:
[}
]
)
! '
[ )
tests at Raft River : with mixtures s
East Mesa <t : on -500kW .
4 ] )
’ ) .
A £ AY . Ao = o
Complete . 4
- .| Complete D.C. Hlant
gazﬁure beEks » design, cost ai
T T - B - - S ' estimate ~ ~
:
o 1
(¢}
4
4
Design, procure|test large D.C. ot
Heat Exchanger {n 5MW Raft River|Plant I
4
(0}

d performance

Af‘,' e

End Program

gonograph on

.C. Heat Exchangs
Pover systemE

-

Tolal Federal
Budgel Authority
(thousands of dollars)
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4.1.3 Small Plant Programs’

b

1

§

3 L . . |

| ! |
1 i

The purpose of thls program is to provwde small economical power

p]ants Such pTants may be essent1a1 to the t1me1y and full develop- .\

ment of the geotherma] resource (See Append1x C for further dis—
cuss1on) Two approaches ‘are included: A weTT head unit 1ncorporat1ng
an ‘advanced power cycle and down hole heat exchanger and a Sate111te
System cons1st1ng of a centra11zed control and ma1ntenance area
w1th small satei]1te process areas distributed along the resource.
Th1s type plant des1gn may be requ1red in T1near faulted systems
where the well f]er may extend over a considerable d1stance

; v v i i o
' . s

The wellhead system is currentTy in des1gn and a demonstrat1on is
pTanned within a few years The satellite plant is a new prOJect
which will attempt to prov1de a modular-standarized approach by
utilizing the fTex1b111ty prov1ded by the dual bo1T1ng cycle and

use of mixtures as the work1ng fluid to cover a large temperature

and power range.' This program 1nvo]ves design PRDA s and an ‘

system for a demo pTant or a p110t system at Raft River depend1ng

on design ‘results. F1gure 11 prov1des a schedu]e of the major

activities, milestones and cost of the small pTants program.
) ‘ . o ) !

4.1.4 Minimum Ground Water Use/Heat Rejection Programs

i |

A Targe'portion of the oeothermal resources that can be used for
electrical power: productwon are located in reg1ons where a shortage
of ground water e1ther J1m1ts the amount ava11ab1e for use as cooling
‘water or substantially’ 1ncreases the plant cost "through purchase of
water rights. The purpose of this program is to deveTop methods

to reduce or eliminate dependence on ground water for cooling.
‘Approaches are tb utiltie geotherma]vwater and)or hybrid cooling

‘systems Chemical treatment of the 'geothermal ‘water, the use of

fluidized bed cooling towers, the use of hybr1d towers and cycTe
design that produces a high qua11ty condensate ' are approaches
included in this:progrdm._ Because of the concentrating of the
chemicals in the geothermaldwater when used for cooling, material
selection for corros1on res1stance 1s an 1mportant part of the

program.
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Fig. 11 _
Program Element ¢\ VERSION TECHNOLOGY : : : : -~ “Sheest =~ of ____
Date o MAJOR EVENT SCHEDULE . _
Rev.
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i . 3 )
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‘H1gh performance condensers will be studied and tested as means
of improving heat rejection costs. Figure 12 prov1des a schedule
of the major activities;fmiTestones and cost of,th1s program. ' B

y 5 ! ! { [] R t
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4.1.5 Improved Performance and Cost Programs

. - , : [
,
i v ¥ .

The economics of'geothermal power production and hence resource
ut111zat1on is s1gn1f1cant1y 1nf1uenced by convers1on system .

performance. Stud1es and exper1ments in this portion of the program are:

des1gned to find means of 1ncreas1ng performance Methods presently
identified use stag1ng, worklng fluid mixtures or high performance
equ1pment to minimize thermodynam1c losses. Performance 1ncreases
and the economic tradeoff involved w1th stag1ng concepts are )
1nvest1gated by use of the GEOTHM computer code The use of mixtures
as a working f1u1d requ1res experimental ver1f1cat1on of the benefits
projected ana]yt1ca11y * The lowering of condenser temperature
(and/or reduct1on in heat exchanger size of coo11ng losses) by

use of a high performance condenser a]so requ1res tests. A1l

means of 1ncreas1ng performance requ1re testing with direct

contact heat exchangers‘as well as with shell and tube exchangers
since direct contact systems may impose unique constra1nts
Investigation of new concepts which promise to improve. either
performance or plant coet are included in this program. Figure 13
provides a schedule of the'major'activities, milestones and cost

"of this program.’ L : \

"
! '
,

i

4.2 Major Technical Milestores

!
¢
! b

The need for the b1nary cycle was demonstrated in sect1on 2 and the
potent1a] further increase 1nsthe resource base by use of advanced
binary cyc]es was shown in sectwon 3. It was further po1nted out in
section 2 that utility acceptance of the b1nary cycle must be obtained

by the mid 1980's. The Convers1on Techno]ooy programs were then outlined

in 4.1 with the major empha<1s on remov1no barriers to b1nary cycle use
and 1mproved performance These programs are designed to meet two major
I : : .

