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EXECUTIVE SUMMARY

block KG-DWN-98/3 (referred to as block KG-D6) in Krishna-Godavari
india in Bay of Bengal was awarded to Reliance

ndustries Limited (RIL) and Niko Resources Limited, Calgary, Canada (NIKO)
inder NELP-1 bidding round. RIL, as Operator of the block holds 90% of the
»articipating interest and NIKO the remaining 10%.

deepwater
3asin off the East Coast of

-western boundary is about

The block covers an area of 7645 sq kms and its north
Water depth in the block

40-60 kms southeast of Kakinada in Andhra Pradesh.
ranges from 400 m to 2700 m.

ocessing of 1,000 Ikm of 2D seismic data acquired prior to the
award of block, an additional 1,434 lkm of 2D seismic data and 1,822 sq.km of 3D
seismic data was acauired, processed and interpreted during the initial seismic
acquisition programme. Following a focused interpretation approach, a number of
prospects were identified for exploratory drilling. The first exploratory well, D6-A1,
was spud in April, 2002 at a water depth of 642 m resulting in a major gas
discovery, subsequently named as Dhirubhai-1 Gas Discovery. The gas discovery
associated with the drilling of D6-B1 well during August-September 2002 at a water
depth of 1152 m was subsequently named as Dhirubhai-3 Gas Biscovery.

in addition to the repr

fied in the block are submarine channel-fan
ly sinuous with multiple channels stacked
eral aggradations. The different play types
include channels facies, overbank and submarine fans. Channel geometry and
facies distribution brought out in different parts of the block through seismic
imaging have been confirmed by drilled wells, which encountered stacked channel

complexes of upto 350 m gross thickness.

Tie major reservoir systems identi
complexes. The channels are most
together resulting in both vertical and lat

te sands flanked by levees
flowed gas during DSTs in
main channel

Dhirubhai gas reservoirs are sinuous stacked turbidi
and over banks. Both levees and over banks have

D6-B1 and D6-A2-A, which is in addition to the gas accumulation in
sands. This different nature of sands manifests itself as a highly hetrogenous
accumulation both spatially and vertically. Sands vary in grain size and distribution
swinging from thick to thin bedded with porosity variation from 20% to 38% (from
core data in D6-A2-A well) in wet sands and permeability ranging from several milli-

Darcy to few Darcy.
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The reservoir fluid is basically methane (>99%) with traces of carbon dioxide
(approx 0.15%). The specific gravity of gas is approximately 0.556. The gas is dry,
practically no H,S and very small amounts of ethane, propane and butane.

Two of the main channel complexes identified are Channel A and Channel B
through which exploratory appraisal wells D6-A1 and D6-A2A and D6-B1 and D6-82
respectively have been drilled. The initial development targets only a portion of
these two channel complexes namely Dhirubhai-1 and Dhirubhai-3 Discoveries that
have been already declared as Commercial Discoveries; the corresponding
development area is approximately 339 sq km, which Is approximately 4.5% of the
total block area.

The Original Gas-In-Place (OGIP) for Dhirubhai 1 and Dhirubhai-3 as per RIL’s in-
house studies is estimated to be 8300 BCF (Proved + Probable). In view of ihe
complexity of the turbidite reservoirs and the associated uncertainties with respect
to heterogeneities, complex channel system etc., various agencies were engaged
to estimate the OGIP.

The following table gives the OGIP estimates (in BCF) as assessed by various
agencies:

Agency Proven Proven + Probable { Proven + Probable + Possiblle
RIL-Inhouse 546 8300 10802
D&M 3139 6174 7681
PGS 5226 6384 7840
Petrotel 7687 10318 12158

