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Abstract

Study on the application of HTRs for the enhanced oil
recovery in the Duri oil field (Sumatra, Indonesia) was per-
formed in 1986/1987. The economic and technological advanta-
ges over crude burning option- were identified. Crude oil
prices, HTR capital costs, discount rates, company's income
structure represented dominant parameters. Further sensiti-
vity calculations on important economic parameters were ob-
tained to reflect the condition of 1988.

This nuclear option was also incorporated in the energy
planning study for the whole Indonesia using the MARKAL mo-
del, and resulted the conditions of its applicability. The
scenarios chosen in this MARKAL'study were high and low GDP
growth rate, whereas the criteria chosen were the minimum
cost with and without a predetermined policy of reduced do-
mestic use of oil. In the high scenario the HTRs as well as
the natural gas options could not compete against the low
cost boilers with crude-oil fuel. But in the case of reduced
domestic oil use the HTRs came out to supplement the crude-
burnini? boilers starting in the sixth five year plan (1994 -
1999), even earlier then the natural gas option.

The authors further discuss the industrial environment,
in relation with the regional development, the possible lo-
cal participation, as well as the plan to materialize the
merits of this novel application.

1. Introduction

A prefeas.ibi.1ity study of the application of HTRs in
Indonesia, namely for the heavy oil recovery in the Duri oil
field, was completed and reported to the Indonesian Govern-
ment. The study was performed under the cooperation between
KWU, Interatom of the Federal Republic of Germany and BATAN,
BPPT, MIGAS, LEMIGAS, PERTAMINA of Indonesia. From the Duri
steam flood requirement 4 units of 4 HTR 200-MWt modules
were exercised, and positive results were obtained. Various
advantages, economical and technological, on the use of nu-
clear steam supply systems over conventional crude-burning
ones were identified (1).
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Later an economic study of only one unit of 4 HTR 200-
MWt module introduction, resulting in a similar positive re-
sults, was also presented by KWU (2). Whilst uncertainties
associated with assumptions still have to be verified
through a comprehensive feasibility study, some issues are
hindering the decision to proceed. Among these are short
term practice of oil production sharing contracts, actual
low oil price*, optimistic view on the availability of other
energy sources, institutional and safety aspects (3).

The 1988 oil price situation and its declining tendency
did not support the (micro-economic) profitability of this
nuclear alternative. Further if the burned crude has the
price of the well-head cost and the field electricity is
provided by the field associated gas or by the crude in the
same well-head cost manner, it is very difficult for any
other energy source to compete (4).

2. Energy Resources of Sumatra Riau Province

Sumatra is a large island among 13 thousand islands
of Indonesia. The region is 0.47 million square kilometers,
compared to 2.0 millions of Indonesian land and to 5.2 mil-
lions of total Indonesian land and sea. Out of to-day's
Indonesian population, which is 179 millions, 37 millions
(or 20 %) live in seven Provinces of Sumatra island.

One of the Provinces is Riau, bordering with the Malay-
sia and Singapore, and it covers a small part of the eastern
coast of Sumatra as well as archipelagoes spreading in the
Malacca straight, on the Natuna and the South China seas.
This province, as most other Sumatra provinces are, is en-
dowed with large mines and energy resources. Tin, bauxite,
oil and gas are the products of Riau province, which area
totals to 94.5 thousand square kilometers.

The Caltex Pacific Indonesia, operating a number of oil
fields in this area, contributes the largest share of the
whole Indonesian crude oil production. One of the oil fields
is the Duri field, covering a productive area of about 100
square kilometers. Since the crude has high average gravity
and viscosity (22 API, 120 cp), its exploitation requires
enhanced oil recovery using the steam flooding, which had
become the subject of this nuclear application study. Refi-
neries are located on the coast (Dumai and Sungai Pakning),
and are connected with pipeline system from the oil fields.

