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ABSTRACT

Power generation is an industry which is likely to have an adverse impact on the
environment. It is, therefore, necessary to exercise careful environmental
management in order to reduce any negative impact. Although geothermal energy
is considered a “green energy source”, its exploration and exploitation will cause
land disturbances, noise, thermal pollution and the release of geothermal gases. By
careful environmental management during design, construction and the operation
of geothermal power facilities, negative impacts can be minimized. At the
Kamojang geothermal field in Indonesia a power plant has been in operation since
1982 producing 140 MWe. The operator of the steam supply system, PT
Pertamina, has drilled 76 deep wells to provide 1,100 tons/hour of steam for power
production. In 2002 the management of Pertamina adopted a new environmental
management system for all its operations at Kamojang geothermal field, which has
been certified in accordance with the international ISO 14001 environmental
standards. The ISO 14001 certificate has been renewed annually after the
management system was audited by an external examiner. ISO 14001 requires that
all potential environmental hazards which may arise from the operation be
identified and documented. @ A thorough monitoring program has to be
implemented and documented, including production of geothermal steam and
fluids as well as waste condensed water and gases from the power plant. The
application of the ISO 14001 environmental management system has proven to be
a useful tool for improving management of the geothermal resource at Kamojang.

1. INTRODUCTION

The Kamojang geothermal field is located in West Java (Indonesia), in the Ibun sub-province of
Bandung Province. It is about 40 km southeast of the province capital Bandung. Geothermal
exploration in the Kamojang geothermal field was initiated by Pertamina in 1976. The exploration led
to the exploitation of the Kamojang geothermal system, the first geothermal power plant in Indonesia.
Unit I with 30 MWe started producing in 1982, and was followed by units II and III in 1987, each with
a capacity of 55 MWe, bringing the total capacity of the Kamojang Power Plant to 140 MWe.

209



Moeljanto 210 Report 11

The national oil company, Pertamina, operates the field and produces about 1,100 tons/hour of dry
steam for the production of 140 MWe at the Kamojang Power Plant, which is operated by PT
Indonesia Power. The condensed steam is re-injected into the geothermal system by Pertamina. The
third company at Kamojang is PT. PLN, which distributes and markets the electricity.

In its effort to minimize the environmental impact of the geothermal utilization, Pertamina is
following the Environmental Management System of ISO 14001, which is a tool for managing the
environmental impact of a geothermal operation, in the planning, design and operation of the
geothermal field. On 10™ December, 2002 Pertamina’s geothermal operation Kamojang received an
international certificate for ISO 14001 environmental management.

In this report a brief description of the environmental impact of a geothermal operation is given, the
environmental management at Kamojang is discussed and data concerning the environmental
monitoring is presented.

2. GEOLOGY AND PRODUCTION FACILITIES IN KAMOJANG GEOTHERMAL FIELD
2.1 Field geology

The Kamojang geothermal field (Figure 1) is located in the western part of the Java Island, Indonesia,
about 42 km south-southeast of the west Java province capital city Bandung. The field is
geographically situated between 07°11°02”-07°06°08” South latitude and 107°44°36”-107°49°30” East
longitude. Topographic elevation ranges from 1,400 to 1,800 m above sea level.

The main production zone in the geothermal reservoir is from fractured andesites ranging in depth
from 700 to 1,200 m. In 1926, five wells were drilled ranging between 18.5 and 130 m in depth. Well
3 is still discharging with a temperature of 130°C and 12.4 tons/hr of steam. Pertamina has drilled 76
wells with bottom hole temperatures ranging from 115 to 245°C. The pressure and temperature logs
indicate a typical convecting vapour-dominated geothermal system. The pressure and temperature
increase linearly down to the top of the steam zone. At greater depths they increase slowly
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FIGURE 1: The Kamojang geothermal field with location of boreholes and pipelines
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(Sumintadireja et al., 2000). Figure 1 shows the Kamojang geothermal field, with boreholes, major
pipelines and the location of the power plant.

The geometry of Kamojang reservoir is the result of complex interactions of active volcano-tectonic
processes, older stratigraphy, and structure. Generally the caprock is 500-600 m thick but seems to be
only 200-300 m thick towards the northern and eastern parts (Figure 2). This caprock consists of
prophylitic altered volcanic rock. The productive geothermal reservoir, which usually has high
porosity, high permeability, high temperature, and adequate size with sufficient fluid, is located
between 600 and 2,000 m in depth. The reservoir consists of strongly altered andesitic rocks and some
volcanic pyroclastics. Permeability is produced by structural events such as faults, joints and fractures
or by stratigraphic characteristics such as intergranular porosity in lapili (Sumintadireja et al., 2000;
Utami, 2000).
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FIGURE 2: Reservoir model

2.2 Production facilities

The exploited part of the Kamojang geothermal field can be divided into four sub-fields, depending on
which of the four main pipelines from the field to the power plant each borehole is connected to, i.e.
PL-401, PL-402, PL-403 and PL-404 (Figure 1). Pertamina is responsible for the production of steam,
and delivers it to PT Indonesia Power, the operator of the power plant, at a header before the steam is
distributed to each of the power plants. Pressure fluctuations are controlled by a venting system. Each
of the main pipelines is operated without the possibility of compensating production decline in one
sub-area with another. This has limited the ability to keep the flow rate constant with declining
production. A schematic drawing and description of the Kamojang power plant is in Appendix I.

2.3 Production history

Production in the Kamojang field started in early 1983 with an installed capacity of 30 MWe. About
240 tons/hr of steam is produced for unit I through 6 production wells. In September 1987, 2
additional turbines, each 55 MWe (unit II and III) were put into operation to utilize steam from 20
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additional wells. The total electric generating capacity of the Kamojang field is now about 140 MWe.
About 1,100 tons/hour of steam is produced to feed the power plant. The mass output of steam has
declined with time but constant power output has been maintained by lowering operational wellhead
pressure. Wellhead pressure in shut-in wells is about 33 bar-g and the pipeline operational pressure is
about 7-8 bar-g. From 1976 to the present, some 76 wells have been drilled in the Kamojang field
(Sasradipoera et al., 2000). Production of additional 60 MWe is planned in 2006, increasing the total
capacity to about 200 MWe.

2.4 Reinjection wells

Three deep unproduc-
tive wells, situated in
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the centre of the field,
have been used as
injection wells. At
first, injection wells
KMJ-15, 21 and 32
were used for con-
densed steam from the
power plant (Figure 3).
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FIGURE 3: Production and reinjection pipelines

3. ENVIRONMENTAL IMPACT OF GEOTHERMAL UTILIZATION

During the initial geothermal exploration stages, the impact on the environment is slight, mainly
caused by the construction of access tracks for geochemical and geophysical measurements. If wells
are drilled, access roads and drill pads need to be constructed influencing the landscape, noise is
emitted from the drilling operation and cooling water has to be piped to the drilling site. With the
exploitation phase, a number of new impacts on the physical environment become important. Natural
geothermal features may decrease or increase in activity, the local climate may be affected, large
volumes of cooling water may contribute to thermal pollution of local waterways and some areas of
land may be subject to subsidence (Armannsson, 2004).

3.1 The landscape

In general, the area required for geothermal development is a function of the power output of
development, the types of countryside and the properties of the reservoir. Land is required for drill
pads, access roads, steam lines, power plant and transmission line (Brown, 1995).



Report 11 213 Moeljanto

3.2 Noise

Noise is one of the most ubiquitous disturbances to the environment from geothermal development —
particularly during the construction and operation phases. Noise intensity is usually measured in
decibels (dB(A)). The human ear is a remarkably sensitive device which can detect sound intensities
as low as 10"% W/m® with the threshold of pain occurring at 10 W/m®. This gives 13 orders of
magnitude (or Bels) as the human response range, or 130 dB(A). This approximates equal subjective
“loudness* for a particular noise intensity at different frequencies (Brown, 1995). Table 1 shows
typical noise level for familiar sounds.

TABLE 1: Typical noise level descriptions

dB (A) Familiar sounds Average subjective description
130 Jet takeoff at 60 m Intolerable
125 Geothermal well discharge

120 Threshold of pain at 1000 Hz

110 Drilling with air 8 m Very noisy
100 Unmuffled diesel truck at 15 m

95 Loud motorcycle at 15 m

90 Well vented to rock muffler

85 Bleed line not muffled Noisy

80 Mud drilling

75 Street corner in large city

70 Outside generator building 8 m

65 Normal speech at 3 m Quiet

40 Residential area at night

25 Broadcasting studio Very quiet
0 Threshold of hearing

3.3 Airborne contaminants

Geothermal power plants have sulphur-emission rates that range from zero to a very small fraction of
the emissions. Hydrogen sulphide (H,S) is the source of sulphur emission that is commonly found in
geothermal steam. Geothermal plants emit no NOx, the small amount of ammonia that may be found
in geothermal resources is oxidized to nitrogen and water and the pressures of combustion are avoided.
Emission of CO; is extremely low, the geothermal power plant emission of CO, ranges from zero for a
binary plant to 0.48 kg per megawatt-hour of electricity produced from new flash-technology plants
(Brown, 1995). Although the emission is relatively low, all emissions must be accounted for under the
ISO 14001.

3.4 Subsidence

During production from a geothermal system, a large pressure drop can occur in the reservoir.
Withdrawal of fluid from any type of underground reservoir will normally result in the reduction of
pressure in the formation pores which can lead to subsidence. Subsidence has been observed in
groundwater reservoirs as well as in geothermal reservoirs. The subsidence has a number of
implications for geothermal power production and also for its effect on the surrounding countryside.
The area of subsidence corresponds to the area of fluid withdrawal and lowered reservoir pressure, for
example at The Geysers and Broadlands geothermal fields. At Wairakei and at Cerro Prieto, however,
the area of maximum subsidence is offset from the production area (Brown, 1995).
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3.5 Vegetation and wildlife

The impact on vegetation and wildlife is mainly due to land use during geothermal development.
During drilling and power plant operation the land is disturbed or changed to accommodate other use;
natural habitats for wildlife and plants may be destroyed or altered. This kind of impact cannot be
prevented, but with careful project planning, direct-heat facilities may be sited to avoid unusual or
unique habitats and critical habitats for endangered species.

3.6 Fluid composition

The mass flowrate from geothermal wells is usually in the range of 5-100 kg/s. The mass produced
can either be single-phase liquid water, dry steam or a mixture of both. The discharge also contains
some dissolved solids (100-50,000 ppm) and non-condensable gasses (NCG), usually less than 2 % of
the mass produced.

The main potential pollutants in the liquid effluent are: hydrogen sulphide (H,S), carbon dioxide
(CO,), arsenic (As), boron (B), mercury (Hg), and trace metals (e.g. lead (Pb) and cadmium (Cd))
(Armannsson and Kristmannsdottir, 1992).

One of the main effects of geothermal exploitation on the environment is the emission of gases with
geothermal steam. In vapour-dominated fields in which all waste fluids are reinjected, non-
condensable gases in steam will be the most important discharge from an environmental perspective.
The emission is mainly from the gas ejectors of the power station, often discharged through a cooling
tower. Gas and particulate discharges during well drilling, bleeding, clean-outs and testing and from
line valves and waste bore water degassing, are usually insignificant. The concentration of NCG
varies not only between fields but also from well to well within a field, thus changes in the proportion
of steam from different wells may cause changes in the amounts of NCG discharged (Gislason, 2000).

Carbon dioxide. Carbon dioxide frequently occurs in geothermal fluids, especially in high-
temperature systems. Carbon dioxide is often the most abundant NCG. A 5% concentration in the air
can result in shortness of breath, dizziness, and mental confusion. At 10% a person will normally lose
consciousness and quickly be asphyxiated.

Hydrogen sulphide. H,S is characterised by a rotten egg odour, detectable by humans at a very low
concentration of about 0.3 ppm. At such concentration it is primarily a nuisance, but as the
concentration increases, it may irritate and injure the eye (10 ppm), the membranes of the upper
respiratory tracts (50-100 ppm), and lead to loss of smell (150 ppm). At a concentration of about 700
ppm, it is fatal. The impacts of H,S discharge will depend on local topography, wind pattern and land
use. The gas can be highly toxic, causing eye irritation and respiratory damage in human and animals,
and has an unpleasant odour (Huang, 2001).

4. ENVIRONMENTAL POLICY OF PERTAMINA
4.1 Introduction

The environmental policy is the driver for implementing and improving the organization’s
environmental management system so that it can maintain and potentially improve its performance.
The policy should therefore reflect the commitment of top management to comply with applicable
laws and continual improvement. The policy forms the basis upon which the organization sets its
objectives and targets. The policy should be sufficiently clear to be understood by internal and
external interested parties and should be periodically reviewed and revised to reflect changing
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conditions and information. Its area application should be clearly identifiable. The organization’s top
management should define and document its environmental policy within the context of the
environmental policy of any broader corporate body, if there is one.

