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BEFORE THE NATIONAL GREEN TRIBUNAL

PRINCIPAL BENCH, NEW DELHI

IN THE MATTER OF:-

DR. KASHMIRA KAKATI & ORS.

UNION OF INDIA AND ORS,

VERSUS

INDEX

ORIGINAL APPLICATION NO. 19/2014

..APPLICANT

...RESPONDENTS

S.no

Particulars

Response on Behalf of the
Respondent No. 2, OQil India
Limited

Document 1

A copy of the relevant parts of the
book ‘A Hundred Years of Oil: A
Narrative Account of the Search
for Oil in India’ by S.N Visvanath

Document 2
The conference paper titled
‘Structural Evolution of the
Northern Assam Basin: A Case
for a Dynamic Hydrocarbon
System Model’

Document 3

The conference paper titled ‘Life
and Death of Petroleum Systems
and their included Qil Fields’
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Document 4

A copy of the lecture notes
prepared by AB Das Gupta

\SO - 167

Document 5
A copy of the article titled,
‘Imperialism, Geology and

| Petroleum: History of Oil in

Colonial Assam’ published in
Economic and Political Weekly
Vol XLVI No. 12 on 19.03.2021

163 - {10

Document 6

A copy of the article namely
Performance of Digboi Refinery
Modemization  Project from
Geotechnical aspects-
investigations and observations’
published by Gokul K. Bayan
with Missouri University of

Science and Technology on
01.05.2023

T =182

Document 7 ‘Colly’

News pieces published in famous
journal namely ‘Digboti
Batori:House Journal of the
Assam Oil Company’

18y - AbS

Document 8

The work contract agreement
dated 23.07.2010

A0~ 2

10.

Document 9 ‘Colly’

The General Condition of
Contract (GCC) Part [-V along
with the Integrity Pact dated
05.08.2016

918 -23P

11.

Document 14
The test report no.
TERV/EIBD/2016/70 dated

251
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22.11.2016 for the sample
collected on 08.11.2016 for the
oily sludge sampled from put near
well no. 513 prepared by TERI

12. | Document 11
The test report no. 14-130218-01
dated 19.02.2018 for the sample 3
collected on 13.02.2018 from S-‘(j‘
near the well no. 513 prepared by
TERI

13. | Document 12
The test report 1no.
TERI/EIBD/2018/35 dated
20.082018 for the sample| AS3
collected on 13.08.2018 from Pit
near Well no. 139 prepared by
TERI

14. | Document 13
The test report no.
TERV/EIBD/2019/94 dated
10.06.2019 for the sample|{ 2 <Y
collected on 08.06.2019 from
Well No. 139 after third|
application of Oil Zapper,
prepared by TERI

15. | Document 14
The test report no.
TERVEIBD/2018/24 dated o
04.01.2019 for the sample ASS
collected on 27.12.2018 pit near
Well no. 512 prepared by TERI

16. | Document 15
The test report no. 9c4

TERI/EIBD/2019/93 dated
10.06.2019 for the sample
collected on 08.06.2019 for the
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oil sample collected after third

application of oilzapper prepared
by TERI

17.

Document 16
The Memoirs of an Elephant

25T

18.

Document 17 ‘Colly’

The pictures pertaining to the
reserve forest and the oily sludges
in the Digboi reserve as recently
obtained in the month of
September-October 2023

A58~
|

19.

Document 18

. A copy of the Burmah Gil
Company [Acquisition of Shares
of OIL India Limited and of the
Undertakings in India of Assam
Oil Company Limited and the
Burmah Oil Company (India
Trading) Limited] Act, 1981

18-
AR%

20.

Document 19

A news piece published in issue
No. 5 Volume no. IV of the
‘Digbot Batori: House Journal of
the Assam Oil Company’ dated
May 1957  Thighlighting the
General  agreement  entered
between the parties

289

21.

Document 20

A colour coded map of the Digboi
reserve marking out the Drilled
wells, producing wells,
abandoned wells, temporary
abandoned wells

290

22.

Document 21
A copy of the Letter bearing no.
B/NGT/2022/2743-45 dated

21,
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16.11.2022 issued by the Office
of Divisional Forest Officer,
Digboi Division

23. | Document 22

A copy of the letter dated
28.11.2022 issued by the| 344 3%
answering Respondent replying
to the communication from the
Office of DFO
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BEFORE THE NATIONAL GREEN TRIBUNAL
PRINCIPAL BENCH, NEW DELHI
ORIGINAL APPLICATION NO. 19/2014

IN THE MATTER OF:-

DR. KASHMIRA KAKATI & ORS. ..APPLICANT
VERSUS

UNION OF INDIA AND ORS. ...RESPONDENTS

RESPONSE ON BEHALF OF THE RESPONDENT NO.7.
OIL INDIA LIMITED

MOST RESPECTFULLY SHOWETH -

L. It is submitted that the present response is being filed in view
of and in pursuance to the Report dated 04.01.2023 filed by the
Committee constituted by Ministry of Environment, Forest and
Climate Change to conduct inquiry on the compliance of
Hon’ble NGT, judgement dated 08.12.2017 in the OA No 19
of 2014 Dr. Kashmira Kakati vs Uol & ors.

2. The present response is being filed on behalf of the Respondent
No. 8, Oil India Limited by Dr. Kumudani Sharma who is the
Dy. General Manager (Legal) who is the Authorized
Representative of the Respondent No. 3 company, duly

authorized vide a General Power of Attorney dated 12.09.2021.
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3. It is most respectfully submitted that the geographical
composition and the environmental factors of the area is
intricately linked with the history of the region and therefore

the same is important to be detailed herein,

A. Brief History & Topography of Dighoi Qilfields

. The tale of the history, geo-political factors surrounding the oil
reserves has been captured at length by S.N Visvanath in his
book ‘A Hundred Years of Oil: A Narrative IAccount of the
Search for Oil in India’ published first in the year 1990. The
second part of the book, i.e ‘Pioneering in Assam’ details the
story of discovery of Oil in Assam by Licut R. Wilcox of the
46™ Regiment Native Infantry, It says, “The report of Lieut
Wilcox contains the earliest recorded reference to oil in Assam.
He saw it 'rising to the surface at Supkhong with great
bubbling of gas and green petroleum’.” A copy of the relevant
parts of the book ‘A Hundred Years of Qil: A Narrative
Account of the Search for Oil in India’ by S.N Visvanath is

attached herewith as Document — 1.

. It merits the attention of this Hon’ble Tribunal that oil seepage
was a common and historic phenomenon in the concerned
region and the same is recounted in the abovementioned book
as ‘The Company had in the meantime also turned its attention
fo the north bank of the Dihing and particularly to the Borbhil
area where railway engineers and workmen of a plate-layers

camp had noticed oil seeps and had actually lived for months
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in an atmosphere laden with the odour of oil. The analogy with
Makum-Namdang was too strong to be missed, To add color to
geological reasoning, legends were created that an elephant
with oil-soaked legs led the men to the salt lick where seepages
were prolific. Other stories say that when the engineers were
cooking a meal, the ground near the camp-fire suddenly burst

into flames from a hidden oil seepage. ’

. It is humbly submitted that the author of the abovementioned
book further informs that ‘Assam Railways and Trading
Company Limited (AR & T)’ was responsible for drilling the
Well No. 1 in the Digboi and took first steps towards the
development of the Digboi. It was the AR & T that applied to
the Government in March 1888 for a license to extract

petroleum in the present Digboi field.

. With the successful digging well yielding wells, the directors
of the Board of AR & T Company recognised that Oil was a
fult time business and set up a separate organisation, namely
the ‘Assam Oil Company’ (AOC) in 1899, which inherited 14
producing wells. AOC soon expanded the concessional area of
the Field by purchasing the rights of Assam Qil Syndicate and
built a new refinery in Digboi. However, by early 1900s, AOC
was grappled with drilling and geographical concerns, when
the Board of AR&T appointed Burma Oil Company as the

Commercial and Technical Manager of Digboi.
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8. It was in January 1958, that the Burmah Oil Company signed a
Promotion Agreement with the Government of India to form a
Rupee Company to take over the management of the AQC-
discovered field of Nahorkatiya and Moran. The new
Company, Oil India Private Limited, i.e the Respondent No.7
herein was incorporated on 18" February 1959 with BOC
holding two-third shares and Government of India the
remaining one-third, which changed to a 50:50 partnership by
July 1961. 1t is in the year 1981, the Burmah Oil Company
exited the picture the Respondent No. ¥ became a Government

of India enterprises and gained access to the Digboi fields.

9. Tt is humbly submitted that the renowned petroleum geologist
W. Norman Kent has published two conference papers namely
‘Structural Evolution of the Northern Assam Basin: A Case for
a Dynamic Hydrocarbon System Model® presented at AAPG
Annual Convention, Houston, Texas on 09.04.2006 to
12.04.2006 and ‘Life and Death of Petroleum Systems and their
included Oil Fields’ dated January 2010 detailing about the
geography of the region. The conference paper titled
‘Structural Evolution of the Northern Assam Basin: A Case for
a Dynamic Hydrocarbon System Model’ along with the
presentation is attached herewith as Document — 2(Colly).
The conference paper titled ‘Life and Death of Petroleum

Systems and their included Ozl Fields’ is attached herewith as

Document -3,



1489

10.In the lecture notes prepared by AB Das Gupta for a Refresher

11

Course for University and College teachers, organised by the
Calcutta University in March, 2002, he remarks that ‘The
Digboi Qilfied in NE India was discovered at around this time
by drilling close to an oil seepage, The party concerned, though
eminently successful in other lines of endeavour, did not have
any clue to the controlling mechanism of the field and could
sustain a small production of less than 200 barrels a day, by
drilling at random all around. It took another 30 years for the
Burmah Oil Company (BOC) to come onto the scene, discover
the anticlinal control and eventually to raise its production to
the level of around 5000bis/day’. A copy of the lecture notes

prepared by AB Das Gupta is attached herewith as Document
- 4.

