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Abstract 

General design requirement pertinent to the applied oil 
field is presented. Economic calculation of MTRs application 
in the enhanced oil recovery was pe-formed. It includes the 
consideration of the current structure as practised so far 
in the oil industry in Indciesia. Sensitivity studies were 
done to enlighten the influence of uncertainties related to 
the HTRs, i.e. capital costs, oil prices, depreciations, 
investment credits, domestic obligation, financing t»rms. 

1. Introduction 
In 1987 a prefeasibility study of the application of HTR in 

Indonesia, namely for the heavy oil recovery in the Duri oil 
field, was completed. The result was discussed in the Seminar, 
and was later reported to the Indonesian Government tl) (2). The 
study was performed under the cooperation between KWU, INTER ATOM, 
of the Federal Republic of Germany and BATAN, BPPT, MIGAS, LEMI-
GAS. PERTANINA of Indonesia. 

From the Duri steam flood requirement 4 units of 4 HTR 200-
MWt modules were exercised and attractive results were obtained. 
Various advantages, economic and technological, on the use of the 
nuclear steam supply systems over conventional crude-burninj, ones 
were identified. Sensitivity study over certain parameters was 
also performed, such as over oil prices, escalation, exchange 
rates. Later an economic study cf only one unit of 4 HTR 200-MWt 
module introduction, resulting in similar attractive results, was 

j* also presented by KVU. 

Whilst uncertainties associated with assumptions still huvt-
to be verified through a comprehensive feasibility study, SOUP 
issues are hindering the decision to proceed. Among these arc 
short term practice of oil production sharing contracts, ac'i l 
low oil price, optimistic view on the availability of other 
energy resources, institutional and safety aspects (3). 

In the study, the HTR-Hodules of Interntom/KWU design ware 
chosen as the power source, of which technical and economic data 
were provided by these companies. Figure 1.1. One plant unit 
consists of four HTR-Modules of 200 MWt, one back-pressure turbo
generator, giving electricity (76 MWe net) and process steam 175 
bar, 320 oC, 260 kg/s). The requirement on the capability to 
handle partial loads of steam and electricity should be taken 
into account. In the normal operation of steam flooding, the 
steam load is continuous by the months, whereas th» electricity 
load can very diurnally (especially if the excess elect:icity it 

be sold to households or other users). 
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FIG. 1.1 HTR 4-module (Dun oilfield study lor the co-generation of electric power and injection fleam 
with backpressure turbine) 



An alternative thermal scheme, which (tinUined steam conver
ters, was also foreseen and elaborated. In this scheme the elec
tricity load change may influence the steam production different
ly, but for sure the water treatment plant can be simplified. 
Other consideration on the thermal set me is, when the reserve 
will be fully depleted the nuclear plants may be converted from 
a cogenerative to a full condensing power station. 

To the present time further exercises have been executed on 
the sensitivity analyses of economic issues, namely the crude 
sale price, the burned crude price, the escalation rate, the 
electricity sale price, the capital cost, financing term, con
struction time reactor lifetime. The influence of the income 
structure usually applied to the production sharing contract was 
also reviewed as compared to the one assumed in the previous 
study. In this paper, some results of the latest calculation are 
presented. 

2. General Design Requirement 
The Duri Oil field is located in Riau province, Sumatera 

Island, and is operated by PT. Caltex Pacific Indonesia. It 
covers a productive area of 30,000 acres and has original oil in 
place (OOIP) of 7.1 billion stock-tank barrels. The current oil 
production is 60,000 barrels perday and the cumulative production 
is about 5.5 X, of its OOIP. Due to the very high viscosity, the 
ultimate oil recovery under natural depletion is very low, ap
proximately 11 X of the OOIP. To enhance the recovery of the Duri 
crude, a steam flood project is currently implemented. 