In order to meet the above requirements, the Pertamina Kamojang company adopted a new
environmental policy in the year 2002, and decided to take up an environmental management system
certified by the ISO 14001 international standard. In December 2002 the first certificate was issued.
This policy applies for all sector of activity of company business and its activity partners.

4.2 Environmental Management System of ISO 14001
4.2.1 General

Since 2002 Pertamina adopted the ISO 14001 Environmental Management System (EMS) in order to
manage and to minimize the environmental impact of its geothermal steam supply operation at the
Kamojang geothermal field. The environmental management is integrated with other management
operations at Kamojang, with the aim to (Pertamina, 2003a):

o Assure that the facilities of Pertamina at the Kamojang geothermal project have been designed,
operated and maintained in accordance with environmental requirements and to fulfil laws and
regulations.

e Prevent and lessen possibilities of contamination from the steam supply operation, including
influence on human population, facilities and equipment, and the work environment.

o Ensure that the steam supply is efficient at the same time as it is in harmony with the environment.

The aim of the EMS is to give guidelines and instruction for all functions of the geothermal operation
of Pertamina in order to ensure that the negative impact on the environment is minimal. In 2002 the
first certificate was issued to confirm that Pertamina has established and applied an environmental
management system in accordance with ISO 14001. In Appendix Il is a copy of the latest certificate,
valid till December 2005.

. Environmental policy
4.2.2 Environmental Management System of ISO 14001
requirements l
. . . Planning
ISO 14001 EMS involves all aspects of Pertamina’s operation at
Kamojang as is set forward in the company environmental policy l
(Figure 4): Implementation and
aperatmn
1.  Planning
e Environmental aspects l
e Legal and other requirements Checking correction action
e Objective and targets l
e Environmental management programmes
2.  Implementation and operation Management review
e Structure and responsibility
e Training, awareness and competence : \
e Communication Continual improvement
e Environmental management system documentation

FIGURE 4 : EMS of
ISO 14001
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3.  Checking and corrective action
e Monitoring and measurement
e Non-conformance and corrective and preventive action
e Records
e Environmental management system audit
4. Management review

Planning:

Environmental aspect. The organization shall establish and maintain procedures to identify the
environmental aspects of its activities, products, or services that it controls and over which it can be
expected to have influence, in order to determine those which have or can have significant impacts
on the environmental.

Legal and other requirements. The organization shall establish and maintain a procedure to identify
and have access to legal and other requirements to which the organization subscribes.

Objective and targets. The organization shall establish and maintain documented environmental
objectives and targets, at each relevant function and level within the organization.

Environmental management programmes. The objectives shall establish and maintain a programme
for achieving its objectives and target.

Implementation and operation:

Structure and responsibility. Roles, responsibilities and authorities shall be defined, documented and
communicated in order to facilitate effective environmental management.

Training, awareness and competence. The organization shall identify training needs. It shall require
that all personnel, whose work may create a significant impact upon the environment, have
received appropriate training.

Communication. The management system shall establish and maintain procedures for receiving,
documenting and responding to relevant communication, internal or external.

Environmental management system documentation. The organization shall establish and maintain
information to describe the core elements of the management system and their interaction and
provide direction to related documentation.

Document control. ~ The organization shall establish procedures controlling all documents.
Documentation shall be legible, dated and readily identifiable, maintained in an orderly manner and
retained for a specified period.

Operational control. The organization shall identify those operations and activities that are associated
with the identified significant environmental aspects in line with its policy, objectives and targets.

Emergency preparedness and response. The organization shall review and revise, where necessary, its
emergency preparedness and response procedure, after the occurrence of accidents or emergency
situations.

Checking and corrective action:

Monitoring and measurement. The organization shall establish and maintain documented procedures
to monitor and measure, on a regular basis, the key characteristic of its operations and activities
that can have a significant impact on the environment.

Non-conformance and corrective and preventive action. The organization shall establish and maintain
procedures for defining responsibility and authority for handling and investigating non-
conformance, taking action to mitigate any impacts caused, and for initiating and completing
corrective and preventive action.

Records. The organization shall establish and maintain procedures for the identification, maintenance
and disposition of environmental records.

Environmental management system audit. The organization shall establish and maintain a programme
and procedures for periodic environmental management system audits to be carried out.
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Management review:
The organization’s top management shall, at intervals that it determines, review the environmental

management system, to ensure its continuing suitability, adequacy and effectiveness.
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management review shall address the possible need for changes to policy, objectives and other
elements of the environmental management system, in light of the environmental management system

audit results, changing circumstances and the commitment to continual improvement.

4.2.3 Identification aspect

In applying EMS ISO 14001 all departments have identified the potential environmental hazards in its
operation, and possible mitigating actions recommended. The result of this work forms the bases of
the environmental management at Kamojang, and is presented in Table 2. A detailed description of
the Environmental Programme Management is given in Appendix III.

TABLE 2: Identification of environmental aspects
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B2 |TF-3E W aste qas emission - Contamination of air 10 1 1] 10 1 23 F
B3 |TP-3C Mloize - Influencing comfart wls[1]0]& il F
64 |TF-4 Diepositary for ofi of workshop. |+ 400 rfm | swampy Forest of olie. s 2lrfm | Contam. of landground & water 8 5 [1Jwofs 26 F
EE P-! DClepositany of furlin Cikaro +12m3ty  |Fuel cil swampy Forest +E00trfy | Contam. of landground & water 5 5 [1Jwo[& 2B F
BE P- Fielocation of ex oli. +1.000 Irfy | swampy Forest of olie. +100trfy | Contam. of landground & water [ 5§ (106§ 26 F
8. ELECTRICITY
&7 |LIST-1 [Conservancy of electrics Heaping of electrics material Influencing of storage ares [ I A T E] TF
B2 [LIST-2 | Replacement of bulb. +1m3ty  [Heaping of bulb and danger. & poison| +1m3fy | Cont of danger. and poison. Mat.| 10 [ 0 | 1] 10 | 10 41 F
B9 |LIST-2.4 | Qperation of GEMSET. 176 KYA | swampy Forest of oliz and Fusl diezel 2100ty [ Contam. of landground & water wls1]10]1 27 P
70 |LIST-3E waste gas emission - Contamination of air 5 11 1]m] 13 F
71 |LIST-3C Maize Influencing comfart g 1 1] 1 1 12 P
9. INFORMATION TECHNOLOGY
72 [IFk-1 Conservancy of telephane [ +Bkm__ |Heaping of ex material [ +2km [eontamination of landground [ s 10111 1 a TF
10 FIRE AND SAFETY
73 |EL-1A  |Practice Fire Extinguizhing 1times!m |'Waste gaz emizzion - Paotency of contamination of air [ 1 i [1]|]1 14 F
74 |EL-1IE Fuel oil swampy Forest 1lkrdy Fot. of contm. of landground @ [ 10 | 1 [ 1] 0] 1 23 F
75 |KL-2A  [Making of health fringes and| 20pesfy | Swampy Forest paint and thinner 05krfy | Pob of contm. of landground & | & 1 [1] 1 1 E] TF
working safety. water
7B |KL-Z2E Ex-zan 20 posty | Pokency contamination of [ 1111 1 E] TF
77 |EL-3 Fiefilling save estinguisher. 40unitty | Oy powder +300kafy  [Pokency contamination of [ 1 [1]1 1 E] TF
78 |KL-4 Fire Extinguishing. - waste gas emission - Fotency of contamination of air [ & 1 (1] 1 1 E] TF
1. QUALITY AND INPECTION
73 |MO [Radiography inspection [ + 5 paketly [Isotope radiasi | - ['wWaste radio-activityemizsion | 5 | & [1] 0] 1 ] F
20 [MOIL2_ [Inspection Oy Fenetran | 210 paketly [Ex-can discard | +10canfy [Waste tidinezs heap IR 1 ] TF
12, LOGISTIC
21 [PGO-1 | Depository for drilling chermical | + 245 m3fy | swampy Forest of solid and dirt +15m3fy | Contamination of land and air 5 5 (t1]mf1 22 P
g2 |PGO-2 |Dep ry of Fuel 1900 m3ty | Potency Ffuel oil swampy Forest +2m2ly | Contam. of landground & water 5 §|1]@| & 26 F
33 |FGO-3 |Dep ry of lubricant. 217 m3fy [Potency lubricant swampy forest + 0,2 m3ly | Contam. of landground & water [ §l1]m@| & 28 F
24 [PGO- Clperation of Wehicle. 2 30unitdy |'washe gaz emizsion - Cantamination of air 10 3 1] 10 1 27 P
85 |FGEO- +0.3m3fy | Aule journal swampy Forest of olie. 0,03 m3dy | Contam. of landground & water 0 I I I 23 F
86 [PGD- + 180 pesty |Ex-tire 2180 posty | contamination of landground 3 1{1]1 1 k] TP
27 [PGD-E |chemical Distribution Material. | +22m3fy | swampy forest of material chemical +1m¥My | Contam. of landground & water 5 I I I 1 F
88 |PGO-E [The settlement of dizposal of| 100 m3fy |Heaping of scrap waste 00 m3fy | Influencing waste place of scrap ] 1 1 1 1 k] TF
material.
13. HRD
29 [SOM-1 [Service of patient of which| 20 people!m [ Paper dizcard, drug paper. 1m2im [ eontamination of landground 3 1] 1 1 12 TP
medizinizing.
a0 [SDM-2 | Management OF Office & Mess | + 8.000m2 | Diomestic garbage discard and paper | + 2 m3m | eontamination of landground mls]1]1 1 12 P
91 |[SOM-2 [ Sweeping of Floor +4.000mz2 [Uzage of detergen +2Iidm | Contamination of water 10 1]1]1@]1 23 P
32 | SOM-4 Activity of general( + 300 rimfy |Usage of paper + 300rimfy | Reduction of natural resources 0 1111 1 14 TF
92 [SOM-B [Feady of ribbon f eartridge,| + 600 pesfy |['Waste potency of cartridge, tonner,| +BO0 pesfy | Contamination of dangerous and| 10 1)1 0] 23 F
toner, Hoppy disk ribbon poisonous materialses
94 [SOM-E  [Feadyof clean water For office | +4.000 m3dy [ Intake of ground water + 4000 m3fy| Reduction of water resources 10 1181 1 12 TF

5. MONITORING PROGRAMME OF KAMOJANG

In Section 4 the importance of documenting and recording the key characteristics of the operation and
activities at geothermal utilities is discussed. In a geothermal operation as in Kamojang this includes
monitoring the production of steam and fluids from the geothermal reservoir, to measure its chemical
composition, and to record how the steam and fluid are utilized. Monitoring of the discharge of the
various components of the geothermal steam and fluids is of major importance, as these may cause
negative impact on the environment. In accordance with the ISO 14001 all methods and procedures
have to be documented.

In the following sections monitoring data from Kamojang will be used to demonstrate how the
presentation can be reported (Pertamina, 1983-1999).
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5.1 Production

Based on the fluid type conditions at the wellhead we distinguish between two main types of wells,
each divided into two subgroups:

1. Single-phase wells :
e Hot water wells
e Steam wells

2. Two-phase wells

e Liquid water inflow into the well at all feed zones. Liquid inflow in the lower section
of the well and two-phase boiling flow in the upper section. The boundaries between
these two zones are the boiling level in the well. It is defined by the pressure and
temperature conditions in the well during discharge.

e Mixed liquid water and steam inflow at feed zone i.e. the fluid starts to boil in the
reservoir before it enters the well. The well, therefore, contains a flowing mixture of
steam and liquid from the wellhead down to the deepest feed zone.

The equipment used to measure the discharge will depend on what type of well is being tested and the
maximum expected flowrate from the well. The main parameters to be determined besides the mass
flow rate are, the wellhead pressure and the enthalpy of the produced fluid (wellhead temperature for
single phase wells) (Steingrimsson, 2004).