It is submitted that Mr. Arupjyoti Saikia, a professor with the

Department of Humanities and Social Sciences, Indian Institute
of Technology, Guwahati in his article titled, ‘Imperialism,
Geology and Petroleum: History of Oil in Colonial Assam’
published in Economic and Political Weekly Vol XLVI No, 12
on 19.03.2021, discussed about early sighting of natural oil
seepage. It states, “The possible existence of petroleum in
eastern Assam was first noticed in the early 19th century. This
actually preceded the significant finding of tea plants. While
tea plants were noticed only in the 1830s, one of the first
recorded notices of petroleum deposits was earlier, in April
1825, a year before the EIC concluded the Treaty of Yandaboo

with the Burmese fo occupy Assam. R Wilcox, an army
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lieutenant and geologist, was the earliest observer of oil in an
upper Assam village. Wilcox’s survey of Assam showed the
many possibilities of geological discoveries in the region.
Wilcox’s survey carefully noticed both the geological
Jormations and mineral resources of the region. His chance
notice of oil was no less dramatic. This occurred while he was
surveying river Burhi Dihing at a ;vlace called Namchik. He
noticed seepage of oil and bubbling gas at a place called
Supkhong.” A copy of the article titled, ‘Imperialism, Geology
and Petroleum: History of Oil in Colonial Assam’ published in
Economic and Political Weekly Vol XLVI No. 12 on
19.03.2021 is attached herewith and marked as Document - 5.

12.1t is stated that Gokul K. Bayan, Principal scientist, CSIR-
North East Institute of Science & Technology published his
article namely ‘Performance of Digboi Refinery Modernization

Project from Geotechnical aspects- investigations and
| observations’ with Missouri University df Science and
Technology on 01.05.2023. The article states that the Digboi
refinery is one of the world’s oldest refinery. Elaborating on
the history of the region, the articles states that ‘ When oil was
discovered in Dighboi there was no habitation in its immediate
neighborhood. The jungle was dark and swampy. The forest
was so thick and the undergrowth so dense that sunlight could
never reach the ground. Once oil was found, the dense jungle
made way for the growth of the oil industry in India. ‘Dig-boy-
dig’, shouted the Canadian engineer, Mr W L Lake, at his men

as they watched elephants emerging out of the dense forest with

2
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oil stains on their feet’ The Articles further points to the
instances of natural occurrence of oil from the banks of the
river as the earliest record of existence of oil in India. As per
the article, ‘The Assam RAILWAYS & Trading Company while
extending the Dibrugarh-Sadiva Railway line upto their coal
Jields in 1882 came across oil seepage near work sites around
the present Digboi’, thereby indicating towards the existence
of natural seepage in the Digboi oilfield from early times. A
copy of the article namely Performance of Digboi Refinery
Modernization  Project from  Geotechnical  aspects-
investigations and observations’ published by Gokul K. Bayan
with Missourt University of Science and Technology on

01.05.2023 1s attached herewith as Document - 6.

13.1t merits the attention of this Hon’ble Tribunal that the famous
Jjournal namely ‘Digboi Batori:House Journal of the Assam Qil
Company’ had published various news pieces highlight'mg the
exhaustive approach adopted by the Assam Oil Company and
the numbers of wells digged in the region. The said news pieces

are attached herewith as Document — 7 “Colly’.

B. STEPS TAKEN BY OIL FOR BIO-REMEDIATION
14.As can be seen from the history and topography of the said
oilfields, oil seepage is a natural phenomenon in this area which
has been documented for more than 100 years now. Therefore,
the Respondent No.  is trying to address the concerns raised

due to such oil seepage which is a natural phenomenon by

taking the following measures.
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15.1t is most humbly submitted that even though the geography of
the region points towards the natural occurrence of the sludge,
the answering Respondent has taken a pro-active approach and
has adopted Bioremediation (both In-situ as well as Ex-situ)

methods for treatment of oily sludge in Digboi field.

16.1t is pertinent to mention that Bioremediation is a process that
uses naturally occurring microorganisms to transform harmful
substances to nontoxic compounds. Bioremediation exploits
this natural process by promoting the growth of microbes that
can effectively degrade specific contaminants. Hence Oil
Zapper technology utilizes the bioremediation potential of
specific microbes that degrades the toxic hydrocarbon
compounds leaving behind non-hazardous end products or

metabolites and hence no harmful effects.

- 17.1t is most respectfully submitted that a joint venture was formed
between ONGC and TERI named as *ONGC TERI Biotech
Limited” (OTBL) in 2007 for the commercial application of
the bioremediation along with other technology for oil
industries. It is pertinent to mention that Respondent no. 8§ has
engaged OTBL wherein a total of 3431 m? of oily sludge was
treated In-situ and Ex-situ at Digboi oilfield using the Oil
Zapper technology.

18. It merits the attention of this Hon’ble Tribunal that a work
contract agreement of Contract No., 6104394/DCQ and was
executed between Respondent No{ and M/s ONGC TERI
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Biotech Limited on 23.07.2010 for Ex-situ bio-remediation of
9180 cubic meter contaminated soil. The work contract
agreement dated 23.07.2010 1is attached herewith as

Document- 8.

19.1t 1s most humbly submitted that multiple bioremediation
activities took place from April 2012 till June 2019. A record
of the bioremediation activities that took place at Digboi Field

is as following;:

19.1. It is humbly submitted that in April 2012 the
construction of Ex-Situ bioremediation pit with concrete
boundary wall and HDPE lines bottom surface near Well
No. 139 in Digboi Qilfield. The work was executed by M/s
OTBL and the same was completed in February’2013.

19.2. It 15 submitted that thereafier in September 2013,
970 m? of oily sludge were excavated and transported from
Pit near Well No. 512 (120 m?), Pit near Well No. 513 (800
m’) and Pit near Well No. 19 (50 m’) to Ex-Situ
Bioremediation Pit near Well No. 139. Three applications
of o1l zapper was done by M/s OTBL in a phased manner

from November’2013 to March’2014 and completed the
job.

19.3. It 1s most humbly submitted that from October 2015
to April 2016 another 810 m’ of oil sludge was transported

from pit near Well no. 513 to Ex-Situ bioremediation Pit
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near Well No. 139. The collected sludge was then bio-

remediated through application of oil zapper by M/s OTBL
in May 2016.

19.4, It is most humbly submitted that a General Condition
of Contract (GCC) Part I- V, vide Contract No. 6110082
was executed between Dr. Banwari Lal CEQO of ONGC
TERI Biotech Ltd on 05.08.2016 for In-situ Bio-
remediation of 14,700 cum and Ex-situ Bio-remediation of
15,300 cum contaminated soil/ oily sludge of various
production pits in Assam Field for a period of 02(two)
years. The General Condition of Contract (GCC) Part [-V
along with the Integrity Pact dated 05.08.2016 is attached
herewith as Document- 9 (Colly).

19.5. It is most humbly submitted that at Site near well No.
513, Digboi oilfield, bioremediated In-situ the Total
Petroleum Hydrocarbon (TPH) . at Zero day, i.e.,
08.11.2016 was 16.32% and after degradation on
13.02.2018 was 0.09%. The test report no.
TERVEIBD/2016/70 dated 22.11.2016 for the sample
collected on 08.11.2016 for the oily sludge sampled from
put near well no. 513, as prepared by TERI is attached

herewith as Document- 10.

19.6. It 1s pertinent to mention that later in 2016 another
oily sludge of volume 151 m’ was In-situ bioremediated by
M/s OTBL with three applications of oil zapper at Pit near

Well No. 513 to remediate any remaining oily sludge and
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was completed in early 2018. The test report no. 14-
130218-01 dated 19.02.2018 for the sample collected on
13.02.2018 from near the well no. 513 as prepared by TERI

is attached herewith as Document — 1.

19.7. It merits the attention of this Hon ble Tribunal that in
June 2018 another Oily Sludge of 500 m? was identified
and measured at Pit near Pumping Power No.1l. The
aforementioned oily sludge was then transferred to Ex-situ
Bioremediation Pit near Well No. 139 during July 2018.
This volume was bio-remediated by M/s OTBL through

three nos. phased applications of oil zapper and was

completed in April 2019.

19.8. It is most humbly submitted that oily sludge of 1000
m’ was also identified in Pit near Well No. 512. This
volume was In-situ bio-remediated by M/s OTBL through

three nos. phased applications of oil zapper and was

completed in June 2019.

20.It merits the attention of this Hon’ble Tribunal that all the
-sludge samples (Zero-time samples & post bioremediation
samples) of various bioremediation sites had been analysed for
Total Petroleum Hydrocarbons (TPH). Total Petroleum

Hydrocarbon content in studge is mentioned below:

20.1. It 1s submitted that at Site bioremediation pit- 139,
Bioremediated Ex-situ (First batch), Digboi oilfield, the
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Total Petroleum Hydrocarbon (TPH) at Zero day, i.e.,
08.11.2013 was 14.22% and after degradation on
27.04.2014 was 0.68%.

20.2. It is most respectfully submitted that at Site
bioremediation pit- 139, Bioremediated Ex-situ (Second
batch), Digboi oilfield, the Total Petroleum Hydrocarbon
(TPH) at Zero day, i.e., 03.05.2016 was 8.52% and after
degradation on 24.08.2016 was 0.73%.

203. It i1s most humbly submiited that at Site
bioremediation pit- 139, Bioremediated Ex-situ (Third
batch), Digboi oilfield, the Total Petroleum Hydrocarbon
(TPH) at Zero day, 1.e., 13.08.2018 was 13.83% and after
degradation on 06.06.2019 was 0.73%. The test report no.
TERI/EIBD/2018/35 dated 20.08.2018 for the sample
collected on 13.08.2018 from Pit near Well no. 139
prepared by TERI is attached herewith as Document- 12.
The test report no. TERI/EIBD/2019/94 dated 10.06.2019
for the sample collected on 08.06.2019 from Well No. 139

after third application of Oil Zapper, prepared by TERI is
attached herewith as Document- 13,

20.4. It is most respectfully submitted that at Site near well
No. 512, Digboti oilfield, bioremediated In-situ the Total
Petroleam Hydrocarbon (TPH) at Zero day, ie.,
27.12.2018 was 22.49% and after degradation on
06.06.2019 was 0.64%. The test report no.
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TERVEIBD/2018/24 dated 04.01.2019 for the sample
collected on 27.12.2018 pit near Well no. 512 prepared by
TERI is attached herewith as Document- 14. The test
report no. TERIVEIBD/2019/93 dated 10.06.2019 for the
sample collected on 08.06.2019 for the oil sample collected
after third application of oilzapper prepared by TERI is

attached herewith as Document- 15.

