
ABSTRACT

Growing with the increasing Exploration & Production
(E&P) activity in Pakistan, generation of resulting waste
is becoming an alarming concern. With its disastrous
impact on our environment, every opportunity must be
utilized to eliminate/minimize the generation of the
waste at all activity hierarchies of E&P.

The paper presents a study conducted over an E&P
field, covering both the ongoing drilling activity and
production operations at the site. The study was spread
over a time span of 1½ year as a joint venture of the
Operator Company and GIK Institute, Topi. NWFP.
The aim of this project is two-fold: establishing a
baseline study that could promote an environmental
friendly workmanship in the subject industry; and,
identifying the waste management system as a tool
towards operational optimization with improved profits.

In this paper we shall cover only our observations made
onsite and the results of the analyses conducted on the
samples from waste streams. In the end a few mitigative
measures are suggested aiming at minimizing the waste
generation or to eliminate it.

INTRODUCTION

Waste materials released during E&P activities include
drill cuttings in the drilling fluids, produced water,
workover and completion fluids, and sanitary wastes.
These waste streams contain affluents (though in very
small amounts) that are highly toxic and many are
extremely hazardous when entered into the water bodies
beneath the earth. Moreover, when the wastes from

different sources end up at the same place-waste pit,
chemical reactions may frequently arise because of the
chemical incompatibilities of the effluents, which may
burst into flames immediately or hours after mixing;
emit noxious or toxic gases; or simply bubble and fizz
out of the pit. This study addresses the problem of waste
disposal by identifying first the hazardous elements/
entities present in the effluents and then suggesting
suitable disposal methods.

After some initial research, it was a general impression
that most companies are just trying to identify and cope
with the vast problems inherent to the disposal of waste
materials primarily because of the lack of infrastructure
to facilitate and patronize culture of environment friendly
E&P activities in Pakistan. However, an encouraging
trend of conducting a third party Environment Impact
Assessment (EIA) as a legislatory requirement does
exist which is normally conducted at the commencement
of a new well project on an oil field.

This paper is derived form a project that aims at the
development of an Environmental Management System
(EMS) for Oil & Gas (O&G) sector of Pakistan. The
project was executed in three phases:
1. Collection of basic information on current status of

studies carried out on the assessment of the
environmental impacts in the sector and to assess
of the range and scope of such studies and their
outcome.

2. The analysis of the waste streams especially drilling
wastes and produced water. From our preliminary
discussions with O&G professionals the need to
conduct a systematic study in this direction was
highly emphasized as no such study has been carried
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out to date.
3. The development of a viable EMS, capable of

addressing various environmental aspects/problems
of the sector and of providing efficient and
economical solutions.

However, in this paper we intend to focus on various
major environmental concerns arising on account of
mal-practices in waste management during onshore
exploration and production (E&P) activities of the local
oil and gas industry. The onsite observations, attitude
of the operating staff, and analysis of waste streams are
highlighted.

METHODOLOGY

After selecting the site of interest, the team visited the
site and collected the representative samples of the
waste releases, nearby soil, and produced water. These
samples were analyzed utilizing both the in-house
material characterization techniques like X-ray
Diffractometer, Scanning Electron Microscopy, and the
external resources like the specialized laboratories of
Hydrocarbon Development Institute of Pakistan (HDIP),
which extended their dedicated facilities of environmental
testing of soils and water samples. During the course
of the project we had the opportunity to interact with
staff on operations, concerned authorities, representatives
of the legislative bodies, and the local community. In
the subsequent phase environmental impacts of these
affluents on the life patterns, social activities, and
medical health of the locale were tried to be figured out.

Based on the analyses results, relevant legislation, and
our observations we have tried to highlight the
environmental issues arising of unhealthy waste disposal
 practices and unaware workmanship on a typical E&P
site in Pakistan.