5.1.1 Discharge measurement technique TABLE 3: Amount of steam in
1998 and 1999

The Kamojang field has a dry steam reservoir (single phase)

\ : . ! PL-401 1998-1997 1998-1999
and differential pressure over an orifice is used to measure the [KMJI-11 621,208 557,753
KMJ-14 445,326 613,860
steam flow. KMJ-17 533,054 455,939
KMJ-18 933,208 766,979
Measuring differential pressure over an orifice: ;‘L)_ZS"Z' PL-401 | 2,532,796 2,394,531
The most common flow restrictions in use for measuring |kmJ-24 366,969 170,224
steam flow rates in pipes are orifices, thin metal plates with a [KMJ-25 180,856 82,987
. KMJ-43 182,233 149,920
circular hole through the centre. The formula that relates the |«wy.24 167.174 147,652
flowrate, Q, and the pressure drop over the orifice depends on  |KMJ-51 811,862 674,765
th t design of the orifice. The relation is of the form: it S
e exact design of the orifice. The relation is of the form: TOTAL PL402 | 1,709,004 1.585.294
PL-403
KMJ-22 669,819 612,005
O=K.pAP (1) [«kmuz2s 236,465 238,424
KMJ-31 266,925 239,253
KMJ-33 160,404 139,926
where p = Density of steam; KMJ-34 216,555 169,676
AP _p P the orifice: KMJ-37 555,038 375,117
= Pressure drop over the orifice; KM.-38 162,395 165,488
K = Constant. KMJ-41 508,729 539,897
KMJ-45 171,930 179,249
KMJ-52 341,836 290,450
5.1.2 Production of steam TOTAL PL-403 3,290,007 2,949,484
PL-404
_ , . KMJ-26 415,173 370,812
Each producing well is measured every day and the readings [kmJ-27 486,892 461,139
are calculated to tons per hour. The daily reading is used to |57 P it
calculate the monthly discharge of steam, and thus to |«wJ-36 721,080 680,495
calculate the annual discharge from each well. These [KMJ-40 91,234 111,636
) . : . |Kkmu-42 107,960 157,110
calculations (Ivarsson et al., 2003) are shown in Table 1 in |«wJ.46 238,403 173835
Appendix IV and summarized in Table 3 (Pertmanina, 1998; mjgg 25‘5";23 222'122
1999). Also shown in Table 3 is the total discharge from each |[toTaL praos | 3.429,571 3,227,100
of the sub-areas of the Kamojang field as well as the total [TOTAL 10,961,558 10,156,409
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steam production. The data available in this report covers the period 1998-1999. In Figures 5-8 the
production from each well for the two-year period is shown graphically. Figure 9 presents the total
discharge from the sub-areas.
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FIGURE 5: Amount of steam from wells in PL-401
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FIGURE 7: Amount of steam from wells in PL-403
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FIGURE 9: Amount of steam from PL-401, PL-402, PL-403 and PL-404

The data show that, in general, production decreased from 1998 to 1999. This trend has been a
persistent problem at Kamojang. To maintain the required steam flow, a new well (KMJ-72) was
connected to PL-402 in 1999 (Table 3, Figure 6). The best producers have annual steam production of
0.7-0.9 million tons, with KMJ-18 in sub-field PL-401 being the best overall producer.

5.2 Reinjection

Reinjection of the used fluids back into the geothermal resource has two objectives. By reinjecting the
available fluid, the influence of fluid withdrawal from the reservoir and thus decreasing pressure
drawdown and related influences, is reduced. Secondly by reinjecting the fluid, its negative impact on
vegetation and the atmosphere is reduced. The operator has to account for the difference between the
production and reinjection, i.e. the components which remain in the surface environment.
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5.2.1 Reinjection measurement technique

As the Kamojang reservoir produces only steam, the reinjected water is mainly condensed steam from
the cooling tower. Kamojang field has 3 reinjection wells, KMJ-15, KMJ-21 and KMJ-32, which are
located in the centre of the drill field (Figure 3). The flowrate of the condensed water is measured by
flow meters, available on the market, to determine fluid flow inside pipes. One of these devices is the
tqrbine meter (spinner). It is inserted into Fhe flowing TABLE 4: Amount of reinjected

pipe and the flowrate found from the rotational speed

) water in Kamojan
of the spinner. Jang

L. . Year | KMJ-15 | KMJ-21 | KMJ-32 | TOTAL
5.2.2 Reinjection monitoring (tons) | (tons) | (tons) | (tons)
1983 230 230
The reinjection rate is recorded every day with a 1822 269 289
spinner flow meter. Table 4 shows the annual amount 1986 0
of condensed water reinjected into each of the 3 wells 1987 0
during the period 1983-1998 (Pertamina, 1983-1998). | 1988 484 611 466 1,561
h ducti d reiniect; b d for th 1989 472 722 801 1,995
The production an relnjectlop can be compared for the 1990 546 717 714 1,977
year 1998; then the production was 10,156,409 tons 1991 484 676 841 2,001
(Table 3) but the reinjected water only 687 tons (Table 1992 532 576 758 1,865
4). The difference evaporates in the cooling towers 1993 420 397 red 1,581
- 1he dillerence evaporate: g TOWEIS. | 4994 236 616 590 1,442
The reinjection is an insignificant part of the total 1995 595 586 1,181
steam production. The total reinjected water during the 1996 607 483 1,090
: . . - 1997 488 687 1,175
perlod. 1933-1998 into the three wells is shown in a 1998 47 640 687
graph in Figure 10. TOTAL | 3,673 6,052 7,330 | 17,055
8,000 -
7330
7,000 E—
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6,000 -
0
g 5.000
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FIGURE 10: Amount of water reinjected

5.3 Gas emission

The main components carried with the steam which cause environmental concern are H,S and CO,.
When the steam condenses in the condenser, these gases remain in a gas-phase, so called non-
condensable gases, and are released to the atmosphere. The actual release of the gas is not a part of
the Pertamina operation at Kamojang, but rather of the operator of the power plant. No direct
measurement is available, but the amount of gas can be calculated indirectly by measuring the gas
content in the steam at well-head and in the reinjected water. The total gas released is calculated from
the mass flow and the concentration.
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5.3.1 Gas measurement technique

The main non-condensable gases in the steam are CO, and H,S, and these components are monitored
by regular sampling and analyses. Samples are collected every day from a 10” pipe by the wellhead.
The samples are collected and analysed by a laboratory employee of Pertamina Kamojang. The gas
concentrations are presented as mol gas per 100 mol H,O. The records are kept by the laboratory.
The sampling and analysis are complex and are described in the following section, which is rewritten
from the procedure manual (Pertamina, 1998).

Sampling from high-temperature wells (dry steam)

The collection of representative samples from high-temperature drillholes is a complex procedure
(Arnorsson, 2000; D’Amore et al., 1998). The sample is collected at a sampling valve, near the
wellhead. The hole through which the fluid sample flows should be large enough so as not to become
regularly blocked by deposition, yet small enough for a faulty valve to be replaced without turning off
the flow in the pipeline. A sampling separator is connected to the steam line and kept open for 15
minutes to rinse it out and warm it up. In order to obtain a representative sample, the pressure on the
separator gauge should be comparable to a pressure reading on the steam line itself. After opening the
separator, care must be taken that the pressure does not fall significantly, because a pressure drop will
cause boiling at lower temperatures in the separator and upset the separation of the two phases.

The cooling coil is connected to one C
of the steam outlet valves on the
separator.  The wvalves are kept
closed. The other steam outlet is
opened, and the water and steam
taps closed. The water tap is then
partly opened, and the gas tap
slightly opened so that a mixture of
steam and water will discharge
through the water tap and dry steam
through the steam tap. The dry

steam is barely visible close to the Cooling
steam outlet and is conical in shape. Device

Then the steam outlet, connected A Pressure Gauge

with the cooling coil, is opened but B Sampling Point

the other one closed. Keep it open C Downhole Measurement

for a while to rinse the cooling coil.

During sampling the steam will FIGURE 11: Sampling gas CO, and H,S

condense, but not gases such as
CO,, H,S and H,. The two phases, i.e. condensate and gas, are then collected.

Gas and condensate are collected into two gas sampling flasks, and the condensate into a 100 ml
polyethylene bottle as well. All containers are first thoroughly cleaned with the cooled steam (Figure
11). The two gas flasks are connected by rubber tubing. A short piece of rubber tubing is used to
connect the second glass flask with a measuring cylinder. When sampling, one gas flask is first filled
with condensate, then it is turned upside down and the gas flask expels the condensate into the second
gas flask and finally into the measuring cylinder. During the sampling procedure the fluid temperature
is kept as constant as possible and recorded. Having sampled the gas, the volume of the condensate
sampled with gas is calculated by adding the volumes of condensate in flask and in cylinder, and
subtracting from it the volume of the gas flask. Finally, steam is collected into a concentrated (40%)
NaOH solution in a vacuumed flask. By determining the mass of the vacuumed flask with 40% NaOH
solution (Mo), the mass of the flask after collection of steam (Ms) and the total volume of the sample
and NaoH solution (Vs), we can calculate the ratio according to Equation 2.
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_ (Ms — Mo)

R 2
Vs @
where R = Ratio;
Ms = Weight of steam, NaOH and flask;
Mo = Weight of NaOH and flask.

If the amount of other gases is insignificant, we can calculate the mass-percentage of gas based on the
CO, and H,S analyses in the following way:

CO,(ppm) + H,S(ppm)
10,000

% GAS =

)

Procedure of analysing CO, and H,S

Measurement procedure (steam condensate) for CO, :
1. Extract 1 ml aliquot of the alkaline solution from the gas sampling bulb and pour into a 150 ml
beaker. Add 2-5 drops of hydrogen peroxide, mix well and leave for 1 min.
2. Adjust the pH to 8.30, and add some 1 M HCI solution. When the pH is 9.0-9.5, add 0.1 M HCl
standard solution from a microburette to adjust the pH accurately to 8.3 .
3. Titrate with the 0.1 M HCI standard solution to pH 3.8 (titre A).
4 CO, = (titre A) x 4,400

ml sample

—6.97 ; CO, is the total carbonate in ppm.

Measurement procedure for H,S:

1. Pipette 5 ml of a 5 M NaOH solution and 5 ml of acetone into an Erlenmeyer flask.

2. Add 1-50 ml of sample. If the sample aliquot is < 10 ml, add deionised water to make the total
sample volume about 10 ml.

3. With a glass rod, add a tiny crystal of dithizone. The solution should be very pale yellow and
only one phase.

4. Titrate with the standard Hg(CH3COO), solution to a pink end-point. Record titre.

ml 0.001 M Hg (CH,COO), solution x 34

5. H,S(ppm)= ml sample

If H,S is < 0.3 ppm, it is best to take a 50 ml sample aliquot. If H,S concentration is in the range 0.3-
5.0 ppm, take 10 ml aliquot. If H,S > 5 ppm, it is best to take a sample aliquot of < 10 ml and as little
as 0.05 ml of condensate rich in H,S.

Calculating CO; and H,S

In Pertamina’s records the concentration of CO, and H,S is presented as mol per 100 mol of water, and
to calculate the weight of gases per kg of steam (gr/kg) in the discharge, the following calculations are
performed:

Gasof CO, = mol of CO, x WMof CO, @)
mol of H,0x WM of H,0O
Gas of H,S= mol of H,S x WMof H,S 5)
molof H,0 x WM of H,0
where 1 mol = 1,000 mmol;
1 ppm = 1mg/kg;
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WM = Molecular weight
WM of CO, = 44;
WMofH,S = 34;
WMofH,0O = 18;

Gas monitoring

The amount of CO, and H,S in the steam

Moeljanto

TABLE 5: Content of CO, and H,S gas in wells in

from each borehole (Appendix IV, Table Kamojang
2) has been calculated in this report for the
- : NAME OF| MASS FLOW | CO2 H2S | RATIO | GASIN
year 19_98 and is presented in Table S WELL | (TONS) | (TONS) | (TONS) | C02/H2S|STEAM (%)
(Pertamina, 1998). The sum from each [ PL401 | KMJ17 | 621.208 1,168 158
- PR KMJ-14 | 445326 1,410 114
sub-areg is shown on a graph in Figure 12. k17 | 533054 1’334 117
The ratio between CO, and H,S has been KMJ-18 |  933.208 2,226 233
2,532,796 | 6138 | 622 10 0.27
calculated for .eac.h .sub—area (Table 5, przos T wwizaa T 366969 25 35
column 5) and is similar for all the areas. KMJ-25 [ 180.856 - -
KMJ-43 | 182.233 900 60
The last column shows the percentage of kMiaa | 167174 625 55
NCG from each of the sub-areas. In KMJ-51 | 811.862 2,935 250
) KMJ-72 - -
general, the NCG-content 1s low (range 1,709,094 5,052 454 1 0.322
0.27-0.57%), with sub-area PL-403 | PL-403 | KMJ-22 ]  669.819 4943 | 883
. . KMJ-28 |  236.465 639 74
significantly higher than the other areas. KMJ-31 | 266.925 804 70
KMJ-33 | 160.404 843 53
) , KMJ-34 | 216555 381 54
No analyses of the gas concentrations in KMJ-37 |  555.038 1,313 165
L : o KMJ-38 | 162.395 4,636 76
the reinjected water are available and it is ot | 508729 980 102
therefore not known how much of the gas KMJ-45 | 171,930 1,558 48
- iy - . KMJ-52 | 341.836 962 101
is relp]ecteq into the reservoir. From 3200006 | 17,050 | 1,626 " 0.57
experience it can be concluded that well [ PL40a | kKmu26 [ 415173 620 100
95% of th into th KMJ-27 | 486.892 1,441 110
over o OL the gas goes nto the gas KMJ-30 | 103.637 216 26
phase when the steam is condensed, and is KMJ-35 | 85.442 80 16
leased i h h Th ! KMJ-36 | 721,080 1,621 164
released mto the atmosphere. e results KMJ-40 91.034 667 26
indicate that the total gas release in 1998 Emj'jg ;22‘232 16329 g?
was close to 37,000 tons of COZ and 3,500 KMJ-62 624:198 1:597 154
tons of H,S KMJ-65 | 555553 673 113
: 3420572 | 8727 | 800 11 0.28
TOTAL 10,961,558 | 36.976 | 3.502
» 18
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FIGURE 12: Total content of CO, and H,S gas in the Kamojang field in 1998

PL-404
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5.4 Airborne contaminants

An airborne contaminant refers to a geothermal component which can be measured in the atmosphere
at the location and may be a product of geothermal exploitation. The main contaminants considered in
this report are hydrogen sulphide (H,S) and carbon monoxide (CO). The origin of these components
in Kamojang are thought to be from leakage at wellhead. Another source may be the discharge point
from the condensers at the power plant or from natural discharge, i.e. a geothermal surface
manifestation. These components are measured monthly at a number of locations at the Kamojang
geothermal area. The points of measurements are by each wellhead (Figure 3). During the first week
of each month wells in the PL-401 group are measured, PL-402 during the second week and so on.