As can be seen from above, D & M estimate is the most conservative and Petrotel
estimates are the most optimistic. RIL's in-house estimates are midway between
these two extreme scenarios. The D & M estimates do not take into account the
increased porosity and gas saturation etc. based on the core studies and the
estimated reserves in thin beds, the details of which have subsequently been
provided to them. D & M's revised estimates based on the additional data are
expected to be available in a couple of months.
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As stated above, the proposed initial development covers only 4.5% of the total
block area. Considerable _upside potential exists in the form of already known
discoveries such as Dhirubhal-2 (well D6-C1), Dhirubhai-4 (well D6-F1), Dhirubhai-5
{well D6-SH2) and Dhirubhai-6 (well D6-D1) and other possible discoveries from the
large area of the block yet unexplored. This upside potential is expected to resuit
in:

* Either, prolonging the plateau period beyond the current projections
¢ Or, committing higher gas sales volumes
* Or, both the above

The proposed initial Development Plan, therefore, takes into account enough
flexibility to fit into the overall development of the block without being a constraint
for future developments and also to take care of mid-course correction, if any.
Accordingly, the initial Development Plan is based on following considerations:

() Early gas production to meet the country’s growing demand and in
accordance with the spirit of the GOI's New Exploration Licensing Policy,
which is further reflected in the PSC wherein it stipulates that the
country’s petroleum reserves be explored and exploited with utmost
expedition.

(i) Match the field development as per build up in the market demand
(iii) Minimise uncertainties and risks associated with

a. Reserves and Reservoir performance

b. Market Demand build up and Gas Availability from other sources, gas
transportation infrastructure schedule.

c. Developments in Deepwater Technology

(iv) Enough flexibility to cater for

a. Integration of facilities for other known discoveries/future discoveries
in view of the considerable upside potential of the block and
ongoing/planned exploration programme.

b. Quick ramp-up and gas demand growing beyond the present
projections.

c. Ability for any midcourse corrections

The development concept is basically sub-sea tie-in to an onshore
receiving/processing terminal with a shallow water compression platform to be
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installed in future. Control of the sub-sea systems is proposed to be achieved from
the onshore terminal via dedicated electro-hydraulic umbilicals. Similar
development concept of sub-sea tieback either on an existing offshore platform or
onshore terminal has been followed in many other deepwater gas field
development projects such as Mensa (Gulf of Mexico), Scarab/Saffron (Nile Delta,
Mediterranean Sea), Malampaya {South China Sea) etc.

Congeptual Engineering and Front End Engineering Design for the facilities has
been carried out by Aker Kvaerner and verified by other third parties such as
Bechtel, DNV, Scandpower etc.

Wet wells i.e. wells with sub-sea completion are proposed to be drilled; which
could be vertical/deviated depending upon the down hole location: Suitable sand
control measures such as Gravel pack / Expandable Sand Screens / Frac Pack are
proposed to be adopted based on reservoir management requirements and techno-
economics. The X-mas trees will be horizontal trees for 10,000 psi rating. All the
wells will be connected to manifolds (each of 6 well provision), which in turn will be

. connected to Deepwater PLEM by infield deepwater pipelines. Twin 24”7 dia.

pipelines will be the main evacuation lines starting from DWPLEM to Onshore
Terminal for processing and custody transfer. The Onshore Terminal will be self -
sufficient facility having the required captive power generation.

One of the key challenges related to deepwater development is flow assurance and
prevention of formation of hydrate plug in the pipeline system. The same has been
studied exclusively for varying flow and fiuid composition scenarios and is
proposed to be inhibited by continuous injection of MEG. Methanol injection at
wellheads is proposed during the start-up and shut down conditions.

The key principle followed in design and selection of equipment / facilities are
based on the following:

> Use of proven technology, as far as possible
> Use of standard equipment / product

- » Highest operational Reliability and Availability
»  Simplicity in Design and Operations

> Flexibility for integration of other known and future discoveries not only
within the block but also in the neighbouring blocks, if any.
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The facilities are proposed to be designed, operated and maintained to ensure
highest system reliability and availability. Subject to the comments belcw, reliable
and proven equipment, both at subsea and onshore will be designed and installed
in the Initial development. As such, this development needs to consider the
following key issues:

() Dhirubhal gas fields will be the first deepwater development in Indian

waters.

(i) Most of the subsea equipment will be in
600 m which could be beyond the current
provenness of certain equipment.