RESULTS & OBSERVATIONS

Frequent site visits were made to collect representative
samples of waste mud, waste pit water, produced water,
and surrounding soils. Every effort was made during
sample collection, preservation, and transportation to
assure that the samples collected shall reveal true pictures
of the trends under study. The analysis of the produced
water, contaminated soil, drilling mud, and the waste
pit water was conducted in the Geochemical Labs of
the HDIP. The available facilities are sufficient and
adequate to conduct such an analysis. The labs own the
certification of environmental testing from the PAK-
EPA. The details of the sampling, test procedures, and
entities / elements of interest have been avoided, to

leave more emphasis on the results produced, and the
observations made.

Samples were mainly tested for their metal contents,
total solids, quantities of chloride and sulphate ion, and
pH etc. The results shall appear categorically and detailed
in the ensuing paragraphs.

Waste Mud Testing

The samples were tested for the elements/entities listed
in the Table 1. Corresponding are their concentrations
present in the samples, obtained using the appropriate
testing facilities. The next row gives the permitted
concentrations of these in the waste releases as defined
by the National Environmental Quality Standards
(NEQS) [1]. The description of each element is also
given here for reference as laid down by the NEQS.

It is quite evident from the results that the concentrations
of the heavy metals in the muds are alarmingly high.
Especially the amount of lead in the waste effluent is
an issue per se. The drilling practices followed at the
sites may involve excessive usage of lead primarily in
the drilling fluids. The metallic components of the
drilling equipments/accessories may bear lead as an
alloyed element in their base material. Chromium, iron,
copper are the common engineering materials. However,
the use of such materials in petroleum engineering is
unavoidable so is the releases of such in the effluents,
but such high concentrations of these allude to some
malpractices in the drilling operations. As shall reveal
in the further reading the concentrations of such is also
found high in the adjacent soils.

Soil Testing

Two duplicate samples as per following details were
tested for the anticipated constituents.

S 1 is the soil sample from the pit vicinity.
S 2 is a reference sample of soil taken from a remote
land.
The results obtained are presented in the Table 2.

As evident from the table, summarizing the results of
the soil analyses, heavy metal concentrations are
exceedingly higher than the permissible limits. This
indeed, is because of poor handling and drainage of
waste streams at the site since the commission of the
production waste pit. The possibility of soil being
inherently concentrated with heavy metals is ruled out
by taking test samples from far off as reference. The
higher concentration of iron may be due to the typical
geology of the area. This is borne in mind that
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the Potohar region is rich in metallic minerals especially
iron and chromium economic excavations of which
generate reasonable proportions of the total consumption
of the country. But such high concentrations near the
growing fields can render serious consequences.

General Observations- It was observed that near the
pit soil texture had changed drastically. The land near
the pit was found flaked off with the topsoil layers
removed. The color of the near by soil had formed a
profile as the distance increased with dark brown near
the edges of the pit to light brown at far off’s. The Fig
1 (a-d) shows pictures revealing the observation.

The difference in the contrast clearly shows the
concentration gradients of the constituents present in
the soil developed over the years of operation of the
pit. The testing of soil to model this profile is suggested
as a proposed future work. However, this typical analysis
is beyond the scope of this project and may be carried
out for research motives. The purpose here is to record
our observations made during our stay at the site with
regard to our prime areas of focus: soil patterns being
one of such. The study may be found relevant if detailed
Environmental Impact Analysis of the ongoing
operations is carried out onsite.

Waste Pit Water

Two samples of waste pit water were collected and
analyzed for any hazardous constituents. The general
observation was that it had an odor of oil and was black
in color. The test results implied the samples
contaminated with high concentrations of heavy metal.
However, the situation is less drastic compared to that
in the case of mud. The results were compared with the
NEQS and a comparison is presented in the Table 3.

Produced Water

Produced water analyses were more important keeping
in view the way it was being disposed off. It was being
drained off to the growing fields, without any prior
treatment. The test results showed only high
concentrations of chloride and sulphate ions.

General Observations (Associated Wastes)

Associated wastes are a relatively small but significant
category of waste from the oil and gas extraction industry.
Ranged on a variety spread from workover and
completion fluids to domestic and sanitary wastes, the
“associated wastes” encompasses small volume waste
streams essential to oil and gas extraction. Because of
their nature, these waste streams are the most likely to
contain constituents of concern.