The concentration of H,S and CO in the TABLE 6: H,S in the atmosphere at Kamojang
atmosphere is measured by Drager tubes, where

T 1 1 2003 | 2003 | 2003 | 2003 | 2004 | 2004 | 2004 | 2004
a Sample Of a_lr 18 passed through a Ch.emlcal Septem OctobeIINovemJDecem JanuaryIFebruarIMarch |April
component which changes colour depending on [PL-401
. KMJ-11 0 0 0 2 1 0 0 0
the concentration of the gas to be measured. At |qu1a 4 3 3 1 3 0 0 0
Kamojang, Drager PAC III B tubes are used, |17 . 2 2 0 . 2 0 :
having detection limits in the range 0-100 ppm. [PL402
: . : KMJ-24 2 0 0 1 1 0 0 0
The data available in this report covers the |qui2s p y 1 0 1 0 0 0
period September 2003 to April 2004 Ki-as s 2 2 0 0 0 . .
(Pertamina, 2003b; 2003c¢). KMJ-51 1 0 0 0 0 0 0 0
KMJ-72 5 3 3 3 3 0 0 0
PL-403
5.4.1 H,S in atmosphere at Kamojang field KMJ-22 0 0 0 0 0 0 0 0
KMJ-28 0 0 1 0 0 0 0 1
KMJ-31 2 3 0 3 3 0 0 2
KMJ-33 1 0 0 0 0 0 0 2
Tabl.e 6 shows the results from the HgS KMJ-34 0 0 0 0 0 0 1 h
monitoring in atmosphere at Kamojang during Emg; g g g g g 8 ? ?
the period September 2003 to April 2004, and |kmy-41 0 1 0 0 0 0 2 0
: : : . : KMJ-45 3 2 2 2 1 1 0 2
Figure 13 shows a histogram of the distribution |2 0 . o 5 0 1 0 0
of measured values. 81% of the measurements [PL404
. .. KMJ-26 0 0 0 1 0 0 0 0
are below the detection limits of the methods |kwmuzr 0 3 3 3 3 3 0 0
: : s KMJ-30 0 1 0 0 0 0 0 0
useFl fo.r analysing. The hlghe.stivalue 18 5 ppm  |iss 0 0 0 0 0 0 0 0
which is well below safety limits, but gives a [KMJ-36 0 0 0 2 2 0 0 0
. . KMJ-40 0 0 0 1 0 0 0 0
very strong (and annoying) smell (see Section |kmy.42 0 0 0 0 0 0 2 0
3 6) KMJ-46 0 0 0 0 0 0 0 0
s KMJ-62 0 0 0 0 0 0 0 0
KMJ-65 0 0 0 0 0 0 0 0
90
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FIGURE 13: H,S concentration in the atmosphere at Kamojang
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5.4.2 CO in atmosphere at Kamojang

The carbon monoxide is measured in the same locations as the hydrogen sulphide, and is presented in
the same way in Table 7 and a histogram in Figure 14. The range is up to 8 ppm, with 78% of the
readings below the detection limits of 1 ppm.

5.5 Noise in the Kamojang field

Activity in the Kamojang geothermal field creates noise, mainly because of discharging wells. The
wellhead shut-in pressure is about 33 bar-g, but the operational pressure in the pipelines is about 7-8
bar-g. Noise in the production area is measured every month at each wellhead or at a cluster of
wellheads. In this report data from September 2003 - April 2004 are analysed, and the results are
presented in Table 8. The range of measured noise level is between 40 and 82 dB(A), with 90% of the
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FIGURE 14: Amount of CO in the atmosphere at Kamojang

. . TABLE 8: Noise in th di
TABLE 7: CO in the atmosphere at Kamojang 8: Noise in the surroundings

at Kamojang in dB(A)
52003 2°°3'| 2°°3J 20034 2°°4ryl 2°°4r| 2004 | 2004 2003 | 2003 | 2003 | 2003 | 2004 | 2004 | 2004 [ 2004
eptem)October{ NovemkiDecemlJanuary|Februar|March |April Septem|Octobe Novem{D: January|Februar|March |April
PL-4 1 =
PL-401
KMJ-11 4 4 4 4 2 0 0 Ol IkMI-11 76 74 72 73 70 69 73 73
KMJ-14 2 0 0 1 0 0 8 3[|km-14 73 70 70 69 68 67 67 67
KMJ-17 2 0 0 0 0 0 0 2l kMu-17 73 74 77 70 64| 60.3 63 68
KMJ-18 3 3 3 4 0 0 0 Ollkmu-18 72 67 72 66 68 50 67 64
PL-402 PL402
KMJ-24 6 0 0 0 0 0 0 0|\kmu-24 74 72 72 68 65 ) 67 67
KMJ-25 2 2 2 0 0 0 0 0llkmJ-25 73 68 68 68 63 67 69 69
KMJ-43 7 4 4 0 0 0 0 0l[kmJ-43 72 76 76 76 78 70 70 70
KMJ-44 4 3 3 0 0 0 2 2lkmJ-44 72 76 76 76 78 70 70 70
KMJ-51 3 0 0 0 0 6 0 0lfkmJ-51 72 70 70 71 69 68 65 65
KMJ-72 3 1 1 0 0 0 0 OllkmJ-72 74 65 65 68 65 68 67 67
PL-403 PL-403
KMJ-22 0 0 0 0 0 0 0 Of[kmJ-22 71 79 70 80 78 67 60 71
KMJ-28 0 0 0 0 0 0 3 0flkmJ-28 73 70 76 71 69 62 73 75
KMJ-31 3 0 4 3 2 0 0 3|[kmJ-31 73 65 73 73 68 67 73 69
KMJ-33 0 0 0 0 0 0 0 2[|kmJ-33 73 65 73 73 68 67 73 69
KMJ-34 0 2 0 0 0 0 2 Ol|kmJ-34 73 70 76 71 69 62 73 75
KMJ-37 0 0 0 0 0 0 0 1[kmy-37 73 70 76 71 69 62 73 75
KMJ-38 8 9 5 0 4 0 0 0](kKMmJ-38 71 64 74 69 70 62 74 67
KMJ-41 0 2 0 0 0 0 0 0](KMJ-41 71 79 70 80 78 67 60 71
KMJ-45 4 0 0 0 0 0 0 2|[KMJ-45 71 64 74 69 70 62 74 67
KMJ-52 0 2 0 0 0 0 0 Ol[KMmJ-52 73 65 73 69 68 68 73 69
PL-404 PL-404
KMJ-26 0 5 0 0 0 0 0 0[[KMJ-26 82 77 71 78 75 68 68 71
KMJ-27 0 0 0 4 4 2 0 0|[kmJ-27 75 77 70 76 73 65 67 68
KMJ-30 0 3 0 0 0 0 0 o|[kmJ-30 82 76 70 76 77 67 58 70
KMJ-35 0 0 0 0 0 0 0 of|kmJ-35 82 77 71 78 75 68 68 71
KMJ-36 0 0 0 0 0 0 0 of|kmJ-36 82 76 70 76 77 67 58 70
KMJ-40 0 0 0 1 0 0 0 of|kmJ-40 75 77 70 76 73 65 67 68
KMJ-42 0 0 0 0 0 0 4 0|[kmJ-42 82 77 71 78 75 68 68 71
KMJ-46 0 0 0 0 0 0 0 0|[kmJ-46 75 77 70 76 73 65 67 68
KMJ-62 0 0 0 0 0 0 0 of|kmJ-62 75 77 70 76 73 65 67 68
KMJ-65 0 0 0 0 0 0 0 of[kmJ-65 82 76 70 76 77 67 58 70
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measurements in the range 65-79 dB(A) and 37% in the range of 70-74 dB(A) (Figure 15). In
September 2003, the average produced noise of the pipeline was about 74.8 dB(A) and produced noise
was higher for this month than in other months. In February 2004, the average produced noise of the
pipeline was about 65.6 dB(A), which was lower than in other months.
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FIGURE 15: Noise in surrounding pipeline in the Kamojang field

TABLE 9: Reforestation in Kamojang

5.6 Vegetation
1994-2003
The KamOJang g_eOthermal field 1S a WOOqu NO. LOCATION AREA |AMOUNT OF TREE YEAR
area, and Pertamina has an active reforestation (ha) |TREES (pcs.) TYPE PLANT
. . 1 KMJ-51 500 Pine 1994
programme to reduce the negative influence of | » KMJ-43 1,000 Natural wood | 1997
: 3 KMJ-15 1,000 Pine 1999
the geothermal.developmer%t. Since 1994-2003 | s 500 pine Tooe
about 43,000 pieces of various trees have been | s KMJ-20 500 Pine 1997
. . 6 KMJ-48 1,000 Eucalyptus 1998
planted in the Kamojang area. The trees are | ; KMJ-64 1500 Natural wood | 1996
1 1 8 KMJ-70 1,000 Natural wood 1998
pine, natural woqd, eucalyptus and special trees | pTo &0 Naure wood [ 1908
for wood production (Table 9). 10| PL-401, PL-402 7 8,000 Natural wood | 2001
11 PL-403, PL-404 7.8 7,000 Natural wood 2001
12 Ciharus 3,000 Natural wood 2002
13 Cihejo lake 2,000 Wood production | 2002
. . . 14 | Warrior mausoleum 1,000 Natural wood 2003
5.7 Socio-economic impact 15 | Road side KMJ-41 8,000 Natural wood | 2003
16 Around KMJ-41 1,000 Natural wood 2003
. . . 17 KMJ-63 1,000 Natural wood 2003
The steam production has been ongoing since Total 43,000
1984 without any major socio-economic
conflicts. The companies working at  TABLE 10: Community development programme
Kamojang geothermal field are concerned
about the well being of the local population NO.| PROGRAMME NAME | AMOUNT LOCATION
and the company supports the society in the (Rp) x 1,000 — GCF'{TTYTSK
form of ﬁnance or the so-called programme of 1 |PUKK (324 partners) 2051615| SMD & CMS
community development. The supported areas 2 |Repair of public facility 162,655  BD & GRT
are the sub-province of Garut and Bandung. 3 |Bursary and education 42,550 BD & GRT
A . . . 4 |Medium sport 128,523 BD & GRT
Table 10 lists the funding to the various socio- 5 |Sanitation for clean water 35072| BD&GRT
economic projects which Pertamina has 6 |Medium sport 113,304  BD & GRT
cted in the Kamoi d th 7 |Religious activity 17,925  BD & GRT
supported In the hamojang area, and they are 8 |Activity of young men 1,993|  BD&GRT
also shown in Figure 16. 9 |Aid to other institutions 42,970 BD&GRT
10 [Victims of natural distasters 3,000 BD & GRT
11 |Aid heavy equipment 547,596 BD & GRT
TOTAL 4,047,202
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6. DISCUSSION

Adopting the ISO 14001 EMS for managing the exploitation of the Kamojang geothermal system in
2002 has proven to be very important. It is a large operation with 76 production wells, three
reinjection wells and a production of 1,100 tons of steam per hour. Analyses under ISO 14001 have
helped to identify possible environmental hazards and made counteractive planning more accurate.

The exploited area within the Kamojang geothermal field is about 100 ha. It is mostly a forested area
but includes also some residential or governmental land. In order to accommodate geothermal
development land has been bought or leased. The department of forestry has received compensation
for land required for power generation. An extensive reforestation program has been set up by
Pertamina. To ensure that the socio-economic influence of the harnessing of geothermal energy at
Kamojang is a positive one, Pertamina has supported a variety of projects in the vicinity of the power
production.

The EMS requires an intensive monitoring of the production of steam from the reservoir. Production
is in the range of 10 million tons per annum, and, in the reports, it is divided into four sub-areas within
the production field. The main non-condensable gases in the discharge are CO, and H,S, released to
the atmosphere when the steam condenses. The annual discharge of CO, is about 37,000 tons and
3,500 tons of H,S. Only a small ratio of the steam is reinjected into the reservoir as condensed water,
or about 3,000 tons. The difference evaporates in the cooling towers.