i 1 i
. v i
Voo .
[
'
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Program Element
CONVERSTON TECHNOLOGY

’ Sheé( i ol —
Oate MAJOR EVENT SCHEDULE
Rev. . ) L
Tack [ CY-80 [ cy-81 1 cv-82 | CY-83 | CY-84 | CY-85 1 | CY-86 [ cvaer
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oo e e
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m11estones demonstrat1on of bas1c b1nary techno]ogy by 1983 and advanced"““

LR

technoTogy by 1986. These targets were picked to g1ve ut1T1ty pTanners
necessary information to beg1n the pTann1ng processes which will cause
DOE 2000 and 2020 hydrothermaT goals to be met.' : K x
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The programs utilize three maJor fac111t1es for test1ng of blnary
concepts The 60kW, the SOOkw and the SMN p110t p]ants The 5MW pTant
uses shell and tube heat exchangers the SOOkN direct contact heat

i

ekXchangers and either may be tested w1th the -60kW system The 1nterre1at1on~,

ship between these three p1Tot plants and there rales. relative program
goals 1s shown on Figure-14. The experwmentaT programs Tead to the two
major requirements estab11shed for convers1on techno]ogy A techn1ca1
demonstration of the conventlonaT b1nary cyc]e (M1Testone 5 1n 1983)
and technlcal demonstratlon of advanced anary concepts (MITestone 9 in

\ ‘
Other 1mportant mllestones are a technical demonstration of

dlrect contact heat exchanger systems and experwmental evaTuat1on of
mixtures of hydrocarbons as a b1nary system working fluid. In addition

to these facilities . test1ng and eva]uatlon of a f1rst generation |
advanced binary wellhead generator utilizing down-hole heat exchanger

and grav1ty head pumping w11] be completed in 1984. The technical
fea51b111ty for the sate111te plant concept will be established by 1982 and

testing of a demonstration unlt completed by 1985 if th1s is found necessary.

By 1985 the pilot pTants will have accrued several years of performance
and operat1on and ma1ntenance data. Th1s binary pTant experience will be

ava1Tab1e to the ut1T1ty 1ndustr1es in amp]e time for them to 1nc1ude geothermal

binary cycles in the1r forward plann1ng for 1995 and Tater
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4.3 Program Interfaces o
i .
§
The purpose of this sectlon 15 to define major interfaces that may
exist between the convers1on techno]ogy programs and other components~
of DGE DOE, other government agenc1es or co-operative arrangements with

¢ [ 1

private industry. ‘ L i

1. Direct Contact Heat Exchanger Program - In3ect1on of hydrocarbon

working fluid d1§o1yed in the geothermal water and release of
L . small amounts. of ‘hydrocarbon vapor from the condenser vent
may require appréva]‘of state and federaj environmental
protection agencies and/or agencies concerned with water
resources. The h]timate application of direct contact.
systems depends upon sat1sfactor1ly working this 1nterface
to the beneflt of the program

i
[

i
|
i
'
|
i
t

i
L ,
The Lawerence Berke]ey Laboratory (LBL) has respons1b111ty

for the direct contact programs (see sect1on 6) and therefore .
is respon51b]e for obtaining reso]utwon of environmental
problems. , LBL w111 interface directly w1th DOE env1ronmenta1
personne] and Env1ronmenta] Protection Agency personnel as
necessary Interfac1ng with state agencies may be delegated
to organ1aataons\current1y 1nterfac1ng wath State personne].
Proposed hydrocarbon release limits w111 be established based
upon (a) analys1s and experlments using the 60kW and 5S00kN
pilot plants (b)'estimates of practical limits on recovery

and (c) background‘data.on hydrocarbon releases and hydro-

carbons found in'water system.

'
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2. Limit Ground Water Use - The portion of this program which
treats geethermai water for cooling tower makeup has the
interest of OWRT'and several private companies in the water
treatment'businees Interfacing arrangenents between DOE

and those part1es intarested in oart1c1pat1ng in the work must

|
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" be concluded.
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' some tests. for DGE.:

4.4 Program Cost Summaty
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(To be supplied when programs
est1mated)

5.0 Field System Technology

(To be supplied by LASL)

[

32

i

be Performed by USBS for DGE.
be defined by the program perpared by LBL
- ments w111 be between DGE and NBS

L

~ with OWRT based upon programs defined by INEL.
" be issued by the'Idého Ope?ations Office:
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DGE will implement the cooperative program
PON*s will

; .

~ Working Fluid Properties - The Natwonal Bureau Of Standards

i+ conducts programs to measure f1u1d propert1es and has performed |
It 1s ant1c1pated that further work w1]1
The part1c1pat1on of NBS will
Funding arrange-

have been approved and ‘program costs