Because associated wastes encompass such a diverse
set of waste streams, generalizing about disposal options
is difficult. What is appropriate for one stream may not
be appropriate for another. These wastes must be
segregated from each other and managed as per relevant
rules and guidelines.

It was a general observation that site management
observed poor house keeping and spillage control
proving their obliviousness of occupational health and
environment practices. Fig 2-5 show a few of such
examples observed onsite.

ENVIRONMENTAL IMPACTS

Cumulative impacts from existing oil and gas
development, or from future development, has never
been thoroughly understood or evaluated in its absolute
terms. Cumulative impacts analysis also requires a
thorough inventory and comprehensive evaluation of
air quality degradation, drilling muds toxicity, vessel
traffic hazards, oil spill probability, and visual quality
disruption. Cumulative impact analysis is complicated
because it entails evaluating existing, approved,
proposed, and projected developments and determining
how these developments would cumulatively impact a
variety of resources.

Human Habitat

People of the surrounding community suggest that over
the past 10-15 years renal problems have increased with
an alarming shoot in the cases of Hepatitis. A detailed
study conducted by the medical expertise on the locale
may possibilities of it being in anyways related to the
ongoing activities. Analytical studies conducted on hair,
nails, and teeth of the living beings followed by a
medical analyses can serve the purpose. In this regard
no consultation with the local authorities like the local
hospital, Union Council, or the District Health Officer,
etc was sought that could resource some statistical data
to support or negate the argument.

Heavy Metal Poisoning

Medical literature reveals that the acute or chronic intake
(direct or indirect) of heavy metals can lead to fatal
ailments. Cadmium, Arsenic and Mercury are considered
“poisonous” in a layman jargon but medically all heavy
metals with few exceptions equally disrupt the pathology
of a living with their characteristic implications.
Especially chronic (low and regular) intakes are more
effective than the acute (abrupt high dosage) in causing
long term effects. There are inevitable means where
heavy metals entering into the nutrition cycle of the
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local people make their way through the nutrition intake
of the crops from soil.

Below enlisted are a few of such likely to be caused by
the intake of the heavy metals [2].

Lead- Lead poisoning due to ingestion is manifested
by a metallic taste, anorexia, irritability, apathy,
abdominal colic, vomiting, diarrhea, constipation,
headache, leg cramps, black stool, stupor convulsion,
palsies and coma. Chronic lead poisoning may cause
involvements of the central nervous system, the blood
forming organs, and the gastrointestinal tracts.

Iron- Chronic intake may cause the damage of liver
and pancreas along with the exogenous hemosiderosis.
Acute manifested by lethargy, nausea, vomiting, tarry
stools, diarrhea, fast and weak pulse, hypotension,
dehydration, acidosis, and coma.

Chromium and Chromates- Chronic ingestions result
in abdominal pain, vomiting, shock and oliguria or
anuria. Skin contact leads to the incapacitating
eczematous dermatitis and ulceration. Ulceration and
the perforation of the nasal septum also occur. Acute
hepatitis also occurs.

Zinc- Zinc is required in the diet (an essential trace
mineral) and is not toxic in moderate amounts. Excesses
will cause signs of heavy metal poisoning similar to
lead. Zinc most commonly affects the gastrointestinal
tract and neurological system, leading to signs associated
with these organs.

Wild life

It was a general observation onsite that in the absence
of proper barricading measures wild animals frequently
moved across the main activity area-the rig platform,
warehouse, waste pits etc. It was a common site animal
drinking water from the waste pit, and grazing in its
vicinity. The scenario becomes critical since these cattle
are reared by locale of the nearby villages and qasbas,
who directly or indirectly depend on the dairy products
produced by the milk of these animals.

Some of the instances are shown in Fig. 6-8 which are
the photographs taken on the spot.