21.It is humbly submitted that the historical and geographical
background of the Digboi Oil field merits attention of this
Hon’ble Tribunal which has also been well accepted by the
National Green Tribunal in the Impugned Order dated
08.12.2017 inasmuch as the Impugned Order inter alia
specifically records that the Committee noticed natural seepage
in drain no. 1 of Digboi Qil Field which has been accepted by
the Tribunal and has not been challenged by any party till date.
It merits the attention of this Hon’ble Tribunal that owing to
the infamous story of elephant and their greasy paws, memoirs
of the elephant were published as entertainment pieces to
explain the discovery of oil and in the Digboi field. The
Memoirs of an Elephant as referred to herein is attached

herewith as Document- 16.

22.It is most respectfully submitted that even as per the
compliance affidavit filed by the State of Assam in March 2023
before the Hon’ble Supreme Court, upon verification has been
confirmed that the answering Respondent has complied with

the directions of the Pollution Control Board Assam.
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C. OBJECTIONS TO THE FINDINGS OF THE REPORT
DATED 04.01.2023 OF THE COMMITTEE
CONSTITUTED BY THE MOEF TO CONDUCT
ENQUIRY PURSUANT TO JUDGEMENT DATED
08.12.2017 OF THIS HON’BLE TRIBUNAL:

23.At the outset it is submitted that representatives of OIL were
not present during the collection of samples. The samples are
also not marked with reference to specific locations which can
be identified for taking necessary remedial actions. The
samples may have been collected from a natural seepage and

seemed to have been assumed to be a leakage of an abandoned

pipeline.

24.The report also does not factor-in the history and topography
of the Digbol oilfields which are naturally prone to have such
oll seepages as recorded in various publications referred
hereinabove. The conclusions of leakage of pipes, etc. appear
to be speculative as their exact location is not disclosed in the

report either to validate or remedy the leakage, if any.

25.It is humbly submitted that notwithstanding the above and in
addition thereof, the Answering Respondents vide the present
response seeks to provide its responses qua the findings of the
Ministry of Environment, Forest and Climate Change in respect
of the directions passed by the National Green Tribunal vide its
order dated 08.12.2017. The extract of the relevant direction of

the National Green Tribunal concerning the answering
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Respondent is reproduced below for the sake of convenience of
this Hon’ble Tribunal:
“Respondent No7 ie Qil India Limited to forthwith stop
releasing of untreated oil effluent in open sludge pits and
seepage areas around oil rigs in the Digboi Oil Field which
falls within upper Dihing RF (East Block) and the Dihing —
Patkai Elephant Reserve”

26.1t is stated that the Ministry of Environment and Forest &
Climate Change conducted an inquiry on the compliance of
judgement of this Hon’ble Tribunal dated 08.12.2017 and
presented its report dated 04.01.2023 in the Compliance
Affidavit as filed before this Hon’ble Tribunal. It is most
humbly submitted that the findings of the Ministry of
Environment, Forest and Climate Change (MOEF) are
erroneous and unsubstantiated and fail to bring before this
Hon’ble Tribunal the correct representation of the conditions
on ground. The findings .of the Report of MOEF and the

responses qua the same are as follows:

26.1. Finding No. 1: Oil is leaking from underground

pipelines in the Reserve Forest

i. At the outset, it is stated that the Committee constituted
by Ministry of Environment, Forest and Climate Change
visited only 3 sites, namely Pit No. 512, 513 and 139 in
the concerned Digboi region and have prepared the said

Report on the basis of those findings alone. It is humbly
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submitted that there is no leakage or seepage of crude oil

through any underground pipelines in the Reserve Forest

dared.

It is brought to the notice of this Hon’ble Tribunal that
most of the area is the Digboi reserve is covered with
dense forest and therefore inaccessible or searchable by
foot. The abandoned wells have been taken over by the
dense forest in vicinity thereby making it extremely
difficult to explore and verify the complete reserves to
account for oily sludges spread across the region. The
pictures and videos pertaining to the reserve forest and
the oily sludges in the Digboi reserve as recently
obtained in the month of September-October 2023 are
attached herewith as ‘Document — 17 ‘Colly’.

It merits the attention of this Hon’ble Tribunal that the
concerned premises as inspeéted by the Commitice does
not have any crude oil pipeline. Further, it is submitted
that the pipelines present are periodically supervised and
monitored by the internal HSE (Health, Safety and
Environment) department of the answering Respondent.
However, in the absence of any specification provided
by the Ld. Committee with respect to the block in which
the pipeline has been allegedly found to be leaking, the
answering Respondent has inspected all its pipelines
which have found to be in good condition. Further, it is

respectfully submitted that even otherwise the answering
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Respondent regularly assures that there is no infiltration
or leakage of pipeline as this is not only an
environmental concern but also a hazard which can lead
to an unfortunate ncident. In addition, it is also humbly
reiterated that Oil Industry Safety Directorate (O1SD)
also periodically audits the sites and therefore a
sweeping statement of leakage of underground pipeline

cannot be placed reliance upon.

Finding No. 2: At several places, oily sludge pits of

abandoned wells have been found and natural drains pass

through these pits.

k.

It merits the attention of this Hon’ble Tribunal that
the Digboi Oil field draws from a rich historical
background, which plays a significant role in its
present circumstances. The concerned Digboi Qil
Fields have been in existing since last 100 years. The
Crude Oil was discovered in the far east of India at
Digboi in 1889 by the erstwhile Assam Railway &
Trading Co (AR&T), which subsequently developed
the Digboi Oil Field, located within the present day
Dihing Patkai Reserve Forest.

The Answering Respondent came into existence,
much later in the year 1959 as a Joint Venture
Company of Burmah Oil Company and Government

of India, having minority share and was subsequently
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fully nationalized only in the year 1981 through the
Burmah Oil Company [Acquisition of Shares of OIL
India Limited and of the Undertakings in India of
Assam Oil Company Limited and the Burmah Qil
Company (India Trading) Limited] Act, 1981. A
copy of the Burmah Oil Company [Acquisition of
Shares of OIL India Limited and of the Undertakings
in India of Assam Oil Company Limited and the
Burmah Oil Company (India Trading) Limited] Act,
1981 is attached herewith as ‘Document -18’. A
news piece published in issue No. 5 Volume no. IV
of the ‘Digboi Batori: House Jounal of the Assam
Oil Company’ dated May 1957 highlighting the
General agreement entered between the parties as
mentioned herein above is attached herewith as

‘Document- 19°,

It merits the atténtion of this Hon’ble Tribunal that
the answering Respondent has actively participated
and undertaken proactive measures for bio-

remediation of the natural phenomenon of oily

seepage.

It is humbly submitted and reiterated that the
historical and geographical background of the Digboi
Oil field merits attention of this Hon’ble Tribunal
which has also been well accepted by the National

Green Tribuntal in the I[mpugned Order dated
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08.12.2017 inasmuch as the Impugned Order inter
alia specifically records that the Committee noticed
natural seepage in drain no. 1 of Digboi Oil Field
which has been accepted by the Tribunal and has not
been challenged by any party till date.

It is submitted that even though the oily studge pits
have been noted and accepted as a natural
phenomenon by this Hon’ble Tribunal, the answering
Respondent has on its own accord undertaken bio-
remediation activities in the Digboi Oil Field region.
It is brought to the knowledge of this Hon'ble
Tribunal that Bioremediation is a process that uses
naturally occurring microorganisms to transform
harmful substances to nontoxic compounds.
Bioremediation exploits this natural process by
promoting the growth of microbes that can
effectively degrade specific contaminants, Thus, Qil
Zapper technology utilizes the bioremediation
potential of specific microbes that degrades the toxic
hydrocarbon compounds leaving behind non-
hazardous end products or metabolites and hence no
harmful effects. Not only this is environment-friendly
technique, but also is highly cost effeciive when
compared to storage of oily waste/oily sludge in

sludge pits.
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It is humbly submitted that the answering
Respondent had undertaken bio-remediation
activities in the Digboi Oil Field region under the
supervision of Research and Development, HSE and

erstwhile Production {Oil) Department.

It merits the attention of this Hon’ble Tribunal that on
application of the Bio-remediation and Oil Zapper
technology, the answering Respondent has been
successful to reduce the Total Petroleum

Hydrocarbons (TPH) at the Oily sludges to negligent

levels.

In furtherance, the Hon’ble Tribunal is humbly
apprised that the Respondent ], "} has planned Bio-
remediation for “Oil Contaminétion’ in Pit No. 513
and 139 and has engaged M/s The Energy and
Resource Institute (TERI) for the same vide LOA
Ref. No. OIL/CONT/LOA/O/507/2021-22 dated
08.10.2021. TERI as a part of their project has visited
the abovementioned sites on multiple occasions and
have collected zero time samples for primary or zero-
time TPH (Total Petroleum Hydrocarbon)

concentration test.

It is pertinent to state that as per the Case study of the
Pit No. 513, TERI had concluded that the pit was

filled with crude oil, however was dry at the time of
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digging and therefore the free oil was coming through
unknown seepage. Even on re-examination of the
whole site, the seepage source could not be identified.
The Pit No. 139 was found suitable for bio-

remediation and the zero time sample was collected.

Finding No. 3: Qil spill have been found in several

oil producing wells and Crude Gathering Stations. No

fencing had been provided at these well sites.

iL.

It 15 most humbly submitted that the findings of the
Committee are unfortunately not supported by any
pictures or on ground task reports. It is at the outset
clarified that there do not exist any Oil Spilis as
alleged in the Report. However, it merits the attention
of this Hon’ble Tribunal that in a circumstance that
an oil spill occurs during operations or any other
concern is flound in the pipeline, the same is rectified
immediately and the site is cleaned and restored, as
per the internal SOPs of the answering Respondent.