The viscosity of the Duri crude is 120 cP at a reservoir 
temperature of 100 F. The crude gravity is about 22 API and the 
oil is accumulated in sandstone formations at a range of depths 
from 350 to 800 ft. The reservoir pressure ranges from 160 to 250 
psi. The steam quality required in the bottom of injection well 
is 0.75 at about 400 F operating temperature and 400 psi pressure 

A study for steam flood project development indicated that 
dividing the Duri field into 19 project areas, Figure 2.1., the 
project will require about 8000 additional wells with project 
life of more than 40 years, with an expected increase of produc
tion to a level of 300,000 barrels oil perday in 1990. When it is 
fully materialized the Duri steam flood project will be the big
gest project of its kind. 

In case of using oil-fired steam generators approximately 
5500 ton/hr steam will be required, Figure 2.2. consuming 2000 
barrels of oil perhour, which is approximately 20 X of the pro
duced crude, Figure 2.3. The electricity requirement, as shown in 
Figure 2.4 is mainly for the crude lifting pumps, water treat.ment 
and gathering stations. Surface facility plan is based on a de
centralized system of steam generator station. 
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FIG 2 1 The Duri field: lloodable and potential area 
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llecauso of the alternating steam requirement over the yiMirs, 
only a part of the total steam requirement could he supplied fron 
(he HTRs at its maximum availability. One of the alternatives is 
to apply 4 units of 4 HTR modules, which fits to one of the pro
bable field development Hi-cnnrio, the KO called CMMP 1A. 

To implement the use of HTR modules, about 40,000 m2 plant 
area would be needed. No subsoil explorations to determine the 
subsoil conditions have been performed. The oil field li«*s at the 
eastern periphery of a large mangrove swamp extendi ng about 20 
km from north to south. The boundaries of the swamp a•thin the 
oil field area coincide almost exactly with the edges in the 
north, east and south. The quarternary deposit and sedimentary 
rocks underlying the swamp rise to the surface at these edges. Of 
these areas, only the eastern flank of the oil field may look 
suitable, These sites, which are locnted outside the oil field, 
are likely excluded from the possibility of the subsidence caused 
by the oil extraction in the sediments. 

The outcropping sedimentary rocks are composed of soft sand
stone, limestone and conglomerate, the soils consist of silts, 
silty fine sands and clays. The thickness of the mangrove swamp 
in the oil field probably varies to a great extent ranges from 6 
m to 12 m, 

Without the need for substantial additional measures ade
quate shallow foundations can be provided for the conventional 
structures.at these sites under static loading condition. With no 
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FIG.2 4 Electricity requirement, case 1A. 



£ soil iaproveaent, the .oil bearing capacity is estimated to he 5 
k^/cmZ. Whether additional foundation measures for seismic events 
are required to strengthen the foundation it will depend on the 
Magnitude of the seismic, criteria proposed. No data or informa
tion was obtained on this topic. 

Jn contrary to the development plan with oil fired steam 
generators, the development plan with HTR-Modules is based on 
centralized systea supplying each Project Area with steam and 
electricity froa the HTR-Module location to the delivery points 
in the supplied Project Areas. Delivery points in this relation 
•re the steam station in • Droject Area in area plot plan with 
oil fired steaa generator. 

Due to time dependent development of the field, there are 
years where steam is supplied only to the northern or to the 
southern areas. Therefore a location of the HTR-Module plant in 
the aiddle of the eastern flank of the field is favourable. The 
steaa distribution piping froa the HTR-Module to the delivery 
points in different time. 

As the pressure at the well heads is defined by the oil re
servoir consideration, the inlet pressure into the steam grid de
cides the total available pressure drop. Beside this, the inlet 
pressure influences pipe diameter, wall thickness, condensate 
foraation and power consumption of steam generator feed water 
pumps. The cost of the steam pipe decreases with increasing pres
sure, thus the inlet pressure of the piping steam has a conside
rable influence on investmert and operating cost. Based on this 
consideration the steam pipi*s are designed to the 75 bar outlet 
pressure from the plant, which is higher than the design pressure 
of the distribution system in the Project Areas.Therefore a pres
sure control system has to be planned. 