Vegetation

The site under study has been in operation for nearly
around 25 years, with 19 wells drilled during the course
of time. These wells along with their share to the
economy of the country continuously added to the

devastations cast over the environment and ecology
during their operations. Malpractices in waste handling
particularly improper waste-pit design not only allows
but assures waste effluents seeping into the underground
water bodies. The cultivable lands where a regular crop
pattern is followed surround the activity area. Lying
very close in the vicinity of waste pits, these pits
constantly siphon out their hazardous contents to these
growing fields. Due to phenomenally regular intake by
these fields harmful elements/entities are increasingly
being added to our nutrition cycle.

As an observation to note the surrounding vegetation
apart from the growing area had undergone severe and
devastating effects of the unprotected and unchecked
activity. Decholorophication, wherein the leaves begin
to loose their green pigment, is a common sight. The
photographs taken onsite are attached as Fig. 9-10

Socio-Economic Impacts

Prolonged E&P activities in the area contrary to their
detrimental impacts have pursued the sustainability that
add economic and social value to the communities in
which they occurred. The additional direct and indirect
employment generated by the activity is significant
both at the regional and national level. The unskilled
labor required for both the direct and indirect jobs
generated by the project are made available from with
in the surroundings.

During the stay at the site, we had ample opportunity
to interact with the surrounding community- consisting
of around 10,000 to 12,000 living heads spread in a
few nearby villages and qasbaas.  A questionnaire had
been prepared questioning about their livelihood,
hereditary diseases, land productivity, and animal
diseases, etc. As many as 80 such questionnaires were
filled giving an impression that people on the whole
are happy with the ongoing operations in their area.

General attitudes reflect that the positive impacts have
been created on the economy of the surrounding
community giving a boost to the standard of living.
Around 40 % of the families involved (direct or indirect)
in the current operations in the field with at least one
member employed with the Operator Company. Kacha
roads around the fields and the adjacent villages have
developed Puccah after the Operator commissioned the
field.

PROPOSED FUTURE WORK

The project aimed at establishing a baseline study that
could promote an environmental friendly workmanship
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in the subject industry. An expert solution at this level
of research would have been an enormous ask. However,
this is a realization alluding to varied dimensions of
prospective research in this area. Several issues came
up the way during the course of the project which
themselves could be taken up as independent work. In
this regard it was quite essential to highlight a few
important directions to assist individuals or organizations
taking up a similar task in future.

Medical Investigations of the local people

Investigations carried out on the waste-streams reveal
presence of high concentrations of heavy metals. Chronic
or acute intake of such may result in various diseases,
the details of which have already passed. Medical
literature suggests carrying out investigations on hair
and nails of the surrounding community to assess the
hazardous impact. The details can be sought consulting
the relevant subject material.

Development of dedicated waste treatment techniques

Development of dedicated disposal solutions to the
waste streams could be another direction to work upon.
During the course of the project it was a common
observation that neither of the sites employed adequate
waste disposal plans. Unavailability of appropriate
techniques to carry out such a task may account for
such a scenario. Complete report of the project describes
in detail the industrial process involved, the probable
and the actual waste out comes and suggested remedies.
Under the light of these entire one may design a dedicated
solution without actually entailing the know how of
petroleum engineering. For examples economical
excavation of heavy metals from the mud, optimal
recovery of drilling mud from the waste streams, etc.

Post-operations Impact Assessment of the site

Carrying out environment impact assessment before
commissioning a site is a regulatory requirement.
However, no measures are adapted to assess the post-
operation environmental conditions of a site marked by
prolonged E&P activities. This, if done, will help
revealing a true picture of how such activities or the
mal-practices in the disposal systems result in the
environmental disbalances. This is can be initiated once
the drilling is over and the production is commissioned.

Impact assessment of E&P on the natural habitat

It was a common observation that due to inadequate

barricading measures, animals frequently penetrated
into the operation area, which was surrounded with
growing fields. Deteriorated soil and floral patterns
around the field was a common sight. To investigate
this effect in depth a study envisaging a thorough
analysis of the plants and soils with in and outside the
peripheries is recommended.