It is further humbly submitted that the answering
Respondent in bona fide had also engaged in iron
fencing of well sites, howsoever owing to local
miscreants, a number of thefts of such iron fencing
has been observed which results in severe
inconvenience for the answering Respondent as well.
Further the areas of operation are spread out in large

extents hence physical monitoring of the entire fenced
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area 1s practically unviable. However, the answering
Respondent time and again addresses these concerns,

even though the issue of theft is a recurring one.

Finding No. 4: More than 800 wells have been drilled

since the operation of Burma Oil Company Ltd. Oil India

Lid does not even have the inventories of these abandoned

on wells, let alone treatment of these pits.

i.

It is humbly submitted that the oil fields are in
operation since 1889 and have changed hands before
the present Respondent No."i}" , which was nationalized
only in 1981. Post 1981 the present Respondent has
been maintaining the records and the same have been
subjected to various audits by independent and
statutory agencies periodically. It is humbly
submitted that there are a total of about 982 wells out
of which‘ about 051 are shut-in, about 293 are
abandoned and 38 are producing wells. A colour
coded map of the Digboi reserve marking out the
Drilled wells, producing wells, abandoned wells,

temporary abandoned wells is attached herewith and

marked as Docament — 20,

It is further most humbly submitted that the
Respondent No. } has been carrying out the task of
Bio-remediation of these oily sludges way prior to the

Judgment passed by this Hon’ble Tribunal and
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endeavors to undertake the same in the upcoming
future as well. It merits the attention of this Hon’ble
Tribunal that contrary to the findings of the
Committee not every abandoned well has a pit and the
origin of pits has not been document, however the
same was not a result of any activities undertaken by

the Respondent No.”7 in the concerned region.

It is humbly submitted that Respondent No. 7, after
periodically monitoring the pits have identified and
steps are taken for rectification as and when oily
sludge/seepage is found due fo the natural
phenomenon of the region. It however, also merits the
attention of this Hon’ble Tribunal that despite the bio-
remediation work being carried out in the area, the oil
seepage has been observed which appears to be a
natural seepage and not owing to any action or
inaction of the answering Respondent and is recurring
in nature.

It s stated that the Office of Divisional Forest Officer,
Digboi  Division by Letter bearing no.
B/NGT/2022/2743-45  dated 16.11.2022 had
requested the present Respondent to provide details,
including location, number of sites, geo-coordinates,
area and map of dumping the waste with geographical
location/ geo coordinates by the Digboi municipality,
Indian O1l Corporation Limited and Oil India Limited

along with details including location, number of pits,
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geo-coordinates, area and map of the open sludge
pits, oil pits and contaminated water bodies in and
around the Dihing Patkai Elephant Reserve. The
answering Respondent accordingly in bona fide vide
reply dated 28.11.2022 had shared the geo-
coordinates of the Natural and artificial pits in the
Digboi Oil Field along with the Map showing the
location of the pits. A copy of the Letter bearing no.
B/NGT/2022/2743-45 dated 16.11.2022 issued by the
Oftice of Divisional Forest Officer, Digboi Division
is attached herewith and marked as Document - 21.
A copy of the letter dated 28.11.2022 issued by the
answering  Respondent replying  to the
communication from the Office of DFO is attached

herewith and marked as Document- 22.

26.5. Finding No. 5. In the three oil sludge remediation

sites visited, the remediation has not resulted in complete

conversion of oily sludge into biodegradable matter. They

do not_even maintain the inventories of abandoned oil

wells.

i.  Itis most humbly stated that as per the findings of the
Committee, admittedly, despite the bio-remediation
work being carried out in the area, oil seepage has
been observed which appears to be a natural seepage
and not owing to any action or inaction of the

answering Respondent. [t merits the attention of this
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Hon’ble Tribunal that the Answering Respondent has
been taking remedial measures from July 2010 itself
and the entire oil debris have already been treated
through Bio remedial measures. It is clarified that
such oily debris could not be removed and dumped in
some other places outside the forest area, as it would
create environmental problem in such places. Hence,
with the advent of scientific technique, the Answering
Respondent had taken up the project for degrading the
oily-debris through Bioremediation. It is respecttully
submitted that Answering Respondent has bio-
remediated all the oil-debris site, mostly inherited
from erstwhile Assam Oil Company, and presently,
howeveér sirice the same is a natural phenomenon, the
recurrence of the oily sludges has been observed in
the Region.

It 1s further humbly submitted that given the said
circumstances, the answering Respondeﬁt 1s yet again
undertaking bio-remediation work in the area and
shall continue to address the issue, as and when

observed.

At the outset it is submitted that the oil fields are in
operation since 1889 and have changed hands before
the present Respondent No.™} which was incorporated
in 1959. Post 1981 the present Respondent has been

maintaining the records and the same have been
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subjected to various audits by independent and

statutory agencies periodically.

Finding No. 6: Oil India limited has been unable to

stop the release of untreated oil effluent in open sludee pits

and seepage areas around oil rigs in the Digboi Oil field

It is humbly submitted that as against the finding of
the Committee, the judgment passed by the Hon’ble
Tribunal observes that no untreated oil effluent in
open sludge pits is being released by Respondent No.'|
and that occurrence of oily sludges as witnessed is
owing to natural seepage and not due to any action/

inaction of the answering Respondent.

It is most humbly stated that a bare perusal of the test
reports of the pits as visited by the Committee,
conducted to examine the soil quality by taking a
sample of Oily sludge in proximity of wells as
prevalent before and after application of Oil Zapper
shows remarkable deduction in presence of Total
Petroleum Hydrocarbons (HE-TPH) in the same. It is
most humbly stated that evidently the process of Bio-
remediation and application of O1l Zapper technology
has atded drastic reduction in the amount of
Hydrocarbons to negligent levels in the areas

adjoining the oil wells.
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i,  However, it is most humbly stated that the fresh
secepage as observed is possibly due to the natural
phenomenon and appropriate action has been taken
for bio-remediation activity by the answering
Respondent through TERI. As a matter of fact, the
experts from TERI had visited the concerned site for
analysis of the present circumstances and their
proposal on bio-remediation is awaited by the

Respondent No. 7},

27.1t is therefore respectfully submitted that the present response

is being filed m truth and bonafide.

PRAYER

In view of the aforementioned facts and circumstances, the
answering Respondent No. 7 most graciously prays that this

Hon’ble Tribunal may be pleased to:

a. Dismiss the captioned application wrongly preferred by the
applicant in view of the directions passed by this Hon’ble
Tobunal in  judgement dated 18.12.2017 and their

compliance thereof by the answering respondent.
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Any other relief/ order/directions which this Hon’ble Court
deems fit and proper in the circumstances of the case be
allowed in favour of the Respondent No. 7jand against the

Applicant.

ESPONDENT NO. ™ |

0 : Dr. Kumudani Sharms
' THROUGI

| ;} . GM (Legal)
WS Ol india Limited

JFor, Trust ﬁcﬁal Advocates & Comw Signatory
Petal Chandhok, & Rupali Gupta
Advocates for Respondent No. 7
Oft.: D-415, Defence Colony, New Dethi-110024
Ph.: (191) 9654025754, (+9111) 40525619
Email: petaichandhok(@trustlegal.in

Place; ™AL Degiw -

Date: ¢ . oy 202

VERIFICATION

Verificd at New Dethe on this 5™ day of R—F,euﬂ 1024, that the
contents of the above response are true and correct to the best of
my knowledge and nothing matcerial has been concealed therefrom
and no part thercof is false. It is stated that the contents of
paragraph __ & arc based on personal knowledge,
paragraph (43~ 37 are on the basis of the documents
maintained in the ordinary course of the business and paragraph

mef% . 1s on the basis of the advice rendcered to me.

//
X RESPONDENT NO.”7

Or. Kumudani Sharma
GM (Legal)
O india Limited
Authorised Signatory
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BEFORE THE NATIONAL GREEN TRIBUNAL
PRINCIPAL BENCH, NEW DELHI
ORIGINAL APPLICATION NO. 19/2014

IN THE MATTER QF;

DR. KASHMIRA KAKATI & ORS. -..APPLICANT
VERSUS

UNION OF INDIA & ORS. ..RESPONDENTS

AKFFIDAVIT ON BEHALF OF THE RESPONDENT NO. §

[, Dr. Kumudani Sharma, General Manager (Legal), the
Authorized Representative of the Respondent No., 8 company,
having its Corporate Office at Plot No. 19, Sector 16 A, Film City,
Noida 201301, Utlar Pradesh, and duly authorized vide a General
Power of Attorney dated 12.09.2021, today present at New Delhi,

do hereby solemnly affirm and submit:

[. I'state that I am the Respondent No. 8 in the present ¢ase
and am well conversant with the facts and circumstances of

the case and as such competent to swear this affidavit.

-

[ statc that the contents of the Response are true and correct
to my knowledge and based on the records
maintained and made available by the Respondent No. 8
Company, which may be read as a part and parcel of the

present Affidavit.

I state that all the documents being filed along with the
ccompanying Response are true copies of their respective

originals and anncxurcs arc  attached  herewith

29
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AT —
v{;ﬂymﬁmﬁwth'

Dr. Kumudani Sharms
GM (Legal)
VERIFICATION: Uil india Limiteg
Authorised Signatery

Verified at on this _5 wofmz%, 2024 that the
contents of the above Affidavit are true and correct to the best of
my knowledge and derived from the records maintained by the
Respondent No. 8 Company, no part of it is false and nothing

material has been concealed therefrom.

e

il
FPONENT
P

Or. Kumudani Sharma
GM (Legal)
Oil India Limited
Authorised Signatory

Solemnly afiirmed befors ime read
over & explainad to ths dyponent,

Y

I¢0t5f§r§dblic, Deihi

R APR 2024
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Pioneering in Assam

(a) The Pathfinders

he story of cil exploration in India began in the dense jungles and swamps and river-

valleys at the exireme north-eastern corner of Assam in the early vears of the 19th
century. One could also say that, like the tea mdustry so vividly described by Sir Percivai
Griffiths (The History of the Indian Tea Industry: Weidenfield and Nicholson., 1967}, it began

~with Napoleon. A stimulating sense of danger and uneasiness pervaded the British spirit
despite their victory at Waterloo, and kept them on their toes 1l Napoleon was safely burncd
in 1821,

The collective sigh of relicf that marked this event was soon followed by the realization
that something had to be done about the abundance of British cnergy and enterprise which
suddenly becarne availabie. The answer was simple : flex the industrial muscle in the coionies
across the seas, explore and exploit their natural resources, build up an infrastructure for
further expansion and create a climate for investments in ventures hitherto considered foolhardy.