(iif) Unlike in Gulf of Mexico, North Sea and even West coast of India, this
development will be in remote and isolated area from E&P point of view
having practically no existing infrastructure.

stalled in water depth exceeding
limit of qualification /

(iv) Production volumes expected to be produced shall be very high with gas
commitment to several major power plants/production units. Any
interruption in the gas supply will have far-reaching implications and there
will be no alternative gas supply sources around to absorb the impact

even for short interruptions.

in view of the above, particular emphasis has been gi\len to ensure high degree of

reliability and availability of the system.

The initial development of Dhirubhai-1 and Dhirubhai-3 gas fields will cater to a
production rate of 40 MMSCMD. However, the facilities shall be modular in design
so as to augment the capacity to 80 MMSCMD:; by Iinstalling additional modules /
equipment based on the market demand and increased reserve potential.

The availability of gas from Dhirubhai Gas Fields on the East coast is expected to
contribute significantly towards enhancing the energy security of the country. The
proposed development will also go a long way in bridging the gap between demand
and availabil'ty of gas, which was otherwise expected to be met through
importation of gas through either pipeline from neighbouring countries e.g.
Bangladesh / Myanmar or in the form of LNG. Based on various projections a
potential for additional gas utilization of around 98 MMSCMD exists in certain

areas, details of which are as set out below:

(a) | Andhra Pradesh 10 MMSCMD
(b) | Maharashtra 20 MMSCMD
(c) | Gujarat-Hazira Region 26 MMSCMD
(d) | Karmataka 8 MMSCMD 7
(e) | Uttar Pradesh 18 MMSCMD |
(f) | Additional utilization in Industrial / commercial / automobile | 16 MMSCM?
Total 98 MMSCMD
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Thus, considerable market potential exists for utilization of gas from Dhirubhai gas
fields. It is expected that RIL or one of its subsidiaries will procure the installation
of gas transmission pipeline network dovetailing with Dhirubhai Gas Field
Development to transport gas to consumption areas. RIL has already made
substantial progress in obtaining ROU for the pipeline network.

The development concept set out in this Development Plan assures that RIL will be
appointed as the exclusive seller's representative for the sale of all gas production
from Block KG-D6. In other words, this Development Plan is predicated on the
Government of Indla takings its petroleum entitlement “in cash” rather than “in
kind” at the Delivery Point. It will be appreciated that this is critical for marketing
purpose since RIL must be certain as to the volumes of gas available for
commitment under the long term gas sales contracts that must be negotiated with
potential consumers. At the appropriate time, RIL will require the Government and
NIKO to enter into a marketing agreement pursuant to which RIL will be appointed
the exclusive selling agent for Block KG-D6 gas.

The total capital cost estimates for development of Dhirubhai —1 and Dhirubhail -3
gas fields are estimated as approx. US $ 2390.4 MM; which consists of 34 wells, 10
manifolds, twin 24" dia. main gas evacuation pipelines, deepwater pipelines,
subsea manifolds PLEMs and control system and Umbilicals, onshore terminal and
future shallow water compression facilities.

The operating cost per annum is expected to be in the range of US $ 60 to 62
MM; the main component being the cost of an intervention vessel which will be a
dynamically positioned vessel equipped to carry out subsea operation of manifold,
PLEM and X-mas tree valves, light subsea intervention jobs, and hydrate
remediation requirements.

This being the first deepwater development in India, limited weather window of
about 4 months expected for offshore work on the east coast of India and based on
the case histories of similar developments elsewhere in the world, the project
completion is expected by July 2006 subject to all statutory approvals including
the approval of Development Plan being available by June, 2004. This is a very
tight schedule for a deepwater development of this magnitude. It is expected that
Government and Management Committee will provide all support in getting timely
approvals as projected in the schedule so as to achieve first gas production target.
The schedule also assumes that the Government's approval for the gas
transportation pipeline ex-Onshore Terminal shall be available for GTIL to
synchronize the completion of pipeline with the gas field development schedule.
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SECTION -1

INTRODUCTION

1.1 Block Location and Area

Deepwater block KG-DWN-98/3 (referred to as Block KGDS) in Krishna Godavari Basin
off the East Coast of India in Bay of Bengal was awarded to Reliance Industries Ltd. (RIL)
and NIKO Resources Limited, Calgary, Canada (NIKO) under NELP-1 bidding round. The
Production Sharing Contract (PSC) for this block was signed on April 12", 2000 by
Government of India, RIL and NIKO. RIL as the Operator of block holds 90% of the
Participating Interest and NIKO the remairing 10 %.