The gas reserve in the Natuna islands represents the
largest in Indonesia, although the exploitation needs spe-
cial treatment due to substantial content of carbon dioxide.
Tin is mined in the Karimun, Kundur and Singkep islands, as
bauxite in the Bintan island.
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As mentioned previously the Prefeasibility Study of HTR
application in the Duri oil field for the steam flood pro-
ject had identified various technological and economic ad-
vantages. The study started with a plan of oil field deve-
lopment, followed by technical solutions on steam distribu-
tions deploying centralized nuclear plants in place of even-
ly allocated crude boilers. Then came the assumption of eco-
nomic parameters to assess the viability of the alternative.

A very prospective results were obtained when oil price
was taken to be consistently increasing (1 %/a and more, in
real value, with 4 %/a general inflation rate) starting with
18 US$/bbl in 1987. The same positive results were obtained
if either the nuclear plants were operated by the oil opera-
tor or by an independent company. The acquisition of an ad-
vanced technology could' be propelled by the saving of the
burned crude.

Later sensitivity calculations were performed to eva-
luate the influence of 1988 oil prices, which fell short be-
hind the assumed figures. The result showed that, if the oil
price was 16 US$/bbl and was increasing less than 2 %/a, the
mere economic oonsiderat. ion would not be able to support the
nuclear application. But in later years when oil price will
rise due to resource depletion or escalation of production
cost, then it will be too late, since already substantial
amount of crude has been burned up.

4• HTRs in the MARKAL Study

The Agency for the Assessment and Application of Tech-
nology (Indonesia) with the assistance of KFA Juelich had
coordinated an energy strategy study utilizing the MARKAL
model. In the model Indonesia is divided in four regions:
Jawa, Sumatra, Kalimantan, and Other Islands, among which
energy transports like pipelines, ships and high voltage
lines are accounted.

Two scenarios were formulated, i.e. the high and the low
scenarios. For each of the scenarios two optimization cases
were investigated: minimum cost case and reduced oil use
case. The maximum saving of financial resources is obtained
by applying the minimum cost objective function without any
restriction on the domestic oil use. By this minimum cost
case the result is an extended oil use on domestic market
and hence in an accelerated depletion of the proven
reserves. Therefore a cost minimization with the additional
restriction, in which 15 % of the domestic oil use has to be
saved, was made.

Cost projections in real terms, rather than prices, are
used in the study in order to express monetary expenditures.
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Prices are taken only in connection with exports or imports.
For oil export the price was assumed to be 14.5 US$/bbl in
1986, increasing 4.9 %/a in the high scenario and 3.0 %/a in
the low scenario. But for the enhanced oil recovery the
actual cost of burned cude are accounted excluding profits,
taxes and subsidies.

Three options of fuel supply for the Duri Enhanced Oil
Recovery were considered: the crude oil, the gas transported
through pipelines from Natuna, and the HTRs. The HTR's data
were taken from the prefeasibility study on the application
of HTR module for the Duri oil field (2). The conditions un-
der which a 4x200 MWt.HTRs is competitive are shown in the
following tables.

Table 1: HTR Option for Duri Oil Field
(PJ/a produced steam)

i criterion/
! case

! High Seen.
! Minimum
! Cost
t

! High Seen.
! Reduced Oil
i Use

Source/REPELITA

Crude
Gas
HTR

Crude
Gas
HTR

V
89-94

26.8

26.8
_

VI
94-99

101.9

81.4

20.5

VII
99-04

115.2

—

81.4
94.7
20.5

VIII
04-09

115.2
~*

_

94.7
20.5

IX !
09-14!

115.2!

94.7!
20.5!

1
I

Crude/Gas boiler cost : 262 $/Kwth
REPELITA = Five Year Development Plan

This shows that with only minimum cost as criterion,
the crude-burning option is the only solution to the end of
the time horizon. The fact that it consumes about one fourth
of the crude produced does not matter as much. The future
values put in the burnt oil cost are not high enough to ba-
lance with the high capital cost of HTRs.

Further if the policy of reduced domestic oil use is
applied the HTR contribution becomes supplemental, starting
in the REPELITA VI (Sixth Five Year Development Plan). In
the REPELITA VII the gas contribution starts to replace com-
pletely the crude-burning practice.