The hot and perspiring Lieut R, Wilcox of the 46th Regiment Native Infantry may not
have heen aware of this grand imperial design as hie and his small survey party rowed up the
Burhi Dihing River beyond Namehik on a September afternoon in 1825, He only knew that
he was on a military reconnaissance missien in the land of the Singpho tribes 10 naintain
law and order, His immediate concern was o ward off mosquitoes and depression as the rain
forest pressed down increasingly on the winding river. And then he saw the oilt.

The report of Licut Wilcox? contains the earliest recorded reference to oil in Assam. He

g saw il “rising to the surface ai Supkhong with great bubbling of gas and green petrolenm’”.
; But the local inhabitants and hil! tribes had no use for the oil or coal seen nearby and for
outsiders it was, both historically and geographicaily, an awkward moment and place. The first
t Anglo Burmese War (1824- 26) was at its height with fierce battles raging in the Brahmaputra
vallev and further south against the Burmese invaders of Manipur and Assam. Geographically,
few places could have been more forbidding. “No one unacquuinted with the province ™ wrote
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a distinguished civil servant, “can form any just conception of the abstacles to be contended
with in making the most transitory survey. Footpaths are often obliterated by the inseparable
jungle which in denseness can be marched by very few places in the world. Frequent rainstorms
add to the unpleasaniness of camping. Floods are conunon and the jungles are full of wild
iife. The member of the animal kingdom which makes its presence felt most is the leech —a
scourge to man and beast”.

This forbidding country did not discourage the tea planter who had been around since the
beginning of the 19th century. While trying to locate the source of indigenous tea in Singpho
country in 1828 (he ultimately found it near Bisa village after “parting with much opivm and
sweet words™), C.A. Bruce came across “ many oil seepages upstream of Makumy® for a distance
of about 5 miles.”

In 1837 W. Griffith went past Bisa village crossed the Noa-Dihing and headed towards

L Kamroop Putar, a culiivated rice-tract on the niver Kamroop close to the Naga Hifls. e
reported that “petroleum wells are most numerous towards the summits of the range, and the
place where they occur is free from shrubs. The petroleum is of all colours, from green to
bluish-white; this last is the strongest, partaking of the character of naphtha.”

There followed a rash of “military” discoveries of oil seepages: Major A, White
{(Nampong, 1837); Lt.W Bigge (Namrup, 1837); Capt. Francis Jenkins (Borhat and Makum,
1838}); Capt. H. Vetch (Makum, 1842); and Capt P.S. Hannay (Namchik Pattar, 1845}, Hannay’s
description is particularly colourful as he describes “muddy pools in a constant state of
activity, throwing out with mote or less force white mud mixed with petreleum. This is
mdeed a strange-looking place. At times there is an internal noise as that of distant thunder,
when it bursts forth suddenly with a loud report and then subsides”. In 1854 Capt. Dalton
further described the Wamchik and Malkum finds.

Acting on these reports an Austrian speculator, Wagentreiber, applied for “leases and
monopolistic righis  over the tract of land between Bappapoong and Namchik™ A ten-vear
lease was granted to him in 1854 by the Government of Bengal {Revenue Departiment) on the
recommendation of the Chief Comumissioner of Assam 1o “operate the petroleum springs at
Makum”. Apparently, the venture folded up swiftly.

In 1385, H.B.Medhcott of the Geological Survey of India chanced upon the Makum oil
seepages while reporting on the coal-fields of Upper Assam and he recommended trial boring
in the area®, This was an important first step in scientifically assessing the oil prospects of the

N northeastern region.

To the establishinent in distant Bengal these curicus manifestations up in the rivers and
hifls of the Brahmaputra Valley meant very littie, but to a Mr Goodenough, a membes of the
Caleutta firm of Mckillop, Stewart & Co they conveyed 2 good deal, If there was oil in Assam
as Medlicott had reported, perhaps there was a business to be made out of it. .

In November 1866, having been granted certain rights over a large tract of land on both
sides of the Dihing from Jaipur to beyond the Namchik confluence, Mr. Goodenough
commenced drilling at Nahorpung near Jaipur. This well, bored by hand, was abandoned
dry at 102 fi. Undismayed, he tried again with a steam engine acquired from Mather and
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Plats, a renowned British enterprise which still exists today with branches in Bombay and
Paune, to drive the machinery. Three wells drilied to 171, 162and 99 ft. encountered some gas
and very litile oil.

While these borings were in progress at Jaipur others were begun at Makum-Namdang to
fulfil the recommendations of Medlicott. The first well went down 0 195 ft. but there was
no success * only a few signs of gas, But on 26 March 1867 oil was struck in another well at
adepthof 118 ft.and it immediately rose 74 ft. in the bore. About 300 gailons were drawn
after which it was not found to flow continuously. This second well at Makum was the flrst
successful mechanically drilied well in Asia. Between 1866-69 ¢ight wells were drilled by the
prospectors, with sporadic success. One well at Makum yielded about 400 galions a day.
Some flowed intermittently and other yielded “pure water which spouted for ihree or four
houss, then almost pure oi} for 15 10 30 minutes, after which all action ceased for an hour: and
then activity set in again”.

On the whole, Makum - Namdang drilling was distinctly more encoutaging than at Jaipur.

Notwithstanding the generally promising results obtained, Goodenough never really
tasted success. Transport difficuities in northeast India were the main cause of the faiture of
his enterprise; freight costs raised the price of oil in Calcutta toa figure at which it could not
compete with oil from Burma. In recording this event, Hughes remarks that “the prospect of
an abundance of mineral oil in Assam has been proved and if this splendid province should
ever be opened up, fortunes will yetbe made in this branch of mining . A cruel fate denied
Mr. Goodenough both the fortupe and the chance to become the father of the petroleum
industry in India.

For the next 20 years it was all quiet on the oil front, save for a few shallow wells at
Mamdang, but considerable geological and mineral exploration work was carried out in
northeast India by the Geological Survey of India®. The outstanding names are thosc of
FR. Mallet, TH.D. La Touche, R D. Oldham and H.H. Godwin-Austen. By 1880 the
foundations for the understanding of Assam geology had been well and truly laid. A sketch
map of Assam oilfields by Sir Boverton Redwood (1890} is reproduced i Fig. 2.

In an admirable pioneering veniare S E.Peal, a tea-planter, sailed up the Dihing Riverin
early 1879 upto the Nongyang { ake on the Burmese frontier. He reported Jaipur as having
“coal, and petrolenm to be found in large quantities not far off" and mentioned petroleum
springs near Marghenta. Talking to village eiders at Insa (ot Bor Bhakial) just upstream
from Makum he found evidence to belicve that someone was extracting kerosine from local oif
obtained from oil springs by 1879 . When it started is not clearly known butquite conceivably
+ could be coeval with the famous 1865 distillation experiments of Dr. James Young which
are generally regarded as the genesis of the pewroleum refining industry.

These then were the pathfinders. They were brave and valiant spirits engaged in specific
missions of a military nature, or civil servants with assignments in the (rontier tracts, oF
geologists on a mapping spree or looking for coal, or intrepid men searching for the indigenous
clusive tea-leaf and stumbling upon oil. They were all endowed with a keen sense of observation
and detail. and in their diaries and memoirs they wrote themselves into immortality.




1519

Pioneering in Assam

or o & o

o e epoog
.& panjiew d.ﬁ._ﬂ_aooq ESU‘G._.“‘&_
{OGR] POOMPIM LY
‘SATANIS-N0 WVYSSY

Jo dep EeNs

vi2ey o

Hvavsyd

Aeovsalg

..sg.aﬁ_. _ P.M

i

._,ﬂﬂnn

#_._Mm 189




1520

8 A Hundred Years of Oil

( b) The Assam Railways and Trading Company Limited
(AR&T Co.)

No account of the industrial growth of Assam, and least of all the present one, would be
complete without a reference to the Assam Railways and Trading Company Limited (AR & T
Co. Ltd.). It was this Company which, among other remarkable achievements, drilled Digbof
Well No. | and took the firsttentative steps towards the development of the Dighot discovery.

An excellent compilation of the AR & T Co. history by WR. Gawthrop forms the bawis for
much that follows®.

It was well known that Upper Assam was tich in natural resources. [fwas equally well-
known that such rescurce could not be economically expioited for want of reasonabie transport
facilities. Thus, oil remained locked up 1n Makum-Namdang, ceal-carrying boats from
Safrai frequently capsized in their river journey, timber could not be rationally exploited and
tca-planters wept as they sent their carge along the most dreadfulroads imaginable. Railways
was the answer to this transport nightmare. They would provide the link and at the same
time use the timber and coal for construction. Tea gardens could use the iocally available
coal, a mere 30 miles away rather than import coal from Raniganj, a 1000 miles away. The
Railways however would require machinery, locomotives, rails ete. which could only be
transporied up the Brahmaputra starting from Caleutta.

In 1878-79, the Assam Railways Company tried to raise fund tirreugh public shares for a
railway line between the steamer ghat at Dibrugarh and the 5ist mile on the Sadiva Reoad. but
the project failed. It was lef! to the AR & T Co. which was registered on July 30, [8&1 in
London to recognize thatany railway system in Upper Assam which wag unassociated with
the development of natural resources was doomed to failure.