A water treatment plant has to be built to supply the total 
water requirement by the HTR steam generating system. The avail
able raw water is mainly the production water of Duri oil field. 
The raw water has to be treated to the quality determined by the 
steam generating system. Preparation of demineralized water with 
reverse osaosis from Ouri production water for direct steam 
generating system is chosen. This water treatment method is a 
physical one which is more environmentally acceptable and re
quires relatively lower investment cost compared to other me
thods. The design capacity of the water preparation Plants have 
been set to 1000 ton/hour of treated feedwater corresponding to 
the required injection steam of 4 X 4 HTR-Modules. This aaount 
includes the necessary internal water consumption for washing and 
flushing. 

3. The Income Structure 
At present the arrangement of income structure between the 

oil contractor and the Oil State Enterprise is set in a produc

tion-sharing contract. It is assuired that the arrangement will be 
maintained for the remaining life time of Duri Steam Flood pro
ject . 

In the Study the income structure had been simplified as 
depicted in Figure 3.1. The contractor-company earns 12% shar,; of 
the "resources generated", whereas the rest 88X should come into 
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t h _- corporate tax (45X), tax on interests, dividends and ro-
y>lt»es (11X) and the government share (32X). The "resources 
generated" was defined as the crude sales substracted by the 
operating cost (fixed • variable • depreciation) and the finan
cial coat. For the cash flow evaluation the "net-cash-flow" was 
defined as the difference between the total sales and the cash 
out-flow, not including the shares of the company and of the 
state oil enter-prise in the cash out-Dow. This resulted that 
the net-cash-flow can be calculated as a usual substraction: 

(sales) - (operating cost + financial cost •* repayment + tax) 

On the other hand, the economic evaluation normally perfor
med in the Indonesian oil industry to assess the feasibility of a 
production-sharing undertaking utilizes a more complex scheme, as 
shown in Figure 3.2. It includes other terms, such as domestic 
obligation as well as incentives, which in practice are negoti
able in terms of the value itself. 

In such a scheme * ho gross revenue coming from the crude 
sales is balanced against the recovery cost, which includes also 
incentive to the utilization of advanced technology. By the 
application of HTRs on the field the excess electricity is a by
product which, if absorbed, can be valued as an addition to the 
gross revenue or as a negative component to the operating cost. 

The depreciation compone.it in the scheme shall be calculated 
with the double-declining balance for three years then followed 
by the straight-line for the remaining four years. Another incen
tive is a bonus to the company (the so called investment credit) 
for capital repayment, which can amount to 20X of the invested 
capital. These advantages which the company can enjoy vill not 
avail if the recovery cost term exceeds the revenue, .>~cially 
in the first years after a large investment. 

Further, the "domestic market obligation" (DMO) binds the 
company to share 25% of 0,27 the lifted crude to the Government, 
which in turn will pay only a small fraction of a dollar per 
barrel as an adjustment. In this scheme the net contractor share 
will be 44% of taxable income, or 44X out of: 

0.27 (sale - cost recovery) • investment credit 
- net domestic obligation 

The net-cash-flow is then calculated as: 
the net contractor share + depreciation - invested capital. 

This definition gives detail differences compared to the 
simplified scheme, where discrepancies are relatively small in 
the total government take, but may turn substantial in the com
pany's part. Since the investment credit bears a negotiable 
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nature, in this calculation it is taken to be the same as regu
lar repayment amount. The depreciation is counted by a straight-
Hne only, to simplify. It looks quite obvious, though, that the 
capital-intensive nature makes the HTR introduction difficult to 
coapete even without the additional premium and with using only 
straight-line depreciation. 

4. Economic Evaluation 
Since the capital cost of HTRs is very high compared to the 

one of crude-burning steam generators, the question of who shall 
invest additionally is thought in two possible answers. First is 
the oil contractor itself to become the operator of the HTRs. The 
second is a "utility" company being the producer of fteam and 
electricity. 

In the first scheme, tho oil contractor takes care of the 
additional investment to the running EOR project and adjust the 
HTRs introduction schedule to match already optimized oil produc
tion schedule. The contractor could also optimize the oil produc
tion schedule to obtain the full advantages of the use of HTRs. 

This implies that if the production schedule is not opti
mized to HTR utilisation, i.e. with large load variation as in 
the studied case, then a large number of conventional steam 
generators still contributes to the expenses. On the other hand 
if the production schedule was optimized to the HTR utilization, 
the production life-time of the field might extend and require 
•ore number of HTRs. 

