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ABSTRACT

The main natural gas industry activities that may produce by-product or wastes are exploration, production,
storage, gathering, processing, transmission, distribution or some combination of these. Compressor station, for
example, generates various types and quantities of waste, which must be managed responsibly, in a manner that
does not threaten human health or the environment.

It is helpful to identify types and quantities of waste produced, especially hazardous and toxic material (B3),
in order to determine waste disposal options and to prepare management procedures in advance of waste being
generated. In other side, regulatory body has provided some regulations regarding hazardous and toxic waste
management.

Finally, it is important to evaluate the risk of hazardous and toxic wastes in order to provide waste manage-
ment policy. These topics will be discussed in detail in this paper.

I. INTRODUCTION in advance of waste being generated. It can also be used

Waste has become an important global issue since for assessing waste minimization and pollution preven-

the conference of Rio de Janeiro in June 1992, This is-  UOM OPportunities. :
sue is likely to give a significant impact either to human Waste management program at natural gas industry
health or the environment, if it is wrongly managed. De- faces sensitive disposal issues associated with hazardous

and non-hazardous wastes. Compressor station, for ex-
ample, generates various types and quantities of waste,
which must be managed responsibly, in a manner that

ciding whether a waste poses problem requires consid-
eration not only of its composition but also of what
happens to it. For most waste it is not necessary to know

more than what it is in very general terms, but sub- does not threaten human health or the environment.

sequent holders must be provided with a description of Therefore, this paper will discuss general waste
the waste that is sufficient to enable them to manage the management practice at natural gas industry, risk assess-
waste properly. ment of waste disposal options, and an overview of

For the natural gas industry, the main processes may waste management regulation as applied in Indonesia,
include exploration, production, storage, gathering, proc- in the handling of wastes from "cradle to grave".
essing, transmission, distribution or some combination

of these. Such diverse operations represent a large num- II. REGULATORY OVERVIEW

ber of potential waste sources. It is helpful to identify Most waste management activities are driven by
these sources and the processes associated with each. regulations. In fact, regulatory compliance is probably
This information can be very useful to determine waste the most challenging aspect of an environmental manag-
disposal options and to prepare management procedures ers position as several regulations effect waste manage-

* Bahan Berbahaya dan Beracun (Hazardous axic materials)
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ment at natural gas facilities. Therefore, understanding

these regulations is an essential part of disposal process,

s0 it may be useful to briefly review several important
slatutes.

In Indonesia, waste management regulations are in
the form of legislation, government regulation, ministe-
rial decrees, and others (decree of directorate general,
ministerial instructions, etc). The following laws and
stringent regulations are mandatory and have to be com-
plied with by the gas industries :
® Government Regulation (PP) Number 19/1994

and Decrees of The Head of Environmental Im-
pact Management Agency No.: KEP-01,02,03,
04,05/BAPEDAL/Y9/1995 are the significant regu-
lations affecting hazardous and toxic waste manage-
ment. The PP defines hazardous and toxic waste and
controls their handling through a cradle to grave
management system. Standards are applicable to
hazardous and toxic waste’s generator, storage and
collection, manifests (documentation), treatment and
landfill sites, and symbols and labels of hazardous
and toxic waste.

These regulations will give the Environmental Impact
Management Agency (BAPEDAL) necessary tools to
prevent human health and environmental damage by:
(1) establishing standards for hazardous and toxic
waste’s generators, transporters, treatments, storage
and disposal facilities; (2) creating licensing system
for hazardous and toxic wastes generators, trans-
porters, treatments, storage and disposal facilities; (3)
mandating strict penalties for violations; and (4) pro-
moting waste minimization.

e Decree of the Minister of the Environment No.:
Kep-42/MENLH/10/1996 is the regulation, which
provides the standard for liquid waste produced from
oil, gas and geothermal activities, such as exploration
and production, refinery, installation, depot, and ter-
minal,

The persons who are responsible for the above activi-
ties should: (1) manage the quality of liquid waste
produced below the standard for liquid waste, (2)
monitor daily liquid waste velocity, (3) monitor the
quality of liquid waste produced monthly, (4) report

monitoring activities to the Governor, the Head of
BAPEDAL, and the Minister of Mines and Energy as
well as the Director General of Oil and Gas every
three months.

s Decree of the Minister of the Environment No.:
Kep-13/MENLH/3/1995 is the regulation, which
provides the standard for gas emission produced from
stationary sources such as gas processing plants, gas
compressor stations, etc. This regulation has been
complemented by the technical guidance of air pollu-
tion prevention stated in the Decree of the Head of
BAPEDAL No.: Kep-205/BAPEDAL/07/1996.

Understanding the regulations is challenging and
will likely frustrate environmental managers attempting
to select waste disposal methods. The overview pre-
sented here is not inclusive of every regulation, which
controls waste management at the gas industries. How-
ever, sources of information and reference materials are
readily available and can be obtained easily. Regulatory
knowledge, moreover, is an important part of the waste
management decision process and an understanding of
regulations is necessary to maintain a good compliance
record.