One of the founders of the AR & T Co. was Dr. John Berry White, a name engraved in the
listory of Assam as the founder and benefactor of the Berry White Medical School at
Dibrugarh which eveolved into the Assam Medical College after independence through the
sustained efforts of the political and social leaders of Assam. What is perhaps less well
known is that White was also directly involved in the carly development of Assam’s o1l
resources’. To guote Sir Boverton Redwood, “White’s scientific and practical knowledge of
the subject, coupled with his long experience, has been of the greatest service in connection
with petroleum work”™. ft was a great tribute from one who was himself a distinguished
oilman®. It was undoubtedly at White’s insistence that the prospectus clearly stipulated that
the railway line should run as ¢lose as possible to the oil secpages of Borbhil and Makum.

Construction of the railways began in January 1882 under the overall supervision of
Benjamin Piercy, a renowned enginezr. On-site mmanagement was left to his brother Robert and
three [talian engineers, all named Paganini. Work began at the Dibrugarh end, and the line to
Makum Junction was opencd for passenger iraffic on July 16, 1883, Mcanwhilc, construction
had progressed northwards from the Margherita end also.  On Christinas day 1883 the two
lines met at Borbhil in the middle of a dense forest. Borbhil was essentially the future Dighbei.
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We now jump back a couple of years in history. In 1882, a concessiont was acquired by
the AR & T Co. covering the petroleum rights over 30 sq.mi. at Makum including the area on
which Mr. Goodenough had laboured. Owing to pre-occupation with railway construction
and collicries and general paucity of funds, it was however only in 1887-88 that the necessary
drilling equipment was assembied. Three wells were drifled on the soush bank of the Dihing
to depths of 110, 216 and 310 ft respectively but no new resources were established.

The Company had in the meantime also turned its attention to the north bank of the Dihing
and particularly to the Borbhit area where raiiway engineers and workmen of a plate-layers
camp had noticed oil seeps and had actually lived for moaths in an atmosphere luden with the
odour of oil. The anatogy with Makum-Namdang was 100 strong to be missed. 1o add
eolour to geological reasoning, legends were created that an ¢lephant with oil-soaked legs led
the men to the salt lick where seepages wera protific. Gther storics say that when the engineers
were cooking a meal, the ground near the camp-fire suddenty burst into flames from a hidden
oil seepage.

Whether influenced by geology or myth, the Company applied to the Government in
March 1888 for a licence (o exiract petroleum in the area now known as the Digboi field. At
a time when ecology and environment were unknown words, the Chief Commissioner rejected
the application saying that “‘a proposal that involves the destruction of so rauch timber of'a
reserve forest area cannot be lightly entertained”. He, however, agreed that if the borings
south of the Dihing proved fruitless the application may be reconsidered incorporating
suitable safeguards for preserving the forest,

Ignoring this reply, the Company went ahead in 1888-89 with arrangements 1o drilt at
Digboi, merely submitting 2 memorandum to the Viceroy, asking that “all the terms and
conditions of the lease or deed concession to be granted by Government may be forthwith
considered and definitely decided upon”.

The birth-pangs of Dighei Well No 1 had begun.

NOTES AND REFERENCES

1. From ancient writings in the taf dialect it would appear that an invadimg Burmese ammy saw 1
carlier in the third week of March 1817 when they camped at Yenankyang (river of kerosine). The
: descriptions of river systems in Waisali, as the frontier regions of Upper Assam were then called,
¥ suggest that Yenankyang could be the Namchik River. Familiar with oil in their own country, and
: more anxious to capture Sibsagar, the army moved on unmindful of what they had scen. The offictal
cradit, therefore, still goes to Wilcox.
The carlier non-geological writing of the pioneers, mainly military officers on reconnaissance
P duties or punitive expeditions, are clubbed together below for case of reference.
(i} Wilcox, R. Licut(1832): ‘Memoir of a Survey of Assam and the Neighbouring Countries
exscuted in 1825-6-7-8.” Asiatic Researches Vol XVII, pp 314-469.
(iiy Bruce, C.A. {1836): Report to Government dt. Ist October.
(ii) ‘White, A. Major (1837): *Notes' : Journ. Asiatic Soc. Bengal Vol VI
{iv) Bigge, W. Lieut (1837): ‘Notice of the discovery of ceal and petroleurion the Namirup
River’. Journ. Asiatic Soc. Bengal Vol Vi, p.243.

[}
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(v} Griffith, W (1837) : Journey from Upper Assam towards Hookhoom, Avaand Rangoon.
Extract from selection of papers regarding the hill tracts between Assam and Burmah,
Bengal Secretariaf Press.

(vi) Jenkins, F.Capt. (1838): Poiitical Consultations, Inda 28 March Nos.44-45.
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Makum (originally Makoom), which means mecting place in a Singpho dialect, 1s basically today's
Margherita plus an area 1o the southeast upto the Namdang River. It is not to be confuscd with the
much better known Makum 5 miles east of Tinsukia, which is a railway junction where the
Dibrugarh-Sadiya line and the Dibrugarh-Digboi-Lekhapani line part company.

Mediicott, H.B. (1865): ‘The Coal of Assam; results of a brief  wisit to the Coalfields of that
Province; with Geological Notes  on Assam and the hills to the south of 1t Afem. Geol. Surv,
India, VolIV, pt.3, pp.387-442.

(i) Godwin-Austen, H.H. (1874): ‘Geology of parts of the Naga Hills and Manipur’ Rep. Surv.
Gen. Ind.pp.79-84.

(ii) FHughes, T.W.H. (1874): ‘Petrofcum in Assam’ Rec. Geol. Surv. India, Vol VI, pt.2.

(iii) Mallet, F.R. (1876): ‘The Coalficids of the Naga Hitls bordering the Lakhimpur and Sibsagar
Districts, Assam’ Mem. Geol. Surv. India, Val. XIT pt.2, pp.26%-363.

(ivy Oldham, R.D. (1883} ‘Report on the geology of parts of Manipur and Naga Hills™.
Mem. Geol. Surv. India, VolL.XIX, pt.4. pp.217-242.

(v} La Touche, TH.D. (1886): ‘Geology of the upper Dehing Basin in the Singpho Hiils'
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. Gawthrop W.R. (1951} ‘The Story of the Assam Railways and Trading Company Limited, 1881-
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Berry White was not the first medical man 1o venture into and gain expestise in the rcaims of
geology and geomorphology. J. M’Cosh who wrote the first authentic topography of Assam in
1837 was an Assistant Surgeon. His superior officer, James Ranken, had a spellin the Naga Hills
and wrote ‘natural resources’ notes before becoming Secretary of the Medical Board in Calcutta.
Science and the scientific temper certainty had a more generous, and less compartmentalized,
meaning in those days; however, these is no record of a geologist having performed an appendectomy.
Sir Boverion Redwood (1846-1919) was a leading oil consultant in the UK. to several public
bodies and was intimately associated with oilfield and refipery practices in Burma, Assam,
Punjab and Baluchistan, A summary of his early work in these areas is contained in The Jaurnal
of the Society of the Chemical Industry, April 30, 1890, pp.359-370. He was part-time Consultant
to The Burmah Oil Company Ltd. from 1893 to 1919,
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Uphill and Downhill (1890-1920)

he successful completion of Dighai Well No. 1 was yel another feather in the already

overloaded cap of the AR&T Co. To commemorate the event, or perhaps coincidentally,
a railway station was built at Digbol preparatery to dismantting the old station at Borbhil
nearby. Digboi Well No_ 2 in the same area began in February 1891 and was abandoned as dry
at a depth of 720 fi.

in 1892 providence, which has frequently playeda decisive role in the oil industry, converted
Well No. 3 from despair to hope. Arrangements were in hand to abandon this well and Mr.
Slack, Senior Engineer, had gone to Margherita to make equipment and other arrangements for
Well No. 4. His brother, not having anything else to do and presumably fed up with the
mosquitoes and croaking of frogs, decided 1o drill a few feet deeper in Well No. 3. He had
scarcely been at work for haif-an hour when he struck a reservoir and the oil gushed up 40 1t.
and nearly engulfed him and his men. Well No. 4 drilied to a depth of 910 ft. also proved 1o be
successful and by 1893 there were fen wells yielding oil.

The vear 1893 was marked by three significant events. Negotiations with Government
were finally concluded with the grant of the Digboi concession o the AR & T Co. Also, an
adjoining concession to the north was granted to the Assam Oil Syndicate and they drilled
ceveral wells from which modest but short-lived production was obtained. Finally, a smali
refinery was built at Margherita and for 6 years, Digboi oil was sent there by rail in tank
wagons.

The drilling activities of the AR & T Co. progressed satisfactorily with 1} wells yield-
ing 0if in 1894. Tt would appear thatthe siting of these wells was more instinctive than on any
scientific basis, but since they produced oil no inconvenient questions were asked. The Chicf
Commissioner of Assam Sir Henry Cotton visiting Digboi in 1898 observed ; “The sight of 4
jets spouting black oil to a height of not less than 70 ft. was a striking spectacle’.

The Directors of the Board of AR & T Co., however, had the vision to recognize that the
oil business was a full-time business which could not be mixed up with timber, coal,
railways etc. and that a separaie organization was essential to manage the Digboi and Makum
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fields. Accordingly, a new Company, the Assam Ol Company (AOC) was promoted in 1899
with a capital of £310,000 io ke over “the petroteum interests of the AR & T Co. inclading
the Digbot and Makum concessions”. There was a2 common Chairman, Lord Ribblesdale.
The General Manager and the Agent were also comunon, but the Boards were separate,

The new Company inherited 14 producing wells with a total production of 2000 gallons
per day (50 barrels of oil per day, bopd). Confident of its destiny, a prospectus issued by the
AOC m 1899 says “As evidence of the remarkably prolific character of the Digboi Field it
should be mentioned that out of the 15 wells drilled only one has been unproductive, and
that one would almost certainty have yielded oil if it had been carried deeper. Tt will be seen
that the Field is a most valuable one”.

Almost immediately after coming into being, the AOC expanded the concessional area of
the Field by purchasing the rights of the Assam Oil Syndicate. A new refinery was built at
Digboi and the romantic, if creaky, journey of Digboi oil to the Margherita refinery declined
and finally ended with the dismantling of the latter in 1902, In 1904 the Civil Surgeon of
Lakhimpur was appointed as “the Officer by whom the sample of petroleum refined at Dighoi
Oit Works shall be tested each month”.