A programme has been set up to monitor the concentration of possible geothermal gases in the
atmosphere, to ensure that these components are within acceptable levels. The main concern are gases
H,S and CO, but regular measurement shows that these components are within acceptable levels, and
in a majority of cases, within detectable levels. Noise is also monitored regularly within the field, and
is within the required 80 dB(A) level in 95% of the cases.
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7. CONCLUSIONS

e EMS ISO 14001 has proven to be very useful at Kamojang to depress and minimize negative
environmental impact.

e Environmental impact in the Kamojang geothermal field is small, including land use,
vegetation and wildlife, air quality, noise and socio-economic impact.

e Pertamina has been planting trees to compensate for lost forest land due to power generation.
The tree types are: pine, natural wood, eucalyptus, and wood for production.

e The Kamojang geothermal field has airborne contaminants in the atmosphere including
hydrogen sulphide (H,S), carbon monoxide (CO) and also noise. The average CO in the
atmosphere is about 0.76 ppm, H,S is about 0.67 ppm and noise is about 70.77 dB(A). These
values of CO, H,S and noise are under the maximum level.

e The total NCG gas released to the atmosphere is about 37,000 tons of CO,, and about 3,500
tons of H,S.
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APPENDIX I: The Kamojang power plant
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FIGURE 1: Schematic showing the Kamojang power plant

APPENDIX II: ISO 14001 certificate

Ls_:ﬂ;ﬁr)
CERTIFICATE

The TUV CERT Certification Body
of TUV Anlagentechnik GmbH
L ~ira

hereby certifies in accordance with
TUV CERT procedures that
PERTAMINA Area Geothermal Kamojang

Jalan Raya Kamojang, PO. BOX 120 Garut 44101,
Jawa Barat - Indonesia

has established and applies an environmental management system for
Geothermal Steam Supply for Electric Power Plant

An audit was performed, Report No, 021161
Proof has been furnished that the requirements according o
DIN EN ISO 14001:1996

are fulfilled.
The certificate is valid until 2005 December

Certificate Registration No. 01 104 021161

e

YO EERT Kcabion gy o
TOW Arslagentactesh Dot
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APPENDIX III: Environmental programme management in Kamojang geothermal field

FUNCTION : ALIANCE,
CONMTION : NORMAL

ENVIROHMENTAL PROGRAM

ASPECT CONTROLLING UNDERWRITER
N, CODE POLICY OF ENVIRONMENT TARGET SPECIFIK TARGET ACTION F T Ty T TELRTED OPERATIONAL OF ANSWER
_ JOB HAVE FUNCTION
Daing prevention of ratecting

1 oPS.ia [Potency and corirol arsing oul|gases presentation. Protecting gases presentation| " _— . B B0IS/DEKINN.50 Ka. Ops
impact and obadiert to ragulation of] af 10 maximun 5 i L = e
invitation.

Equiping worker of with gas B0 UDCKINR- 20 Ka, Ops
Repiar ol silencer WO 20C120 | Des 02 Teknik Ka_Ops

Duinyg prention ol contarmmanon
N ops.q g |Pleney and control ansing  oul|Protecting of  tolProtecting or lessening noise| L O USRS SO0 a. ot
b impact and obadserd o regulishon of |erranment af maximum emaonemer - 4 . e i P

invitation

Repair of silencer WOO220C120 | Des D2 Teknik Ka, Ops
Equiping worker of with ear plug B0 DRG0S0 Ka, Ops

Doing prewention of contamination

3 oPS2.4  |POtency and control arising out|Profecting  noise  of  to[Protecting or lessening noise| Maize menitarin B B-01 I/SMLTO0MST/S0.02 a, Ops
impact and obadient to regulation of|erviranment of maximum envionmment. 9 - P
in¥itation.

« Equiping worker of with ear plug . B-011/DCKI002-50 Ka. Ops
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invitation
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invitation
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Daing prevention of contamination|Praventng swampy foreet of - .
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(mpac b ’ in place which detemnined
invitation wark shog.

- Cleaning od channel move to oil catcher . C-D0A/SMLTO0457 02-5) Ha, Ops
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A waste  of g froen dang and . .
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Uullrly.plm:]lllur.l ;l quurunum.uL: _— | P ——
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17 PER1D  |Ptener and  cordral  ars g ot and . Amangement of tidiness| of according 1o . CDOSMLIDO045T 0250 Ka. Eng
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APPENDIX IV: Results of discharge and NCG gas monitoring in Kamojang

TABLE 1: Cumulative production of steam in Kamojang until 1999

TABLE CUMULATIYE PRODUCTION UNTIL 1999 IN KAMOJANG GEOTHERMAL FIELD

Fage 1
[ 1997 1998] Januarg | February March April May June July August October | November | December 1999

-1 [T 6551 1347 6553 6552 6365 68.53 BT.18 58.09 7514 EALS 7504
Kais AERI] 2041 15.23 1342 1354 1344 1583 1331 20.87 2087 2057
| Ton!menth 46,240.52 5283540 A41,397.60 43,550.40 50,133.60 43,600.50 45,501.60 43,024.50 54,100,560 54,100.50 150336
kalmonth 46,240,320.00 95,400.00 | 47,397,600.00 | 4555040000 | 50,155500.00 | 45,600,500.00 | 45,501600.00 | 43,024,500.00 | 54100500.00 | 5410050000 | 5410050000 | 1803360.00
T th Cum (&4 -35] 5,896,665 17| A5 57645 3,564, 16561 361701521 3,664 41251 AM3,363.21 9,764,096.51 9,513,637.61 9,862,433 33152401 3,365,624 81 10,013,725 61 10,073,826.41 10,075,623.77 10,075,623.77
MJA7 (T 5338 55.07 5838 s8.07 si5e stre 541 5141 56,92 seae | seme 5652
[ 1643 613 6.7 1613 1535 1604 1535 .95 581 a1 .81 )
Tontmenth 53,303.96 4181080 12,10960 4151040 ataza80 a1572.80 13320 4133520 4036240 a0,382.00 40,302.40 1366.08
kgimenth 53,305,36000 | _41,510.400.00 | 42,429,600.00 | 41810,400.00 | 41,426,800.00 | 41572,600.00 | #1,555,200.00 | #1,335,200.00 | 20,382,400.00 | 40,382,400.00 | $0,952,400.00 | 1.366,080.00
Tantmanth Cum. (34-36] 621551030 780836422 | 1a4si6158 | 149057798 | 153800758 | 15451798 | 161626675 |  T657A1958 | 76995478 | 174048988 | 7847208 | 182245478 |  1,863,43018 | 786480826 786480526
M-8 (Tonthours) 8783 9452 95.97 3357 3407 w213 EEXT) 031E e 102.79 0279 10279
Kaiz 207 26.26 26.66 2533 2613 25.53 25,86 2885 28.29 2855 28.55 28.55
| Tonmaonth B5T41.T6 65,054.40 £3,095.40 &7,370.40 BT.T30.40 BB, 33360 B7.033.20 4.253.60 333320 14,005.50 T4,008.50 T4.008.50
kgfmenth E5T4LT60.00 | 65,054 40000 | §3,055400.00 | 67.570,400.00 ETT30,400.00 | 68335,600.00 &T.033,200.00 T4.255,500.00 | 7333220000 | T4,005500.00 [ 7400550000 | 7400550000
| Ton!month Cum.(54-35) 1,334.2357.12] 12,327.444.35 1283515872 1306124112 13.130,559.52 13,187, 709.52 13,265,440.52 AFFFLITEAE 1353581302 1FATI066.T2 13,546 405,32 1EE20.414.72 13,634,425 52 1516545232 15T65.452.52
M.J-30 (Tonthours) 12565 T2.06 1221 1221 ik na 1057 05T 1034 10.54 1034
Kaiz 35T 335 333 333 35 33 302 302 304 304 304
| Ton!meonth 564132 5EET20 F131.20 g.731.20 FH25.60 5.565.00 TE2640 T.526.40 157680 T.ET6.50 TETE.E0
kgfmenth #,641,320,00 F653,200.00 5 731,200.00 #,131,200.00 5,625,600.00 #,565,000.00 T,526,400.00 1,526,400.00 T,E16,500.00 1,576,500.00 7,576,500.00
| Ton!month Cum.(54-35) 2,321,11.04 2,430,T45.32 2,433,330.24 2,445,075.44 2,456,564.64 2,465,655.54 2,474, 25144 2,452,543.44 2,430,675.54 2433,502.24 2,508,373.04 2,514,255.54 2522,132.64 2,522,395.20
MJ-31 [Ton/hours) 26.32 26.75 28,68 34.04 F4.04 3043 3043 3043 3028 F0.2E F0E1
Kais 145 143 .37 246 346 547 B4T X B4 XA 550
| Ton!menth 15,090.24 13,260,000 20,643.60 24 505,50 24,508.50 21,352,850 21,352.80 21,352.50 21,801.60 21,5060 22,033.20
kafmonth 16,090, 240.00 | 13,260,000.00 | 20,643,600.00 | 24506,500.00 | £4505500.00 | 2135260000 | £1352,800.00 | 21,352,800.00 | 21501600.00 | 2150160000 | 22,033,200.00