Further to be verified is the excess of electricity produc
tion coming from the 4 X 4 modules. TNe calculations assumed that 
the excess of about 1600 Gwh/y electricity can be absorbed out
side the field by the oil production complex or the local elec
tric grid. Furthermore, in later years when the oil reserves 
deplete the remaining cogenerative HTRs should be modified for 
the mere production of electricity. 

In the second scheme a utility company, independent to the 
oil-producing operator-company, shall provide steam and electri
city to the oil company with an agreed schedule. This utility 
company shall optimize its own HTR system and be able to sell the 
excess electricity to the electrical grid, and shall therefore 
have a different income structure as compared to the production 
sharing contract parties. To illustrate this second scheme calcu
lations were performed on the introduction of one unit of 4 HTR-
Modules, in which a fixed selling price of process steam and 
electricity were assumed. 

The cost of one unit of four HTR modules plus the turbo-ge
nerator is assumed to be 750 million dollars of 1987. This amount 
excludes water treatment plant, common facilities and distribu

tion piping. Sensitivity to the increase of 50X has boen 
considered. The construction is to start in 1990 and takes 4 
to 5 years to finish one unit. 

The nuclear fuel cost has been taken to be 36 mills/kWth, as 
the maintenance and insurance costs have been taken respectively 
1.5% and 0.7X of investment per year. The chemicals for water 
treatment and expenses for the staff are estimated to 3.6 million 
dollars per year. The physical lifetime of the HTRs is taken as 
30 years, but the economic one 20 years. All ether systems are 
depreciated in 6 years in the straight-Iine way. 

The financing arrangement is assumed to consist of 65% - 85% 
export credit and 15% - 35% commercial loans for the HTRs as well 
as the water treatment plant, whereas for other systems 100% com
mercial loan* have been assumed. All the loans are paid twice a 
year with the interest rate of 8% per year. 

When the first result of the Prefoasibi1ity Study was pre
sented, the initial question was how to fare the burned crude. 
Although local crude produced in other wells within the contrac
tor's field could be burned, which can menu to fare the crude for 
only the production cost, such practice will hurt the government 
income in the production sharing arrangement. Therefore thi& pos
sible price is taken for comparison. 

The following figures show the results of sensitivity cal
culations, which are based on oil price of 16 USS/bbl (198HI with 
real escalation of Z % /y, 30 years lifetime as reference. 
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FIG 4 1 Unit cost 4X4 HTRs vs. conventional power plants 
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For a source of low pressure ( < 30 ata) and low temperature 

( < 250 C) steam, an HTR can easily comply the requirement. But 
the electric load variations coming from the production field as 
well as the ones coming from the oil industry, lighting and 
households shall be overcome without disturbing the steam conti
nuity . 

The flexibility in plant layout shall accomodate the future 
conversion of back-pressure turbo-generator unit to the conden
sing one, in case the plant shall be utilized for mere electri
city production at the time when the steam flooding ceases. 

The crude selling price represents the most dominant factor 
in the economic calculation of HTR application. The present oil 
price situation and its declining tendency do not support the 
profitability of this nuclear alternative. Further, if the burned 
crude has the price of the well-head cost and the electricity 
consumption is provided by the field associated gas or by the 
crude in the same manner, it is very difficult for any other 
energy source to compete. 

As a large capital is involved certain premiums given to 
the oil contractor shall be prearranged and the crude production 
scenario be optimized to make the nuclear alternative interes-



ting. The efforts to lower the capital cost and to extend the 
life time of the nuclear reactor are obviously general remedy to 
be taken. 

The scheme of having an independent utility company to 
supply the nuclear heat and electricity aay be sound if the 
burden of financing can be overcome, since a long negative cash
flow will involve. Furthermore the selling price of heat and of 
electricity Mill fully determine the feasibility. To incorporate 
the nuclear power plant inside the oil contractor company can re
lieve the burden of long negative cashflow. But this scheme shall 
involve a long term commitment froa the company. 
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