The Agencies which enforce the laws and monitor
company compliance, such as BAPEDAL and Director-
ate General of Oil and Gas, often issue permits, The per-
mit represents a "contract” between the gas industry and
issuing agency, which allows the gas industry to law-
fully conduct the activities. Permits are usually required
before construction or facility modification and contain-
ing operating standards to which we must be adhere.

Violation of the permit conditions can result in: (1)
shutdown of operations, (2) fines and penalties, (3)
criminal charges, (4) poor public image, (5) difficulty in
acquiring future permits.

ITI. RISK MANAGEMENT OF NATURAL GAS
INDUSTRIAL WASTE

A. Types of Waste Generated

As natural gas is produced and processed, by-prod-
ucts and wastes are generated. They include such things
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waste water from drilling, processing, cooling, and other
operations; and waste chemicals, sludges, solvents, lu-
bricants, and trash.

These by-products and wastes are disposed of in air,
water, or land. A comprehensive list of waste streams as-
sociated with natural gas production, transmission, and
storage is presented in Table | and Table 2.

As waste streams are produced infrequently and in
small quantities, it is more practical to address waste
streams which might occur during normal operations.
Using this approach the list can be shortened and de-
scribed in terms of solids, liquids and sludges as pre-
sented in Table 3. These three tables can provide
valuable information which may be used to establish
current and future waste management plans.

B. Risk Management of Waste Disposal

The majority of wastes are disposed of directly to
land without chemical treatment or stabilized or solidi-
fied, and few per cent being incinerated. The main rea-
son is low cost needed and easier than other methods.
However, it can be argued that landfill is not suitable for
some hazardous and toxic (B3) wastes such as poly-
chlorinated biphenyls (PCBs) and highly flammable
waslices.

Although incineration is not commonly used, it is
considered to be extremely effective in destroying toxic
organic. Yel incineration will not treat toxic metals
which are more efficiently treated by chemical oxida-
tion. The choice of wastes disposal is therefore depend-
ent upon several factors such as cost, waste composition
and technology.
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1. Risk Assessment of B3 Waste Contamination

Risk assessment is a well-developed technique in
many fields, whereas its application to environmental
topics has so far been rather limited. The main stages in
assessing the environmental contamination are as fol-
lows:

e Hazard Identification; as this stage requires knowl-
edge of the source of contamination and the chemi-
cals, the ease of assessment can be greatly affected by
the number of chemicals potentially involved and by
how well understood they are.

e Exposure Assessment; the assessment of how much
of a given substance comes into contact with human
population or other receptors.

* Dose-response Assessment, this stage depends on
toxicology and ideally epidemology. The Environ-
mental Agency has laid down guidelines to improve
the accuracy of the dose-response assessment of
chemicals.

e Risk Characterization; this stage summates all the in-
formation to produce meaningful statements of nisk.

However, the risks from environmental contamina-
tion are difficult to assess as the scope of such contami-

nation in terms of target and effect tends to be very wide,
the knowledge of ecological effects and environmental
pathways is limited, chronic low-level doses tend to be
involved which presents problem for detection and dose-
response assessment. The basic sequence to estimate the
risks anising in any discharge is illustrated in Figure 1.

For each particular type of emission, the risk to a
population can be assessed only after an examination of
pathways has given some figures for the number of peo-
ple who might be affected and the dose of toxic materi-
als they may have received. The procedure is illustrated
in Figure 2, while an idealized pattern of research lead-
ing to dose-nsk relationship is given in Figure 3,

2. The Disposal of B3 Waste to Land

Generally, there are two types of landfill, dilute and
disperse sites, and containment sites. The trend in most
developed countries has been toward containment site as
it is engineered in order to isolate their contents from the
environment., Containment site is effective for radioac-
tive materials or other toxic substances that lose their
toxicity with time.

The common problems, which are resulted in the
disposal of B3 wastes to land, are surface and groundwa-
ter pollution by leachate, accumulation and disposal of
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landfill gas. Accordingly, there are six alternative treat-
ments for leachate: (1) disposal to sewage works, (2)
aerobic biological treatment, (3) anaerobic biological
treatment, (4) physical-chemical treatment, (5) leachate
circulation, (6) soil and land treatment.

It is suggested that in order to minimize leachate, it
is important to understand the "water balance” of a land-
fill, as illustrated in Figure 4. The main factors contribut-
ing to this balance are water input, surface area, nature
of wastes, site geology, and surface liquid storage.

Mellanby (1992) suggested that the ideal landfill site
is a large hole, covering an area of many hectares, in
level ground in a clay soil. The thicker the layer of clay
below the site, the better. In some cases, it has been im-
possible to find convenient sites, whereas artificial liners
made from bitumen, butyl rubber or various plastics may
be used.