th Cun. (66-35] 15,345,630.50) 192125518 | 1425064542 | 14.243,30542 | W,27055.02 | 14,295,06: W85262 | MA4158543 | 1,060 436545102 | 14,407208.62 | 14,485,058, 1 4T0542 18,451,506.06
MJ-34 (T 2851 2215 s .05 19.05 =113 erir 2114 e etz 2015
[ 6.5 515 536 523 529 iz 588 567 s8¢ 508 560
Tontmenth 52672 15,348.00 15,436.80 1371600 15,1600 20,000.80 1528240 15,220.80 1513840 151580 14508.00
kgimenth 15,126,120.00 | 15,248,000.00 | 15,436,500.00 | 15,116,000.00 | _15,716,000.00 | 20,008500.00 | 15,242,400.00 | 15,220,80000 | 513440000 | 15134,400.00 | 1450800000 | 45360000
Tantmanth Cum. (34-36] 5166 585,68 3385,14104 | 5,09826176 |  G4W2M16 | 34296525 | 5443,06856 |  OASLOGASE |  5477,03036 |  3432,00506 |  OS0TS66S6 |  3502690.96 |  3537,825.06 |  5s52,00006 | sSsaatede 3552,516.36
MJ-35 (Tonthours) 85 285 285 285 30 a0 30 30 30 30 130 30
Kaiz 274 274 274 214 EALY 34 304 EATY 304 ALY EALY 304
| Tonmaonth B.613.20 T.082.00 7.052.00 032,00 8,136.00 136.00 13600 £136.00 13600 £.136.00 8,136.00 21.20
kgfmenth £,613,200.00 T032,000.00 1.052,000.00 7.052,000.00 #,156,000.00 &,156,000.00 5.136,000.00 #,1536,000.00 5.136,000.00 #,136,000.00 #.1536,000.00 2T.200.00
| Ton!month Cum.(54-35) 4.505,346.36 4585, T55.55 45600.405.05 4.507.500.05 4614.552.05 462165408 4.623,520.05 4.637,356.05 4646,032.05 4.554,225.05 466256408 4.5T0,500.05 4ETEE36.05 4.678,307.25 4678,307.28
M.J-36 (Tonthours) 565 F4.21 F136 81.38 5413 F5.5T Fa.02 55.26 4553 g3.12 F3A2 FA2
Kaiz 2412 2533 2427 24.21 2333 2465 25.56 2368 2384 2503 23.09 2303
| Ton!meonth 55,343.T6 B0.631.20 62,533.20 5253320 B0.616.50 £3.372.00 B6.254 40 E1.351.20 &1,T3T.60 53.546.40 5354640 1334 55
kafmanth 55.342760.00 | 60,531,200.00 | 62.539,200.00 | 62,533,200.00 GO0616,500.00 | 63,372,000.00 66,254,400.00 £1.357,200.00 G1TITE00.00 | 53,545.400.00 | 53,546,400.00 133455000
| Ton!month Cum.(54-35) 3,409,065, 36 10,130,145.45 10,155 435,24 10,243, 12344 10,512,025.64 10,374,327.84 10,435,544.64 10,433,518.64 10,565, T71.04 10,527,155.24 10,65%,355.84 10,745, 502.24 | 10,505,545 64 10,510, 64352 10,510,643.52
MJ-38 [Tonthours) 15.33 1316 1316 20 20.M 20.M 2071 201 20 201 2790 27130
Kais 527 552 552 575 515 515 575 515 575 575 IS AL
| Ton!menth 12,761.25 13,7135.20 13,795.20 14,511.20 14,3120 14,3120 14.311.20 14,3120 14,911.20 14,311.20 20,088.00 66360
kalmonth 12761250.00 | 15,795,200.00 | 15,795,200.00 | 145020000 | 1431120000 | 43120000 | 143120000 | 1431,200.00 | 143120000 | 14.59,20000 | 20,085,000.00 | 663,600.00
T th Cum. [85-38] 2,853,106.61) 3.015,501.60 O 6 3,042,055.05 5,055,853.28 3,070,764 48 3,055 675 685 3400,566 &8 3115435 05 150,403, ALE 0.4 3160,25168 150,513 6 J80,353. 180,553,
MJ-41 (T 63.65 [RER Y 301 301 301 a1 64.46 53.08 5308 63.08 53.08
[ a6 0.0 2026 =020 2026 2026 .33 a1 T2 sz 5 e
Tontmenth 45,0236 376,80 5256120 52,567.80 5256120 5256120 4653840 45,225.60 454160 4541760 asatien 151332
kgimenth 46,224,36000 | 51376,800.00 | 52,567,200.00 | 5256120000 | 52567,200.00 | 52567.200.00 | 46,634,40000 | 4642560000 | 4541760000 | 6541760000 | ssemeooon |  1swacncn
Tontmanth Gam (55-93) 5,430,135 36 5335,865.40 | 5385690.06 |  9.03766716 | 909023836 |  9,14250156 | 949536576 | 5,247,33596 | 909457096 |  9,04039596 | 938641556 |  34018ail6 |  84Ti2eate | sdietezes 547816268
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M.J-42 [ 23.20 211 20.10 20,10 2010 14.03 1887 1257 18.87 1257 18.87 1957
Kaiz B.48 B3 5.58 558 5.58 .80 555 555 555 555 555 555
| Ton!menth 15,530.40 15,651.20 14,472.00 14.472.00 14.472.00 10,1060 1437540 14,378.40 14,375.40 14,378.40 14,375.40 479.28
kgfmanth 15,530, 400,00 15,631,200.00 14,472,000.00 14,472,000.00 14,472,000.00 10,101,600.00 14,575.400.00 14,375,400.00 14,575, 400.00 14,375,400.00 14,575, 400.00 473,250.00
| Tonmeonth Cum.(55-35) 4645, 523,55 4.153,268.25 4. THE,5TA6E 4,754, 510.55 4.7135,352.58 451545455 4, A28, 455502545 455240655 456675525 4 551165.65 4.525.542.05 4,303,320.45 4,310,559.76 4.310,333.78
MJ-43 [ 2068 2063 1563 1EED 15,63 1863 1563 1863 1563 1863 1563 1563
Kaiz 574 51% EAL] 5T EAL] AL EAL] 5T EA LN 5T EA LN 5T
| Ton!menth 13,536.36 1455560 1541360 1341560 1541560 13.413.60 13.413.60 1341360 1341560 1341360 1341560 44112
kgfmanth 15,538, 360.00 | 14.555,600.00 13.415,600.00 13,413 600,00 13,413,600.00 15,415,600.00 13.,415,600.00 15,415,600.00 13,413 600,00 13,415,600.00 13,413 600,00 447.120.00
| Ton!meonth Cum.(56-35] 2,280, 10.22 2.4T2,343.66 2,456.240.62 2.501.034.22 251450752 252132142 2.541,335.02 2.554.745.62 2565,162.22 25515T5.52 2,554, 359,42 2,608,403.02 2621.516.62 2,5622.265.14 2622,265.74
MJ-44 15.05 155 15.64 15.76 1875 15,76 1576 15,76 18.76 15,76 18.76 1576
Kaiz 501 524 513 521 521 521 521 521 521 521 521 521
| Ton!menth 12123.60 1353560 1342050 13.507.20 13507.20 13.507.20 13.507.20 13.507.20 13.507.20 13.507.20 13.507.20 450.24
kafmanth 1212360000 | 1353360000 | 1342050000 13,507, 200,00 13.507,200.00 13,507,200.00 13.507.200.00 13507,200.00 13,507, 200,00 13.507,200.00 13,507, 200,00 450,240.00
| Ton!meonth Cum.(56-35] 233084158 315501526 BAT0.144.56 315513546 513715326 521066646 5.224,1T3.68 323765056 325115506 3.264.635.26 3.278,202.46 323,709,668 FI05.216.56 FI0566T10 3.308,667.10
MJ-22 [ TE12 TE12 T612 TE12 7612 G153 Tis2 536 TEAT 1634 44 Tid4
Kaiz 2114 2114 2114 2114 2114 1517 2153 26.66 .24 2137 2151 215
| Ton!menth 51152.64 54.306.40 5450640 54.306.40 54,506.40 4566450 55.514.40 63,0320 55.044.00 5533650 55.756.50 1.855.56
kafmanth S1152,640.00 | 5450640000 | 5450640000 | 54.506400.00 5450640000 | 4366450000 55.514,400.00 £3,091,200.00 | 5504400000 | 55336,500.00 55.756,500.00 155856000
| Ton!meonth Cum.(57-35) B 311.550.45 T551,633.84 1632,552.45 T.EET.655.55 174246525 T.I3T.2T165 1.852,075.08 T.300.742.55 T.356,557.25 502564545 505063245 136,083,258 5.131.546.05 5133.704.64 £133.704.54
MJ-24 FAn FA0l 331 FA0l FA0l 4052 Test Prod. Test Prod. TestProd. Test Prod. TestProd. Test Prod.
Kaiz n.ox 0 .03 0 1.03 .26 - - - - - -
| Ton!menth 2668512 25,5320 28,531.20 25,5320 28,531.20 23,1440 - - - - - -
kgfmanth 26,655,120.00 | 23,531,200.00 25,531,200.00 23,531,200.00 25,531,200.00 23,174, 400.00 - - - - - -
| Ton!menth Cum.[537-35] 3,150,351.12] 4,147,520.45 4,174,005.60 4,202,596.50 4,231,155.00 4,253,779.20 4,255,370.40 4,317.544.50 - - - - - - 4,255,370.40
MJ-25 1051 1051 1051 1051 1051 10.51 1051 1051 1051 1051 1051 1051
Kais 232 232 232 232 232 232 232 232 232 232 232 232
| Ton!menth T.062.72 156720 1.567.20 156720 1567.20 156720 1,567.20 1.567.20 1567.20 1.567.20 1567.20 252.24
kgfmenth T,062,720.00 7,567,200.00 1.567,200.00 7,567,200.00 1.567,200.00 7,567,200.00 1,567,200.00 7,567,200.00 7.567,200.00 1,567,200.00 7.567,200.00 252,240.00
| Ton!menth Cum.[537-35] 1,595,542.40 1613545 1,783,261.20 1,730,525.40 1,798,395.60 1,505, 362,50 1,513,550.00 1E2,097.20 1,825,664 40 1536,23.60 1,845,798.50 1,851,366.00 1,858,955.20 1,559,185.44. 1,853,185.44
MJ-26 [ 4472 5073 4643 4472 4472 4472 4472 4472 4613 5265 51.36 4275
Kais 1242 1403 1291 1242 12.42 1242 1242 1242 1253 1462 1443 1382
| Ton!month 50,0554 36,525.60 3347280 3213540 3213540 532,138.40 32,135.40 5213540 33,256.50 37,308.00 STANE0 1134 00
kalmonth 30,051,540.00 |_56,525,600.00 | 33,412,600.00 136,400.00 138,400.00 135,400.00 136,400.00 136,400.00 | _53,256,500.00 | 57,305,000.00 A1.200.00 | 1154,000.00
| Ton!month Cum [57-35) 4,377,331.32 533316528 542321712 5,453,742 72 5.433,215.52 5.525413.32 5.557.612.32 5.583,510. 72 5,622,009.12 654,20 557,464 5.725,5712.52 5.762,153.52 5.163,377.52 5,763,377.52
MJ-27 5252 5282 5648 5740 5558 54.26 54.26 5823 5523 6156 E7.56 6756
Kais 1453 1467 1563 15.86 15.44 15.07 15.07 1613 1514 1837 1877 1837
Tontmonth 35,295.48 36,030.80 20,665.60 snzon 0,060 s3.06120 53,067.20 4136080 47,008.60 558320 48,643.20 168148
kgtmonth 95,440.00 | 55,000,40000 | 4066560000 | a112,00000 | _40,017,600.00 | 59,067,200.00 | 59,067200.00 | 41,966,500.00 | 47,008,500.00 | 85,645,20000 | 4558520000 | 168144000
[Tontmenth Cam81-35) 6,034,20150) 6,561,290 66165712 | 66546152 | 6,695,280 6.736,095.12 |__ 6,716,412.02 | 6015419 68554112 | 689550598 | 6,349588 6,992,613 i04nite | 708245256 04243255
MJ-37 5336 53.96 53,96 st st st 4353 a1 21 s0.15 1330 aa.30
Kaiz e e 162 1586 15.68 1586 a1t 567 a7 a3 163 1363
Tontmonth 35,857.98 8.413:20 58,813.20 ri6za0 6240 avtez.en 55,708.80 15,220.80 522080 56,108.00 55,496.00 116320
kgmonth 95,051,320.00 | 59,413,200.00 | 08,413,200.00 | #1162,40000 | 41162,400.00 | #1162,400.00 | 95,104,500.00 | 15,220,600.00 | 15,220,600.00 | 96,108,000.00 | 95,495,000.00 | 1,183,200.00
Tontmonth Cum81-35) 5,226,048.80 5,163,002.45 |  501,940.60 |  5,957,05960 |  5095176.00 |  5,396,04120 |  5,076100.60 | 601386600 |  6,058,370.00 | 60709160 | 600581220 | 602152040 |  6050%6.60 |  6158,99.60 6,156,193.60
M6 | 2316 2510 2505 25.05 2138 2138 2138 2138 at3s 238 at3s 28.83
iz 643 6z 640 640 () sae s34 sas sae sas sae sm
Tantmanth 556352 1663200 16,536.00 16,596.00 15,335.60 1539360 533560 £,39360 1533560 £,39360 1533560 cataz
kgtmenth 16,563,520.00 | 16,632,000.00 | 16,596,000.00 | 16596,00000 | 15,393,600.00 | 15,335,600.00 | ,393£00.00 | 15,395,600.00 | 15,033600.00 | 15,393,600.00 | 15,393,600.00 | eatsenno
Tontmonth Cum(51-38) 5163250 10 SADEI266 | 342319618 | 043382506 | GA4%40818 | 547002048 | 048841378 | 550380138 | 051320038 | 353453455 | 554338806 | 08650811 | 356079508 | ssatderso 358146730
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M.J-14 [Tonthours) 4387 4288 4283 4293 453.71 3281 13.82 4204 43.04 4204 43.04 4204
Kalz =221 1222 12.20 222 126.03 203 551 136 1136 .36 1136 .38
 Tonimanth 2354754 FLET2.E0 F1E23.60 SLET2E0 326,671.20 23,407.20 H.270.40 30,388,580 F0,388.50 30,388,580 30,388.50 1032.36
kgimanth 23,547, 540.00 672, 500.00 HE2AE00.00 FET2E00.00 [ F26ET20000 | 23407200.00 1427040000 | 30,355 500.00 | 3055550000 | 30555500.00 [ 30,585 500.00 1032,360.00
Tonimenth Cum.(55-35) 4,025,713.44) 447105536 450055850 453225560 4565550.20 4.535,562.00 432225520 4.345,640.40 4,553, 310,50 4.330,539.60 502155540 5052,51T.20 5085, 566,00 505453536 505459535
KMJ-2§ (Tonthours) G241 a0 30M 2556 2556 FE04 F0.08 2354 3005 e HES F1LES
Kalz 3.00 553 553 TAE AL s LR 523 554 555 A EAL]
Tonimanth 21iTa5e 2228520 221120 18.618.20 15.513.20 2HIEEED 2165160 2145450 2162160 2255320 22,158.00 T53.60
kgimanth 2177352000 | 22,255,200.00 22, 11.200.00 15,813, 200.00 1561320000 | 23,753500.00 21657, 600.00 21454, 500,00 2162160000 | 22,333,200.00 | 22755,000.00 TEAE00.00
Tonimanth Cum [58-38 2,565,233.04 310463510 SI264TTES EALCNCTE SAT0544.02 S5 4ET2S 320805242 S23lEThee F255528.52 327501562 5,236.6385.22 351957442 B2 36242 IadnIe202 Fadniea02
M J-45 [Tonthours) 2315 22,38 212t 1353 1355 1353 1355 2504 2513 2102 2526 2528
Kalz £.44 LR -l 542 542 542 542 iTa .61 T To2 T.02
hon#monlh 15,576,368 1654560 15.314.40 1408160 1406160 1406160 14, 08460 20,155.50 AT128.50 13,454.40 1E15T.20 0624
Ikg#mor\lh 15,576, 360.00 16.545,600.00 15,514,400.00 14,081,600.00 14.081,600.00 14,081,600.00 406160000 20155,500.00 AT128,500.00 13.454,400.00 1848T,200.00 £06,240.00
IToMmth Cum [58-38] 256137354 2733,50%.54 2,755 450,50 2,772,026.40 2TET 4080 250140240 251546400 252352560 2.543,551.20 2563,1T6.00 2,550,304 .50 2,300,353.20 231554640 2.313,152.64 2,313,152.64
KMJ-Z0 (Tonthours) B B B B B B B B B B B B B
[ - - - - -
Tonimanth - - - - -
[rgimonth B B B B B
IToMmth Cum [53-38° HEE,513.60 - - - - - -
KMJ-33 [Tonthours) 18.75 1851 16,75 ir.32 iz ir.32 13z lis2 13.45 1345 1344 13.44
Fgf: 465 4.55 465 4.5 4.5 45 4.5 45 540 540 540 540
Tonimanth 1,256.00 1,786.40 12,060.00 1247040 12,470.40 12,470,400 12470.40 12,470,400 14,004.00 14,004.00 13,336,850 ABE.56
kgimenth H,256,000.00 756, 40000 12,060,000.00 12,470, 400,00 12,470,400.00 12,470, 400,00 12,470,400.00 12,470, 400,00 14,004, 000.00 14,004,000.00 13,596, 800.00 46656000
Ivame:lh Cum [32-38° 657445 1,077,375.48 1055 63448 1,100 420,55 AH245088 1124 95125 113742168 1143,892.08 1162 362,45 1174 552,68 1,185,536.55 1,202,540.88 121653168 121750424 1,217,504.24
KMJ-40 [Tonthours) 124 T2 .24 24 £62 1562 1562 1562 562 15.62 Aot o7
Kals 42 255 342 42 4.34 4.54 454 4.54 4.54 4.34 4.4 474
Tonimanth 55325 T840 H032.80 809250 24640 24640 ,246.40 24640 1,246.40 11,246.40 12,290.40 40368
kgimenth T,553,280.00 1,15, 400.00 &,092,500.00 F032800.00 24640000 1,246 400.00 1,246 400.00 1,246 400.00 246,400,000 11,246,400.00 12,290,400.00 A03,650.00
Ivame:lh Cum [32-38° T, 70006 802,833.32 H10,457.20 HE205.60 B26,298.40 B34,391.20 H45 637 60 F56,884.00 B68,130.40 B79,376.50 HA0,623.20 SM,E6E0 914 160,00 S14563.68 914 569,68
KMJ-51 [Ton'hours) 5523 8615 544 H46D G469 8599 5599 FA6E 8663 F2.98 B985 H2.98
Kals 2567 2335 2565 2352 2552 2383 2359 2453 2406 2308 2505 2505
Ton/manth 57,274 56 62,028 .00 6150080 60,3650 60,376.80 61,312 50 61,312 &0 6452640 52,573.60 59,745.60 53,745.60 189152
[Tonimonth Cum (3235 3,408,21162 428013574 | 427740850 | 455343650 | 440075740 | 44BATIS50 | 452063000 | 456460350 |  4.646,516.50 471104270 | 417341650 | 45351610 | 4,69230750 | & 834,535.0 4,694,533.0
WJ-52 [T 4015 53,68 4034 2320 2520 36.69 3810 3790 56,16 36.67 56,35 36,55
MJ-62 [Tonthours) 1318 T4 Toi2 iz 133 346 T ™31 1283 7283 1283 T232
MJ-65 [Tonthours) 6113 6253 6253 B2 5T BEET 6302 63,33 BB O3 053 083 053
MJ-72 [Tonthours) T5.85 T0.81 T0.81 T0.33 7033 6831 6531 £8.31
Kalz - 2107 18.70 13.70 18.70 130 13.14 13 19.14
 Tonimanth - 54,612.00 51,085,200 51,085.20 5106360 5108360 43.615.20 43,615.20 1653.34
kgimanth - 54,612,000.00 51,055,200.00 51,055,200.00 51.063,600.00 $1,063,600.00 43,615,200.00 43,615,200.00 1.653,540.00
Tonimenth Cum.[1333) - 54,612.00 10566720 15672240 207.732.00 25556160 305 476,50 358,032.00 353,745,834 353,745.34
Total Cumaltaive (T4 132.114.953.70 142.109.998.23 152,311.241.91
TABLE 2: Cumulative release of non-condensable gas in Kamojang until 1999
TABLE : CUMULATIVE GAS CO; AND H,5  UNTIL 1999 IN KAMOJANG GEOTHERMAL FIELD
Page 1
1998 | Jam Fehruary| March | April June July A ghmbej October |November [December| 1999
ETLI-11 {Ton'hours)| f#.81 7347 S1ik:x] B&8Z E1x] L3R 778 E3.03 7514 TA14 TE14 Th 14
CO: [grfKg) 161 162 140 166 156 143 138 1.55 144 186 136 186 186 .00
C0; Cumulative [T &216 166 30 230.56 30981 38740 46178 63018 ROROF BTRAET TITA AT816 A7T8.84 A52 26 452 26
H:5 [griKg) 022 0zz 024 0.z 023 0.z4 025 021 0.z0 0.z0 0.z0 0.zn 0.zn .00
H;5 Ci ive [T 14 2163 3406 4418 G673 BT AT B0.03 8013 4382 10.74 12156 13236 13272 13272
ETLI-17 (Tonhours) 69.28 62.07 62.92 62.07 6754 5774 5r4 8ra BE.92 6E.92 6892 BES2
COD; [griKg) 3.90 262 3.74 4.02 368 277 270 26T 26T 4E3 4.56 4.56 4.56 0.00
CO; Cumulative [T 16724 402 470.56 E41.04 795.04 95117 104.29 125642 140798 1e00.27 1726.97 1972ET 1974.90 1979.90
H:S [griKg) 0.25 0.2e 0.24 0.24 0.28 0.z5 0.z3 n.zz n.zz 0.2y 0.22 0n.z2 n.zz 0.00
H:S Cumulative [T 10.58 20.94 2.0 .21 B2z E242 Fa0s 20.95 29.86 99.69 102,70 178 nen n2a
[EMJ-18 {Tonhours)| 897.83 94 .52 9587 93.57 9407 9213 9311 103.13 [ 101.88 102.79 10279 102.79
CO; (griKg) 148 127 167 166 127 134 139 136 1.74 152 240 240 240 .00
CO; Cumulative [T| 10348 19261 TG 420.16 513.98 604.57 697.03 Taves 725 102883 1206.38 1383.93 1383.93 1382.92
H:S [arlKg) .22 0.24 0.23 0.25 0.25 0.24 0.20 018 0.20 021 0.21 021 021 .00
H:5 Cumulative [T, 15.61 J2.28 LA 6614 8279 9084 1n2.38 124.24 139.23 154.36 169.98 195.59 195.59 18559
EMLI-30 {Ton'hours)| 1286 12.06 ] 123 a8 13 1087 1087 1054 1034 1034 1034
CO: [grfKg) 215 215 136 207 207 216 2.34 2.22 243 2E7 an 21 211 .00
CO: Cumulative [T 13.93 38.53 65.57 737 .97 1053 130.63 147.93 167.48 188.52 205.14 222.31 22286 ZE2EE
H:S [griKg) 0.26 026 023 022 0z 024 023 0z 023 024 022 0z 0z .00
H;S Cumulative [T 237 457 [l 850 1045 1254 1453 1625 1805 1983 Z1ER 2344 2343 2343
ETLI-31 (Tonhours) 28.92 2E.76 2868 24.04 24.04 2049 2049 2049 2022 20.28 2061 2061
COD; [griKg) 2.93 287 278 2.8 338 236 208 208 208 287 297 274 274 0.00
CO; Cumulative [T| BE15 102.01 1E1EZ 220.01 302.44 18488 45192 518.99 62608 EB0.T4 TEAZ TR TR TR
H:S [griKg) 0.24 0.zg 0.24 0.2g 0.z29 0.z4 0.z3 0.z3 0n.zz nzz 0.22 0n.z1 0.z 0.00
H:S Cumulative [T 4.68 957 17 19.98 27.02 24.02 2912 4418 49.23 5402 B8 E254 270 E2.70
(ETLJ-34 {Tonhours) 2251 2215 2144 19.05 19.05 2rra 2117 2114 2102 2102 2015 2015
CO: [griKg) 142 0E4 147 147 154 1654 148 142 195 1.70 170 14 1.4 .00
CO; Cumulative [T| 2480 24.50 67.97 20.73 10184 122.98 152.26 173.92 20367 22947 286.27 276,68 27636 27636
H:S [arlKg) .27 027 0.26 0.24 0.24 0.24 013 0.23 027 2z 0.2z 0.20 0.20 .00
HzS Cumulative [T, 469 877 12.97 1667 2002 2337 2715 067 M7 3|02 432 44.15 4424 44.24
[EMLI-35 {Ton'hours)| 985 885 886 886 130 130 130 130 130 130 130 130
CO: [griKg) 0.95 0495 0.95 0.95 0.95 0.76 076 076 076 076 0.7 0.76 076 .00
CO: Cumulative [T 671 12.97 13.68 26.38 3309 39.30 4552 6173 G794 £4.15 T0.36 TE58 TETE TETE
H:S [grlKg) 013 013 013 013 013 021 021 021 021 021 0.21 0.21 021 .00
H;S Cumulative [T 134 260 334 528 BE3 833 1003 174 1344 1515 1685 1856 1861 1581
ETLI-36 {Tonhours)| 2687 24.21 8736 8736 2419 2086 202 2626 26.82 2212 2212 2212
CO; [griKg) 134 184 174 201 2o 178 177 LE& 178 22 186 186 186 .00
CO; Cumulative [T| 14.85 22205 327.45 46368 G79.90 2780 20126 a12.32 1021.58 NE22: 1274.52 1385.93 1289.65 138965
H:S [griKg) 0.26 0.28 0.23 013 013 0.z1 0.zz 013 013 nzz 013 013 013 0.00
H:S Cumulative [T e .14 44.86 LAl E9.37 2121 9660 108.47 120.31 124,04 146,28 16661 15682 16688
(ENLI-38 {Tonhours) 12.99 1918 1918 207 2071 201 201 2001 20.1 207 2740 2790
CO; [griKg) .26 2814 274 2006 29.90 29.90 28.90 29.90 29.90 29.50 29.90 2621 2621 0.00
CO; Cumulative [T 43821 79726 117637 168138 203716 248292 292868 IT44E 322023 426601 47178 B21g.24 6523612 5236.12
H:S [qrlKg) 051 052 04 048 047 047 047 047 047 047 047 036 0.36 .00
HzS Cumulative [T, £.99 1366 19.30 25.92 3300 4007 4714 5422 6129 68.37 75.44 8259 aza2 282
EXLT-41 (Tonhours ) 63.68 7213 7301 7301 7301 7301 E477 6448 63.08 63.08 63.08 6308
CO: [griKg) 2.59 213 213 213 213 213 213 199 216 215 215 215 215 .00
CO: Cumulative [T| 12743 22736 337487 44966 56144 673.23 Ta5.02 arv.ar arele 1075.98 17377 127156 127482 1274.82
H:S [grlKg) 0.23 022 0.24 0.2z 0.2z 0.2z 0.2z 021 0.24 020 0.20 0.20 0.20 .00
HzS Cumulative [T 146 2138 3467 46.43 53.30 012 8193 3152 102.78 11187 12087 130,06 130.37 130,37
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EMJ-42 (Tonthours)| 22.20 2171 2040 2040 2040 1403 19.97 19.97 19.97 19.97 19.97 19.97