It is obvious that 15 % domestic oil use saving, which
is a conservation measure, can mean considerable additional
costs. This was demonstrated in the sensitivity calculation
shown in the Table 2. The introduction of HTRs in the Sixth
REPELITA gives the same effect of the boiler cost raised to
almost three times.
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Table 2: HTR Option in the Sensitivity of Boiler Costs,
with Criterion of Minimum Cost

(PJ/a produced steam)

! Boiler Cost
$/KWth

I 262

! 467
f

|
t

I

! 721

Source/REPELITA

' Crude
Gas
HTR

Crude
Gas
H T R •:•

t

Crude
Gas
HTR

V
89-94

26.8

26.8

—

26.8

VI
94-99

101.9
_

101 .9

™"

81.4

20.5

VII
99-04

115.2

94.7

—

94.7

20.5

VIII
04 09

115.2

_

94.7
—

20.5

94.7

20.5

IX !
09-14!

115 . 2 ,'

94.7!

20.5!
I
I

94.7J

20.5!
|
1

REPELITA = Five Year Development Plan

5. Concepts of Regional Development for Sumatra

Sumatra is an island which has abundance natural re-
source covering various minerals as well as oil and gases.
Therefore, there are many industrial zones having been deve-
loped in the future to optimize the wealth of the island. In
this island there are three regions for industrial growing
centres, i.e. two of them are containing various base che-
mical and metal industrial zones while the other one is
planned to be the region for industrial growing centre based
on key industry, see Figure 1.

The vast industrial development in the -island is in
harmony with the transformation toward industrialization now
taking place in Indonesia aimed by the Government. Efforts
have been carried out to deepen the industrial interdepen-
dency within and among the zones in the industrial regions
so that various industrial trees can emerge and grow well.
The industrial region will also be developed based on key
industries. The key industry is the industry having one or
more of the following characteristics, i.e. processes the
strategic raw material for other industries, and employs
sophisticated technology. These key industries are mostly
capital and energy intensive and their production scale are
huge (6 ) .

The Duri oil field, being in the Riau Province, is just
about in the junction of the above mentioned three regions
for industrial growing centres.
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6. Nuclear Fuel Research

The capability of fabricating the fuel elements for power
reactor is important for Indonesia because it rises the fol-
lowing opportunities :

a. securing the continuation of the fuel element supply at
possibly more stable and reasonable price,

b. growing other industrial activities since various pro-
ducts of other industries, e.g. chemicals and base metals
as well as alloys, may be consumed giving rise to higher
local content leading to the development of industriali-
sation.

Considering above mentioned points, Indonesia has done
various research activities in the fuel cycle although there
has not any firm decision yet on the construction of nuclear
power plants. The emphasis has been on Open cycle without
enrichment since reprocessing1 is considered not necessary
for at least couple decades after the operation of the futu-
re Indonesian nuclear power plants due to economics as well
as technical reasons (7). The enrichment has also not been
considered due to almost the same reasons. Indonesia will
rely on international services which is secure enough for
couple decades in the future (8). Meanwhile the demand for
enrichment is in such as away that from economic point of
view it will be better to have it done by someone alse's
service in the international market.

.In accord with this, Indonesia is now beginning to pro-
duce fuel element as well as control elements for her re-
search reactor of 30 MW in Serpong (RSG-G.A. Siwabessy). At
this nuclear research complex, experimental fuel element for
power plant is soon be manufactured followed by various
tests, both cold and hot using out of and inpile loops, rig,
capsule as well as ramp test facility. Although research on
HTR fuel element has not been carried out, it is expected
that the capahility of producing this fuel element can be
realized domestically if the production technology is trans-
ferred on time during the construction of the HTRs.

This optimistic believe is supported by the facts that
some of similar processes have been familiar to Indonesian
scientists and engineers, there has also been some laborato-
ry investigation on the process of nuclear grade graphite
production. Furthermore, research activities on the HTR fuel
element covering processes of fuel as well as its fabrica-
tion, to be carried out if the introduction of HTRs becomes
more pronounced, can be done using the Serpong nuclear com-
plex and other BATAN facilities in Yogyakarta, Bandung, as
well as Jakarta.