The common problems, which are resulted in the B3
waste disposal to land, are surface and groundwater pol-
lution by leachate and the accumulation and disposal of
landfill gas. Accordingly, there are six alternative treat-
ments for leachate in accordance with Pardfitt, er al.
(1993), such as: (1) disposal to sewage works, (2) aero-
bic biological treatment, (3) anaerobic biological treat-
ment, (4) physical-chemical treatment, (5) leachate
circulation, (6) soil and land treatment.

It is also suggested that in order to minimize
leachate, it is important to understand water balance of a
landfill, as illustrated in Figure 4. The main factors con-
Labuting to water balance of landfill site are water in-
puts, surface area, nature of wastes, site geology, and
surface liquid storage.

The ideal landfill site is a large hole, covering an
area of many hectares, in level ground in 4 clay soil. The

'Ali of xha ahove exc&ming '
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thicker the layer of clay below the site the better. In
some cases, it has been impossible to find convenient
sites, whereas artificial liners made from bitumen, butyl
rubber or various plastics may have been used. These
can only be filled with disposable matenals, which do
not emit soluble substances for long periods.

The potential pathways for migration of landfill dis-
posal are particularly complex. Therefore, the applica-
tion of risk analysis methods depends upon knowledge
of the inventory of toxic materials in a site and the vari-
ation of this quantity with time. The main mechanism

RISK MANAGEMENT AND POLICY

that may affect the release of B3 waste from disposal site
is illustrated in Table 3.

3. B3 Waste Incineration

The problems of landfilling B3 wastes can be re-
duced by chemical destruction techniques. The most
widely used chemical destruction method is incineration,
which can be regarded as clean, final solution to the
management of combustible wastes on various convic-
tions: (1) Cenain toxic or harmful contaminants can be
converted into harmless compounds by oxidation in the
incineration process; (2) Incineration of B3 wastes is an
excellent method of volume reduction; (3) In any selec-
tion of a technology for waste treatment, organic wastes
with sufficient calorific value may preferably be dis-
posed of by incineration with heat recovery to utilize the
heat content of the wastes.

However, it should be considered the side effects of
the incineration process, such as: (1) emission from in-
cineration, which have to be controlled to eliminate par-
ticulate, noxious gases and other hazardous components,
(2) effluent from flue gas punfication, which may arise
for disposal, and (3) by-product that may be generated.

In order to assess the risks of the incineration for B3
wastes, several models have been developed. However, a
complete system study of the risks of the incinerator
plant should include an estimation of the risks arising
from normal operation and appraisal of the frequency
and consequences of abnormal events, including mal-op-
eration and accidents. The topics that have to be ad-
dressed in the case of incinerators are set out in Table 4.

IV. WASTE MANAGEMENT POLICY ON B3
WASTES

B3 waste management means the organized and sys-
tematic channeling of wastes through pathways to assure
their appropriate disposal with acceptable public health
and environmental safeguards. In accordance with PP.
No. 19/1994 regarding Hazardous and Toxic Waste
Management, this includes the storage, collecting, trans-
porting, processing of B3 waste, and the disposal of the
products of such processing.

24
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The management of B3 waste has developed in-
creasingly to a central issue in the overall environmental
policy in most developed and developing countries. In
Indonesia where the industrial sector has developed rap-
idly during ten years, the management of B3 waste plays
an important role in the form of B3 waste management
program since 1989. This program deals with: (1) tech-
nical drafting of regulations, (2) B3 waste category/pri-
ority list, (3) guideline and training: facilities, generator,
waste oil, and industries, (4) facility development: treat-
ment, storage, and disposal, (5) waste reduction, reuse,
and recycle, (6) the management of B3 waste and pro-
ject.

The Environmental Impact Management Agency,
BAPEDAL, has developed the program by formulating
five steps to the safe management of B3 waste as illus-
trated in Figure 5.

However, there will be found several constraints in
the implementation of B3 waste management policy in
Indonesia that should be taken into account by the gov-
emment such as the use of polluting technology, low in-
frastructure, weak law enforcement, low awareness
among the community, waste processing unit considered
as non-productive investment, lack of expertise in the
process of B3 waste.

V. CONCLUSION

Based on the above discussion, the following main
points can be concluded:

I. Natural gas industry may produce by-products
and wastes such as exhaust gas, vent gas, and
leaking vapors or gas; waste water from drilling,
processing, cooling, and other operations; and
waste chemicals, sludges, solvents, lubricants,
and trash.

2. Some of them may be categorised as B3 (hazard-
ous and toxic) wastes that should be handled with
care in accordance with B3 wastes management
regulation that applied in Indonesia. The decision
to dispose of B3 wastes is determined by some
factors, such as costs, waste composition and

technology used. As mentioned, it is basically an
economic decision.

The current approach to evaluate risk at B3 waste
site is largely hypothetical. The application of risk
analysis methods to landfill sites depends upon
knowledge of the inventory of hazardous and
toxic wastes in site.

The Environmental Impact Management Agency,
BAPEDAL, has developed the program by for-
mulating five steps to the safe management of B3
waste.
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