The integration goal of the AR. & T Co. was rapidly attaining fulfilment. The railway
line was completed and the collieries opened by 1884-85. At the same time river fransport
. was stream-lined (no pun is intended) by commissioning 5 steamers and 16 flats. Oil was
struck at Digboi, saw-mills were established at Margherita and a brick-works set ap at Ledo.
The Makum (Assam) Tea Company came into being in 1892, Sinali wonder, therefore, that in
a lengthy note dated Sept. 24 1898 to the Government of India the Chief Comunissioner of
Assam wrote that “without the great work of the A.R. & T Co. there would have been no
Borjuli tea, no Margherita settlement, no Digboi oil and ne Makum coal”.

Thus at the tum of the century, AR & T/AQC were on top of the world. While visiting the

arca on March 7 1904 the Viceroy, Lord Curzon, ebserved “1 find here a most interesting and
enterprising corner of Her Majesty’s Dominions”. Pride of accomplishient was further inflated
when the first batch of kerosine oil made in the new refinery was symbolically reteased to the
: market it December 1901, There was now genuine native oit for the lamps of India,
In 1903/1904, A B. Hawkins took over as General Manager of the AQC and shifted his
headquarters decisively (as against the off-on procedure of previous vears) to Digbot. This
signalled a somewhat distinet severance from the AR & T Co. though the latter still had
substantial shares. Hawkins started his job with energy and enthusiasm despite a wind-storm
which badly demaged the Refinery in 1903, and endless trouble in obtaining and retaining
labour'.

The early wells of the Digboi Field were drilled by the percussion system using pole
: tools. This was subsequently modified by the substitution of wire-line for poles in the lower
portion of the deeper wells. Shortly afterwards, poles were entirely discarded and cable
3 drilling adopted 4s standard.

In 1912 the rotary system was introduced, Well 47 being the first well t0 be drilled by this
method. It was an immediate success.

Several wells in northeastern Digboi were commenced by rotary and finished by cable
tool.
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Well records were faithfully kept though English was not always a strong peint. A
requisition for 6 pairs of men must have driven the then Labour Superintendent, or whatever
he was called, crazy. In his delirium he would have had the companionship of the rig engineer
who had to deal with such profound remarks as “all night had to quarrst with the water-swivel™.

On the production front, the figure almost trebled from 43 bopd in 1901 to 120 bopd in
1902. Thereafter there was a steady rise 10 247 bopd in 1911 reaching a maximum of 435
bopd in 1917.

The First World War (1914-1918) was just a distant thunder for the AQC. There was 0o
involvement in any manner. Great Britain, France and Italy obtained their oil from the U.S
and Mextco. Germany got her oil from Romania (Galicia) till such time as the Romanians
destroyed their cilfields and thus dealt a2 mortal blow to hopes of German victory. The war
underlined the importance of petroleum with Lord Curzon stating that “the allies floated to
victory on waves of oil” and Clemenceau emotionally declaring that every drop of oif was
worth as much to France as a drop of blood.

For the AOC, however, this message was apparently lost. The downhill journey had long
since begun though it was masked by temporary production gains. After paving due obelsance
to the hard work, pioneering spirit and integrity of the AOC one must record with the
hindsight of history the inbom lapses that accompanied thetr growth.

The Company was not entirely devoid of geological knowledge of the ficld. The west
south west-east north east trend of the rocks (“strike™) was appreciated and there was a belt of
good producers that could have been follfowed up. Instead, an enormous amount was spent in
obtaining worthless ground from the Assam Oil Syndicate.

Sensing that things could go wrong, the Board called for an increase in crude oil supply
keeping the capital expenditure down to a minimum. A letter dated May 6 1904 from London
wamned that “until we treble our present supply there must be no rest to your feet nor slumber
to your eyelids™. Cold-shouldering geology, the local management opted for a drilling orgy.
The cireular went forth - * I do not think it matters much to mty Board where you drill so long
as you drill, but only drill drilt and drilt anywhere you fike and get us oil”. The same letter also
insisted upon an adequate labour force, irrespective of cost,

In conformity with this policy, there was what may best be described as promiscuous
wild-catting with obviocusly no oil. This wiidcat mania was an impertant contributory factor in
the decline of the Company.

It was with a scnse of reluctance that drilling in the proved areas was undertaken, Well
19 was spudded in early 1902 and it was almost 7 years later that the next well was started i
the proved area. That the Company survived these 7 years wandering in the wildemess is a
tribute to the eartier randomly established resources of the Di gboi Field. The orginally stated
objective was to drill 6 to 7 wells a year in the proved arca “and swamp the refinery with oil".
It took 10 years to reach the objective of 6 wells per year.

Many drilling problems such as fishing and crooked holes arose  due 1o inexperience.

-Non-ebservance of elementary safety rules regarding lighting, dumping of waste il open

fires and handling of gassy wells led 1o fires and massive destruction in Wells 5, 20, 21, 25,
27. The Well 5 fire was a particularly warm welcome for a Lieutenant Governor who Was on
a vistt to Digboi field.
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About 20 drillers were employed in Digboi and it must be conceded that they were
trained well. However, they could not achieve good footage. Later, other dnillers came to the
Field, all of them Canadians. They laughed at the performance but fared no better.

While the failure to utilize geological reasoning was in a sense understandable”. what defied
comprehension was the nonchalance with which the Board dished out dividends unmindful
of dwindling profits.

The same lack of direction and destination underlined the Company’s approach o refining.
Potential should first have been established in the Fields before giving up the Margherita
Refinery and embarking on a new one at Digbot. Records show that even as early as 1904
alipost £100,000 had been spent on the Refinery and only a quarter of this sum on the Frelds.

Compounding the errors of the Home Board was the near total lack of technical support to
a non-technical General Manager in the Fields, The bewildered man viewed every accident as
“a piece of bad huck” with apparently no further thought o remedial measures. Regarding
! casing troubles in Wells 20 and 22 he wrote “everything that can go wrong has done so... and 1
can give no idea as to what has caused this teryible trouble™. And again “it is a tesrible climax
to a horrtble season and 1 am feeling utterly impotent.

By 1920, by which time the Company had completed 80 welis with a total average
production of 350 bopd, the impotence had become all pervasive in both techmical and
financial aspects. From Burma across the blue Patkat hills, The Burmah Oil Company Limited
which had already established a toe-hold in the Surma Valley?, thought it the right moment to
move i,

NOTES AND REFERENCES

i, A.B. Hawkins (1872-1920) demonstrated in his rather brief life a remarkable sense of loyakty and
perseverance. Forced out of England due to ill-health at the age of 17, he satled out to hus elder
brother who was working in the Railways in Assamn and joined the AR & T Co. a few years later.
He married in 1962 and continued in Assam despite dangerous bouts of illness.  He retired
prepuaturely in 1920 and died at sea while enroute to an elder brother in New Zealand {personat
conununication from his daughter, Mrs. Bruno, to whom [ am indebted for the life-sketch).
Geologists apparently played no part in the oil exploration activities of the 19th centuty. Surface
seepages were still the prime guide. The Burmak O1l Company was perhaps the firstin the idustry
to have a geological staff of its own as earfy as 1905/06 and to make consistent use of them tor
both exploration and development. Across the Atlantic, the attitude was a mixture of mid respect
and mild amusement. Charles ], Hares, first geologist of the Ohio Oit Company lamented I do not
remember drawing or seeing a contour map of any field while I worked for the Company ... 5000
after the Rock River Oilfield came m 1918, | said to Jack McFadyn the Vice-President "May be we
should finelly make some contour maps’. His curt reply was ‘T'll take care of this field; you go
and find another.””
3. The Surma Valley 1s a broad belt of low ground about 125 miles long and 60 miles wide, south of
the Shillong Plateau and the North Cachar Hills. It is occupied by the Barak River and its tributanes,
including the Surma River,
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Aftermath of Success (1953-1959)

he success at Nahorkativa was the culmination of a long story of failure, frustration and

despair in the oil exploration activities of Upper Assam, It was also the prelode (and.
quite conceivably, the trigger) to a string of oil exploration programses elsewliere in the
country.

Shortly after the Nahorkatiya discovery, the Union Deputy Minster for MNalural Resources
and Scientific Research, Shri K.D.Malaviya, visited the Upper Assam Qilfield areas. The
competence, dedication and team- spirit which he saw in the operations must have convinced
him that India and Indians could manage the oil business. To this conviction we ewe the
beginnings of the national oil industry. Back in Deibi, he noted with a sense of pride that “the
latest oil-wells in Assam were struck nnder the guidance of an Indian. Shri W.B.Metre”
{Assam Tribune: 19 June 1955). That this was not a transitory emotion is borne oul by the fact
that 21 years later, whils presiding over the 9th Debenture draw ceremony of OIL on 23 Sept.
1976, Shri Malaviya who was then Union Minister of Petroleum and Chemicals, observed:
“We have many things to leamn from OIL: their standard of working i the fields, themr
appreciation of the economics of oil exploration, eperating in a situation of opurnism.... nits
totality, | must congratulate the OIL leadership for carrying on its tasks in the face of difficulties
of several types.”

Perhaps the most salutary fall-out of the Nahorkatiya discovery was the hastening of the
decision to create what was ultimately to become the Oit and Natural Gas Corumission
{ONGC). As early as 1948 an Indusirial Policy Statement had clearly indicated increasing
State participation in the commanding heights of economy. Within the next few years, the
socialistic pattern of society was adopted and the 5-year planning system switched on. The
Tndustrial Policy Statement of 1956 endorsed and tightened the 948 resolution and squarely
placed oi} as a priority Schedule ‘A’ Commodity'.

In order to carry out this directive, the Oil and Natural Gas Division of the Ministry of
Natural Resources was established in 1955, incorporating a petroleum exploration group which
for some time had been working in the Geological Survey. The Division became a Directorate
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and subsequontly a Commission, working as a department of Governmeni. In 1959 the
Commission attained the status of an autonomous statutory body. The coming ingo being of
the ONGC was aparticularly significant milestone in the gontinuing story of the oil industry
in India. Between 1956 and 1959 the ONGC had vompleted a weli at Jawalamukhi in the
Puniab foothills, established the Cambay and Anldesvar fields (the Anklesvar completion
was actually in 1960} and was poised for exploration in other parts of the country; further
reference 1o this activity will be made in a later chapter.