CO: (grKo) 615 615 687 778 w78 .29 575 a7 a7 a7 7T 77 747 000
€O, Cumulative (T| 10271 19855 | 90587 | 41869 | 641 | 69695 | 69507 | 80967 | Gob2e | W03e86 | 15345 1265.04 1E7LEE 127156
H:5 [grKg) 0.25 025 0.7 0.7 0.7 .24 [ 0.26 0.25 025 0.26 0.26 0.26 000
H:5_Cumulative (T|__ 421 216 1235 16.20 2006 2355 2575 2944 T2 351 4050 4412 4431 4431
ETLI-43 {Ton/hours)| 2068 2063 1863 1863 1863 1863 1863 1863 1863 1863 1863 1863

€O, [(gr/Kg) 447 430 330 427 45T 45T 45T +ET [ 45T 45T 4ET 45T 000
CO; Cumulative (T| 6701 126.72 1466 | 24200 | S04l | s6r.es | 4z9ae | 492dE | 55507 | GITea 630,30 T42.92 74501 #4501
H.S (grfKg) 0.26 025 0.27 0.27 030 030 030 030 030 030 0.30 030 030 000
H:5_Cumulative (T|__ 392 745 1143 15.05 13.05 2302 2553 037 434 3,91 42.68 4655 4533 4693
EMJ-44 (Tonthours) 1608 188 19.64 19.76 19.76 15.76 16.76 16.76 16.76 19.76 19.76 15.76

CO; (grKa) 292 254 282 202 318 X 318 318 318 318 318 318 318 000
CO; Cumulative [T 4122 7321 1284 16339 19637 23935 28233 32631 36829 41127 454 25 49720 498 67 498 B7
H:5 (garKg) 0.26 023 0.26 0.25 027 0.27 0.27 0.27 0.27 027 027 0.27 0.27 000
H;S Cumulative [T 3EE E.41 385 13.25 1690 2056 2422 2788 3154 36.20 3886 42 51 42 64 42 Fd
EMJ-22 (Tonthowss)| 7642 7642 TEsZ el TEAZ 6753 Tr52 95,96 545 76.94 Trad TrA4

CO; [griKg) 17.08 17.06 17.06 1708 17.06 17.06 131 nar 0.ar 104 130 101 101 .00
CO; Cumulative (T| 53441 190731 | 2r42dz | 367604 | 4GIT5 | Bo4RET | GEWar | Geeadr | Eral09 | brewed | Geenor | B9ITM 5319.02 5913.02
H:5 (gr’Kg) 34 308 34 3 34 34 0.20 [ 0.25 [ 0.1 0.7 017 000
H:5_Cumulative (T|__ 17198 33250 | 60445 | 67646 | 4n44 | f0204z | 103023 | 104092 | 10576 | 6945 | fosnlz | Mgass 105001 103001
ETLI-24 (Ton'hours)| 3871 3971 380 387 |0 4052  |Test Prod|Test Prod|Test Prod| Test Prod. | Test Prod. | Test Prod.