Economic impact assessment of the local community

Existing environmental problems can be attributed to
the alarming quantities of waste generated due to
prolonged E&P activities in the area. This, however,
has had some positive implications contributing to the
economic uplift of the surrounding community. Locale
involvement in the industry is necessary to acquire
domestic cooperation and goodwill. People from the
surrounding area are generally preferred when it comes
to the induction of labor into the corporate. Surrounding
communities benefit from these activities resulting in
improved life patterns and social uplifts of its population.
A detailed study aimed at establishing relationship
between the enhanced demography, improved life
patterns, and the ongoing E&P activities is suggested.
This shall entail how people of the surrounding area
have benefited from the economic and social boosts
offered by the E&P activities in their area.

Rehabilitation/reclamation of an abandoned site

An independent project may take up a task of
rehabilitating a site, which has been used for drilling
and production activities. This may be done by
investigating and manipulating agronomics and land
patterns of the area.

CONCLUSIONS AND SUGGESTION

Who is held responsible for this kind of negligence
casting shadows of environmental devastations over
the area: the Operator or the local Environment
Protection Agencies? Will these areas ever be cleaned
up when more and more is being added to environ with
the ever-increasing rate. Above all will we ever learn
to be and keep clean for our and others sake?
The significance of such a culture is well established
in the developed nations as it leads to improvement in
efficiency, abetment of deleterious environmental
impacts, and enhancements of profits. It is about time
that local O&G industry also promotes and patronizes
the promotion and promulgation of environment friendly
workmanship in its E&P activities.
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CONCLUSIONS

Following can be concluded from the preceding
paragraphs:

· Drilling activity causing potentially significant
impacts on the environment.

· Presence of alarming amounts of heavy metals in
the waste streams and soil around is witnessed. Poor
waste disposal techniques like unlined pits may have
contaminated the water bodies.

· Growing fields surrounds the activity area; these
fields may take up these heavy metals and add them
to the nutrition of the crops grown.

· Cattle frequently found wandering around the waste
pits to graze and drink

· Local attitudes reflect increased medical or general
health problems over the last decade or so. However,
positive impacts can be observed in their life patterns.

· Relevant legislation does exist but implementation
of these is lacking. A change from with in ourselves
may help promoting environment friendly culture
in the industry.

SUGGESTIONS

On account of a general understanding of the industrial
processes involved, analysis of test results, feedback
from the industry and our own observations following
are suggested:
· Surveys studying heavy metal impacts on the

community are required to be carried out.
· Proper measures to be adopted to avoid ground water

contaminations by improving waste handling and
disposal techniques.

· Reduce wildlife ingress into the active fields by
applying proper barricades surrounding the field,
and especially the main activity area.

· House keeping should be improved. This shall help
decreasing generation of associated waste to a
minimum.

· Adequate disposal plans such as follows may be
adapted:

Liquid waste disposal
o Underground injection
o Physical/chemical treatments
o Treat and discharge

Solid waste disposal
o Cementation of the waste
o Commercial disposal
o Reuse/recycle

· Some appropriate pollution control strategies are

suggested:
o Modern site selection & drilling techniques
o Closed loop drilling fluid system
o Downhole produced water separation
o Substitution of drilling fluid additives
o Lead free engineering
o Oily sludge minimization
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Table -3: Results of Waste Pit Water

Table-2: Analyses of Soil Samples

Table-1: Analyses of Waste Mud Samples
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Table-4: Produced Water Analysis

(a) < 5 m from the edge of pit (b) at 20 m from the edge of pit

(c) at 50 m from the edge of pit (d) at 100 m from the edge of pit

Fig. 1 - Color Gradients formed in the soil
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Fig. 2 - Methods to combat oil leakage problem!!

Fig. 3 - Oil drained off to the field
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Fig. 4 Oil drained off to field

Fig. 5 Warehouse or Filth Depot?
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Fig. 6 - Cattle grazing at the outlets from the rig activity area

Fig. 7 - Animal drinking “water” from the unlined waste pit
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Fig. 8 - Animal grazing near the waste pit

Fig. 9 - Unlined production waste pit adjacent to the growing fields
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Fig. 10 - Unlined production waste pit-adjacent to the growing fields
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