The block, covering an area of 7645 sq km, is located off the coastline of Andhra Pradesh
as shown in the Map of the Contract Area (Figure 1.1). The northwestermn boundary of the
block is about 40 — 60 km southeast of Kakinada. The shortest distance between the
Andhra Pradesh coastline to northwestemn boundary of the block is around 30 kms. The
water depth in the block area ranges from 400 m in the northwest to over than 2700 m

towards the southeast portion of the biock (Figure 1.2).

1.2 Explioration Status

Based on the reprocessing of 1,000 Lkm of 2D seismic data {40km x 40km) acquired
prior to the award of the block, 1434 Lkm of new 2D seismic data (10 km x 10 km) was
acquired and processed. On the basis of interpretation of these data and reconnaissance
analysis, seismo-geological model was developed and lead area was identified for further

detailing.

Accordingly, 1,822 sq. km of 3D seismic survey (12.5m x 25m) was carmried out in the
initial acquisition programme in September 2001, which covered nearly 15% of the block
area (the actual 3D covered area being 1210 sq. km excluding the infill and area
extending outside the block for full fold coverage) on the northwest portion of the block.
The area covered under the initial 20 & 3D seismic acquisition programme is shown in
Figure 1.3. Following a focused interpretation approach, a number of prospects were
identified and exploratory drilling locations were firmed up.

The play types initially targeted for exploration were mainly the meandering channel
complexes. The well locations were placed in sweet spots to tap maximum net to gross

sand thicknesses.
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The first exploratory well D6-A1 was spud in the first week of April 2002 in the north-
western part of the block at a water depth of 642 m, which resuted in a major gas
discovery, subsequently named as -Dhirubhai-1" Gas Discovery. This discovery was
notified to Government and the Management Cornmittee alongwith the particulars of the
discovery. Subsequently, Commerciality Analysis Report to establish the commercial
viability of the Discovery was submitted and the Discovery was declared as Commercial
by the Management Committee. .

Further, in the first drilling campaign, seven more exploratory wells (D6-C1, D6-81, D6-
B2, D6-F1, D6-SH-2, D6-A2-A and D6-D1) have been drilled in different parts of the block
at water depths ranging from 670 to 1756m to probe the reservoir extent encountered in
the first well and to explore new prospects and play types. The well locations are shown
in Figure 1.4. All these wells encountered gas-bearing sands’ and resulted in gas
discoveries. These ‘gas discoveries have been notified 1o Government and the
Management Committee alongwith the particulars of the discoveries.

The gas discovery from exploratory well B1 drilled during August-September 2002 on the
north-western part of the block at a water depth of around 843m and appraisal well B2
drilled approximately 8 km east of B1 wel at water depth of about 1152 m was
subsequently named as “Dhirubhai-3~ Gas Discovery. The discovery arising out of
exploratory well G1 drilled during June-August 2002 on the eastern part of the block at a
water depth of around 1,332 m was subsequently named as “Dhirubhai-2" Gas Discovery.
Commerciality Analysis Report for Dhirubhai-2 and Dhirubhai-3 Gas Discoveries was
submitted to the Management Committee and was notified as Commercial Discovery in
March 2004. Since the Dhirubhai-2 Gas Discovery was declared Commercial on
-incremental cost basis™ (unlike Dhirubhai-1 and Dhirubhai-3 Gas Discoveries which were
declared as Commercial Discoveries on -stand alone” basis), the development of
Dhirubhai-2 Gas Discovery is to be considered either with Dhirubhai-1 or Dhirubhai-3 Gas
Discoveries or both at a iater date when the infrastructure has been already in place for
these Discoveries.