€O, [(gr/Kg) 147 137 137 137 137 137 130 145 145 145 1.45 145 145 000
CO; Cumulative (T| 4313 TR.6E 1153 PS5 | fand0 | 23e24 | ev4se | 27430 | 27436 | 27496 | 2r4a6 | 27406 | 27436 27436
H.S (grfKg) 0.23 021 [ 0.2 0.2 [ 0.20 019 019 019 0.9 019 019 000
H:5_Cumulative (T|__ 676 1241 1545 2451 3056 361 4550 | 4250 | 4250 | 4250 | 4250 4250 4250 42.50
EMJ-25 (Tonthours) 1051 1051 1051 1051 1051 1051 1051 1051 1051 1051 1051 1051

CO; (grKa) 5.95 535 535 535 535 535 535 535 535 535 535 535 535 000
CO; Cumulative [T 4503 8706 13210 17713 22217 2E7.20 312.23 36727 402.30 44733 45237 A37.40 f38.90 B3890
H:5 (garKg) 0.9 013 0.9 019 019 [ [ [ [ 013 019 019 [ 000
H;S Cumulative [T 143 277 421 b E4 708 861 435 138 1282 1426 16 68 1712 1717 77
EMJ-26 (Tonthowss)| 4472 50.73 45.49 4472 4472 4472 4472 4472 4519 52.65 51.96 4375

CO; [griKg) 130 130 102 033 116 115 115 115 115 038 105 124 121 .00
CO; Cumulative (T|__#H62 0.55 [ 15134 | feaa0 | 22548 | zeesl | 299b7 | a96es | ea5 409,08 456,30 45E.75 46575
H:5 (gr’Kg) 0.23 023 0.21 0.21 013 [ 013 [ [ 021 0.20 0.20 0.08 000
H:5_Cumulative (T|__ 7.8 407 B 25,79 B 4055 47105 EH 321 6523 7380 .24 3135 8138
ETWLI-27 {(Ton'hours)| b2 2 A2 82 AE.48 70 ikt 5426 54 26 h8.29 E6.29 BT A6 E7 A6 E7BE

€O, (gr/Kg) 258 256 250 278 256 250 228 216 233 243 233 233 233 000
CO: Cumulative (T| 10455 19467 | 299.86 | 40236 | 50837 | 6lzd3 | voie4 | 7enen | sesar | ooz | Misad 122657 | 123054 123034
H.S (grKg) 0.22 025 0.2 0.25 0.2 022 0.20 022 01 020 (X3 (X3 [ 000
H:5_Cumulative (T|__&70 [ 25,69 35.98 4451 5360 6145 0 7503 &7.26 3615 105.04 10553 105.53
EMJ-37 (Tenthours) 53.36 53.36 53.36 5717 5717 717 4359 2114 2114 5015 49.30 4330

CO; (gr#Kg) 305 305 305 305 151 150 161 140 135 195 178 157 167 000
CO; Cumulative [T 17.09 22637 34246 4E0.55 H2E.EE H92.78 E62.29 T02.82 TIR5E TEL.20 232653 29167 29264 29264
H:5 (arKg] 0.39 039 0.39 0.39 0.21 0.21 021 0.28 0.27 027 019 019 [ 000
H;S Cumulative [T 1489 2878 4367 A8 A6 E718 76574 2440 9433 4839 102 45 10918 11686 11603 TE09
EMJ-46 (Tonthowss)| 2308 2340 23,05 23,05 21.38 2136 2136 2138 2138 21.38 21.58 2883

CO. [grikg) 328 329 334 337 337 323 323 323 323 323 323 323 314 n.oo
CO; Cumulative (T| 5456 105.05 168 | 2ire9 | erass | ueaes | awese | 4zeke | 4veae | Geede 5772 62142 623,62 62362
H:5 (gr’Kg) 0.24 024 0.24 0.2z 0.2z 0.23 0.23 0.23 0.23 023 0.23 0.23 0.20 000
H:5_Cumulative (T|__ 393 772 1174 16547 191 2267 215 2363 EER 59 40.07 4355 4368 4368
[EMJ-14 (Tonthours)| 4557 | 4353 | 4393 | 4399 [ 45371 | 3251 | 1982 | 4304 | 4304 | 4304 4304 4304

€O, (gr/Kg) 24 313 355 354 303 252 257 239 257 267 28T 28T 25T 000
CO: Cumulative (T| _103.54 20175 TM50 | 42606 | 62z | Wre6e | Wo4lrz | foeedd | feers0 | fro0de | 1e3add 191557 191563 191253
H.S (grKg) 0.23 025 0.24 256 0.25 0.25 [E] .23 0.2z [ 0.22 0.22 022 000
H:5 Cumulative (T| 7.4 1435 2266 10355 145 133.31 RN I T 25263 22347 223,70 22370

Paged

[EMI-28 (Tonthouss)| 24 20.91 0.1 26.96 26.86 T304 20.08 20.84 20.03 8 3188 3185

CO: (griKy) 283 236 225 237 252 252 26 133 249 250 23 215 26 0.00

€O, Cumulative (T|__65.7% T20.11 1039 | 22263 | 26961 | Jlb: | s6re9 | #N0E | 4eaEr | GRED 5734E G2ZAT G241l 241

H:S (griKg) 023 0.7 028 028 028 08 0.3 023 0.7 0.z3 023 02z 0.2 0.00

H.S Cumulative (T|__ 552 [ e 2620 304 £ 4098 4558 5177 56T 6193 GE.55 67.02 7.0z
|ICM.]—45 i !nnﬂmllrs) 2318 2298 227 1363 1363 13.63 1363 2504 2373 2702 2526 2626

€O, (griKg) 72T 052 38 [ 53 1159 1159 1159 1157 1233 63 224 #VALUE! 0.00

CO; Cumulative (T|__ 11340 25356 | 47els | 64645 | 50948 | oveds | 1on48 | 123849 | fouede | 17e04% | faeted | 212503 | #ALUE! | 213300

H.S (griKg) 0.2 0.29 030 028 032 032 032 032 032 0.28 025 027 117 0.00

H:5 Cumulative (T|__ 341 T34 232 [ 273 2617 3051 35.05 4143 45.24 5131 5613 43153 56,35
[FMI-20 (Tonhouss)| i .03 10.89 1105 105 1099 14.10 13,78 1292 1252 1282 1292

CO0; (g1iKg) 520 578 546 615 605 552 5.30 5 524 556 556 556 556 0.00

€O, Cumulative (T|__H3E 3453 12809 | 17636 | 2531 | 27ies | 313Ee | 36506 | 414l | 489S 521,30 57304 57477 574,77

H:5 (9riKg) 023 0.3 023 025 05 024 0.5 020 0.2 .24 024 024 024 0.00

H.S Cumulative (T|__ 150 353 53 = 932 2z 320 1522 1727 1947 ZET 7387 73,95 2395
[¥M3-33 (Tonhouss)| 16.75 1637 1675 a2 1732 732 1732 1732 1345 19.45 1944 1944

€O, (griKg) 519 458 450 501 439 [ 489 459 459 437 437 492 452 0.00

CO; Cumulative (T|__6257 11526 16329 | Zreee | 2aakr | G506D | eMe4 | dveez | G3ael | E0L@ TETT FHED 74393 4359
H.S (griKg) 023 0.29 023 029 029 029 0.29 0.29 0.29 0.23 027 024 0.24 0.00
H:5_Cumulative (T|___ 355 685 10.24 575 [ 2031 2448 .06 3164 3467 X 4153 4154 4154
[EMI-40 (Tonhouss)| 24 10.72 a4 24 652 [T 1552 1552 1562 62 17.07 1707

CO: (g1Kg) 652 652 745 a0 a0 .ol ol ol 72 7.2 T 641 641 0.00
CO; Cumulative [T H6.20 10673 164,20 22730 28029 37145 452.51 53256 E14.E2 E95.68 TTe3T 26415 266,72 26E.TE
H:5 (9r/Kg) 025 0.25 023 028 08 027 0.E7 087 027 027 013 015 0 0.00
H:S Cumulative [T 202 3.90 Al £8.29 10.6E 1272 16.79 19.86 2291 26.97 28.12 2037 2045 2045
[FMI-21 (Tonhouss)| 8523 6,15 55,14 84.69 84.69 85.99 85.99 .62 86.63 8293 52,95 52,98

CO: [griKg) 218 3.08 25E 212 210 2.0 2.02 2.03 2.90 3.24 2.94 276 278 0.o0
CO; Cumulative (T|__150.13 36525 | bedz | 7rr44 | 96656 | 1BO6T | 134300 | 153053 | Triees | 19ae: | 2095fe | 2o5asn | eends | 2eends
H:S [griKg) 0.20 0.24 0.25 0.24 0.26 0.25 0.23 0.23 0.25 0.24 0.2z 0.21 0.21 0.o0
H:S Cumulative (T| 2.2 2558 31 5579 0G5 5591 99.92 382 E021 | M54 158.23 17094 AT 137
[EMa-22 (Tonthouss)| a0e 3969 4034 23.20 23.20 33.89 3500 37.90 3616 3647 36,35 36.35

CO; (ariKa) 265 234 235 264 245 245 236 217 225 2.29 23 217 217 0.00
CO; Cumulative [T 22.29 145,66 21277 229,51 24120 39210 469,27 B12.77 520.20 £42.23 70511 TELEE TEZIT TELTT
H:S (ariKg) 027 027 025 029 028 028 022 0.27 0.25 .22 021 0.20 0.20 0.00
H:S Cumulative [T 782 161 22.26 3063 3624 42.14 48,32 BE.TE E2E4 E2.78 7448 79.80 79.92 7992
[FMI-62 (Tonhouss)| TEl 04 072 T2 133 T3.46 181 711 283 FE83 7283 T2.52

CO: [griKg) 256 2.55 247 258 258 249 4.10 2.00 2.04 3.28 238 322 2.25 0.o0
CO; Cumulative (T|__134.37 26577 | gehar | Glrd | G4Bal | vrest | 99id | T4ves | 0452 | M4uive | 165000 | iBg6ed 184158 164188
H:5 [griKg) 026 0.25 021 023 023 023 020 020 022 013 013 013 0.13 0on
H:S_Cumulative (T|__12.04 25,21 6.1 4777 55,40 7133 5188 5218 0363 1137 123,78 132,65 418 13418
[EMa-65 (Tonthouss)| E113 6253 6263 6253 66.67 69.02 69.39 B304 .53 053 05 .53

CO; (ariKa) 132 132 110 1.0% 0% 103 i1a 123 138 0.35 036 057 057 0.00
C0; Cumulative [T f8.23 12 67 16216 20894 25671 304 50 36336 42491 4592 84 f4151 B3017 E3962 E4127 E4127
H:S (ariKg) 025 0.26 025 025 025 023 0.24 0.25 0.23 018 018 0.20 0.20 0.00
H;S Cumulative [T NnE2 2246 3417 4630 FE.43 B7.14 7888 91.36 102 B2 203 121.38 131.32 13165 131E5
[FMI-72 (Tonhouss)| 75.85 70.31 70.31 .93 .93 62,91 6391 6331

CO: [griKg) 218 2049 208 254 254 214 214 . n.oo
CO; Cumulative (Ton) 42003 | o1289 | 19664 196395 21125 | 251344 | 2a95E2 | 290836 | 290836
H:5 [griKg) 187 174 174 218 218 183 183 183 0on
H:S_Cumulative [Ton) 36781 | BIGT4 | W02GE6  M2E1I  1A26TZ | 216430 | 248187 | 243279 | 243079
Total Cumultaive [Ton)