If the HTR fuel element is to be produced domestically,
some chemicals being the products of Indonesian industries,
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wilL be consumed giving rise to the more growing of indus-
trial trees planted in surrounding regions for industrial
growing centres. This kind of interdependency is actually
one of important goals aimed by the Indonesian Government in
the transformation toward industrialization (9,10,11). Those,
chemicals are graphite, methyl trichlorosilane, C2H3/C3H6,
and C2H2. For 30 years operation of 4 HTR 200 MWt modules,
4470 tons graphite, 4470 tons mehtyl trichlorosilane, 232
tons C3H6, and 163 tons C2H2 will be consumed.

U-enriched (7.9%) consumption for first loading to
operate the 4 HTR 200 MWt is 10.08 ton /year can be made
available by having SWJJ service from international market
using domestic natural U, or by purchasing enriched U from
international market. The make up is about 3.6 ton enriched
U (7.9%) per year resulting total requirement of 114 ton en-
riched U (7.9%) for 30 'year operation which is equal to
about 1800 ton of natura'l U. Further more the nuclear grade
ThO2, may also be domestically produced if it is feasible
from economic point of view to reduce the U demand. Other
chemicals, e.g. NH3, NH4OH, H2, PVC and additives needed for
U02 kernel formation can also be supplied by domestic market.

Moreover, other chemicals, to be used for water treat-
ment, are also to be consumed. This, once again, will, lead to
expected interdependency in the surrounding regions for
industrial growing centres (6). For 30 years operation of 4
HTR 200 MWt modules, the consumption of these chemicals are
226100 tons HC1 , 118247 tons NaOH, 27086 tons FeCl, 25920
tons MgO, 1037 tons C12 and 752 tons polyelectroiyte.

7• Future Plans

At present a more detailed study on coal and gas alter-
natives is being performed. It was suggested that coal
from the Cerenti area (2 billion tons reserve, about 400 kM
from Duri) can be opted, along side with the more detailed
study of the Natuna gas pipeline system.

The prefeasibility report (1) indicated an availability
of appropriate site for the HTRs on the east bank of the Du-
ri field. This assumption shall be the first to be verified
in the next activity.

There are efforts to encourage private companies to
build and operate the HTR for producing the steam to be sold
to Pertamina with the maxiumum price the same as the conven-
tional one. Although the present study shows discouraging
results, there.is still possibility that the development of
the HTR as well as the future oil price change will lead to
a favourable condition.
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Another alternative is to seek a sponsorship of a
demonstration HTR unit to be constructed in the Duri oil
field, subsidized appropriately by the Government in the be-
ginning, and to sell the steam and electricity to the oil
operator company. This second alternative may still be at-
tractive if Indonesia is given the opportunity to gain and
absorp the technology so that stronger industrial structure
as well as more interdependency of the domestic industries,
especially within and among regions for industrial growing
centres in Sumatra island can be resulted. The fuel research
leading to production of the fuel element of HTR will be in-
tensified if the introduction of HTR is confirmed.

8• Concluding Remarks

The nuclear solutic/n in the Markal study concludes that
the cost of HTRs introduction is considerably high, but it
equals to the cost of the reduced oil use policy itself. It
confirms the previous thought that when oil price rises the
solution appears. Then it depends on us, on how the Govern-
ment will fare her own natural resources: shall a resources
depletion cost be apllied and how high. Or shall the conser-
vation consideration be weighted into the determination of
lower discount rate?

Sumatra is endowed with natural energy sources, but it
has also to provide ample energy to the nation as a whole.
The HTRs introduction for Duri oil field can favour the
development of the region for industrial growing centers in
Sumatra island, including the prolongation of source life-
time as well as the increase of electricity supply. Mean-
while the technological aspects of HTRs shall be thoroughly
studied, in the harmony with other national and regional pro-
jects.
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