After completing the first exploratory campaign of 8 wells, the focus had been to integrate
the drilled well results with the seismic data, carry out reprocessing and special
processing to plan further exploration activity not only within the 15% of the block area
covered by 3D seismic in the initial phase, but also in the remaining area of the block yet
to be covered by 3D seismic. Consequently, 9 additional exploratory locations to explore
newer potential hydrocarbon bearing targets have been identified within the currently 3D
seismic covered area and new acquisition of another 2450 sq. km of 3D seismic on the
eastern and southemn side of the initially 3D covered area has been planned in the
extended acquisition programme (Figure 1.5). By the end of March 2004, 2 out of these 9
locations, namely D6-K1 and D6-K2, have been already drilled in the northern portion of
the 3D covered block area. Both the wells are gas beanng. The Discovery Notification
alongwith the particulars of the Discovery in respect of these two wells is expected to be
submitted shortly. The new acquisition of 2450 sq. km 30 seismic surveys has also been
completed. R
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1.3 Development Area

The Discoveries, as mentioned in Section 1.2, nolified as a result of the initial exploratory
drilling campaign of eight wells include “Dhirubhai-1" to “Dhirubhai-6" Gas Discoveries
and are collectively referred as “Dhirubhai Gas Fields™. Dhirubhai-1 Discovery covers
Pliocene Channel A through which wells D6-A1 and D6-A2-A were drilled. Dhirubhai-3
discovery covers Pliocene Channel B through which wells D6-B1 and D6-B2 penetrated.
Well D6-C1 resulted in Dhirubhai-2 discovery in Pliocene and Lower Miocene sands.
Dhirubhai 4 discovery represents Pliocene channel / fan lobes through which well D6-F1
was drilled. Dhirubhai-5 represents D6-SH-2 well discovery. Dhirubhai-6 discovery is in
Pliocene Channel sands through which well 06-D1 was drilled.

As brought out in Section 1.2 above, out of the total biock area of 7645 sq km, the initial
3-D seismic programme covered an area of 1210 sq. km, which represents very small
portion of the entire concession area (about 15%). Out of the several sinuous channels
and channel complexes (about 13) mapped in this area, the first exploratory drilling
campaign of 8 wells targeted mainly 2 channel areas (A and B). The Initial Development
Plan, currently being proposed, is for development of Dhirubhai-1 and Dhirubhai-3
Gas Discoveries (already declared as Commercial Discoveries), which covers only
a part of the A and B channel areas penetrated through D6-A1, D6-A2-A, D6-B1 and
D6-B2 wells. The corresponding development area is approx. 339 sq. km, which is
roughly 4.5% of the total block area. The Development Area proposed for the Initial

Development is depicted in Fig. 3.26.

1.4 Main Considerations for the Initial Development

In view of the cument status of exploration in the block, considerable upside potential of
the areas yet to be explored and the uncertainties associated with turbidite reservoirs, the
Initial Development Plan needs to have enough of flexibility to fit into the overall fast-track
development of the block without being a constraint and also to take care of mid-course
corrections, if any. Accordingly, the proposed Initial Development Plan is based on the
following considerations:

(i) Eardy gas production to meet the country’s growing energy demand and in
accordance with the spirit of the PSC which stipulates that the country's
petroleum reserves be explored and exploited with utmost expedition.

(ii) Match the field development as per the market demand

(i)} Minimise uncertainties and risks associated with
(a) Reserves and Reservoir Performance

(b) Market Demand and Gas Availability from Other Sources, gas
ransportation infrastructure schedule
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{c) Developments in Deepwater Technology
(iv) Enough fiexibility to cater for: ‘

(a) Integration of other known discoveries/future discoveries in view
of the considerable upside potential of the block and
ongoing/planned exploration programme

(b) Quick Ramp-up and increase in gas demand beyond the current
projections

(c) Ability for any mid course corrections

The above considerations are also mandated on account of the fast-track
development schedule, which further should not be constrained by any other
extraneous circumstances in light of its relevance to the Indian economy.
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