In West Bengal?, another deveiopment was taking place. In 1949 the Standard Vacuum
Oil Company, a joint venture of Socony Vacuum Oil Company of New York and the
Standard Oil Company of New Jersey was foymed for oif exploration in West Bengal. For the
first five years the Company ran the show alone, spending Rs. 640 million in the process, and
carried ouf an asromagnetic survey of approximately 13000 ling miles between October
1951 and March 1952 This was the first survey of its kind in Asia.

On 24 December 1953 an agreement was signed between the Govermiment of India and
Standard Vacuum Oil Company for a joint exploration programimne over 19,000 sq miles m
West Bengal with Government participation of 25% to a ceiling of Rs 23 million. "This was
the Indo-Sianvac Project under which exiensive geophysical surveys, seismic and gravity,
were carried out in 1954-1956 followed by the drilting of 10 wells in 1957- 60. All the wells
proved to be dry and the Project was terminated in 1960 { Appendix F).

Reverting back to Nahorkatiya and Upper Assam, the successful outcome of NHK-1 was
a triumphant vindication of the geophysical methods of explotation for possible oil-bearing
rocks hidden beneath the plains. The discovery signified the possibility, even probability, of the
existence of other oil pools elsewhere beneath the Upper Assam alluvinm. An immediate
resumption of the geophysical work which was suspended in 1938 on account of the war was,
therefore, fully justified.

Arrangements were made soon after the completion of NBK-I for a detailed gravity
survey of the whole alluvial areausing the improved methods that had then become available,
for an seromaggetic survey and for seismic work in selected areas.

The magnetic survey provided a general picture of the distribution of sediments throughout
the whole of the Assam Valley. The gravity survey proved to be disappointing and failed to
produce a satisfactory guide to the areas which were worthy of serjous investigation by scismic
survey. In consequence, the seismic survey bad to be far more extensive than expected, but
the reconnaissance survey and much detailed work had been completed by 1954 when the
geophysicai licence expired.

in accordance with the terms of the guarantee given by the Assam Government in 1937,
the Assam Oil Company, before the expiry date, applied for prospecting licences over 2516
sq. miles within the alluvial area. Meantime, driliing continued at Nahorkatiya and several
producers were satisfactorily completed. A prospecting licence had already been issued for
the Nahorkativa Extension Area in 1953, In 1955 licences were issued for the Hugrijan area

e S
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and for Moran, about 30 miles southwest of Nahorkatiya, A well was drilled at Moran and
completed as a producer in October 1956, By 1957, the seismic survey of the areas for which
prospecting licences had been granted was complete.

At this stage it would be pertinent to point out that the forties and fifties were witness to
a great intellectual adventure in several spheres of the ofl industry in Assam. Some of the
work on straia correlation:, mud engineering, handling of produced fluids, etc, were of pioneering
nature and set world standards in excellence. Many Indians were associated with these
achievements (see Appendix E) and the expertise they had gained contributed to the
Nahorkatiya discovery. And after the discovery it contributed to the development’.

The latter contribution was truly impressive. Nahorkativa was discoverad in 1953 when
the science of reservoir engineering was entering into adolescence. By 1956 enly 16 wells
had been drilied and the evidence suggested a subsurface broken into blocks by a ¢riss-cross
of faults which could have acted either as barriers or conduits to oil movement. Despite
this meagre and disquieting evidence, the geoscientific team headed by W.B, Metre and A.B.
Das Gupta could announce in September 1956 that *the proved and probable reserves in the
Nahorkatiya area ... are sufficient to plan a production target of nearly 2.5 million tons of oil
per year with 45 millicn cubic feet of gas per day’. This forecast was a courageous declaration
at the end of a strenucus geoscientific exercise to which, of course, was added the inevitable
hunch factor. And all this within 3-4 years of the discovery. On the basis of this assurance,
which was fortified tater in the year by new discoveries at Hugrijen and Moran, the erecticn of
a public sector refinery with help from Romania began at Guwahati in 1959. The refinery
was commissioned in 1962,

To ensure that the tradition of excellence would be maintained in the development of the
Nahorkatiya discovery, several qualified young men from foreign and Indian Universities
were recruited in the 1933-39 peried. Amongst others, these included R. Mitra, K.F. Gupta,
5. Chaliha, C. Ratnam, B.D. Datta in the geosciences; B.K. Bhattacharyya and C.G. Banerjee
in chemical; H.L. Khushalani, A. Chandwani, D.K. Chanda in drilling; and, A.K. Sarma, R.X.
Barooah, 8. Palit, K.N. Ramchandani, PD, Kataria in engmeering departments. In a
marked departure trom the managerial practice of that era, these young men were given
responsible assigmments from the start of their career and they invariably proved worthy of the
confidence thus reposed in them.

All ofthe heavy workload of exploration and drilling following the Nahorkatiya discovery
obviously meant the building and/or upgrading of reads, bridges, culverts, embankments ctc.
for the safe movement of heavy oilfield traffic. T was, however, still too garly to think of
building a township, so Digboi continued to be the main base. A South Bank camp nsar
Nahorkatiya town housed the personnel immediately concerned with drilling of the first fow
wells, ’

In 1954 Barua Camp was built at the Ficld on the north bank of the Burhi Dihing River as
a temporary local headquarters to cut down on comumuting from Digboi. Land for the camp -
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was acquired from Tankeswar Baruah who had started his career with the AOC and then
migrated to the greener pastures of contracting. The camp consisted of a few houses and
two-roomed residential bungatows built in the Assam-style with rush walls and grass thatch.
Despite their flimsy appearance, these buildings have withstood over 40 ycars of beating
by heavy monsoons. Some of them were destroyed to make way for a new oil-collecting
station but many arc still inhabited after minor repairs.

The Barua Camp had the usual cheerful retinue of snakes, cockroaches and assorted
insects. At nightfall, the only prominent sounds were those of the jackal and the owl. At
times, the music of Mohammed Rafi and Lata Mangeshkar Fliered through the traffic noiscs
from Basanta Cinema House as if to invite the inhabitants of the Camp to the next show.
The Camp was on low-lying grassy terrain and the water-table was never far from the dining
table. Virtuaily every monsoon it was a question of wading or rowing 1nto one’s house.

Around this time it was also decided to construct a 24-mile long voad through the thick
Dihing Reserve Forest to link Digboi with the Nahorkatiya Field. The new road would
replace the twice-as-long poor quality road via Tinsukia. Work began in August 1953, Atthe
Digboi end was a 7.5 mile jungle track which originally accommodated a light railway serving
the oil-drilling operations many vears earlier. Following this, was 2.5 miles of an ancient
‘ati” (highway of the Ahom Kings). These 10 miles were cleared, widened to 16 ft and
strengthened. Much of the remaining 14 miles lay in thick uncharted jungle and assorted bush
country. With a massive effort from the Digbot and Nahorkatiya ends as also from the centre
of the spread, the road was carved out in 8 months time. O June 16, 1954 Peter Williams an
assistant engineer of the AOC had the distinction of being the first person to drive down the
entire length of the road. A vital link had been established in the industnal life of Upper
Assam. This was fortified by the opening of the telephone link on July 1, 1954.

The success of Nahorkatiya Well No.1 set in motion a series of field activities, one of the
most important of which was the release of new locations for follow-up drilling. The geologist
and civil engineer of today would be surprised to leam that within a year of the Nahorkatiya
discovery, locations had already started posing problems. A technical writing of April 1954
taments : ‘Upto the present we have hiad scope to move locations to get on 10 good ground;
shortly, this will kave to stop and the mumber of unavoidable bad locations will increase. Though
we shall try to do much in the cold weather as possible, this will not always be practicable......”.
The writing concludes with the advice that ‘sand and silt from the river makes an admirzbic
fill; the contrast between No 2 plinth (clay) and No.3 (river sand and siit) in the recent heavy
rains was remarkable’. .

The acquisition of land was in most instances a sensitive and emotionally wrenching
experience. In overcoming the difficulty, patient negotiations with land-owners, village
elders and the local civil officials conducted well in advance, paid off making it unnecessary
in most cases to resort 1o the lengthy and unpopular process of compulsory acquisition. This
was ap important aspect of the early development programme, for the goodwill of a
population drawing its livelinood from the land was an essential pre-requisite to the launching
of the large-scale works that were 0 follow.

-;;
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The same methodology of tact and tolerance paid rich dividends in the Moran Field
where, as mentioned earlier, oil was struck in 1956.

While these otlfield activities continued in the bheat and dust and swamps of the Valley,
the winds of change were blowing at the higher echelon. Bowing to these windsthe
Burmah Oil Company Ltd. signed a Promotion Agreement with the Government of India
(GOL) in January 1938 to forrn a Rupee Company 10 take over the management of the AGC-
discovered fields of Nahorkatiya and Moran. The new Company, known as Oil India Private
Limuted (OIL), was incorporated on 18 February 1959 with the BOC holding two-third of the
shares and GOT one-third. The agreement contained the assurance that Bunmah would get
a guaranteed dividend of 10% and OIL would supply 1.3 million barrels of oif per year to
Digboi Refinery. Mr. WP.G. Maclachlan, who played a decisive role in the negotiations,
became the first Chairman of GIL.

On the day of incorporation, which was celebrated with much pomp and ceremony at
Duliajan, the underground assets of the Company consisted approximately of 260 million
barrels (40 million tonnes) of gross ultimate recovery of which about 193 mitlion barrels (30
million fonnes) under the category of proved oil reserves.

On 27 July 1961, the Government of India share holding in the Company increased from
on¢-third to one-half and a 50:50 partnership, destined to endure for 20 years and to become
an example and an inspiration to the joint sector concept, came into being. Al the beginning
of 1962 J.C. Finlay, grandson of Kirkman Finlay, became the Chief Representative of the
Burmah Group in Ind:a as also the Managing Director of OIL. As deputies he had men of
excepiional calibre, G N.S. Robertson and V.W. Good, who helped him keep the BOC culture
alive and well in Delhi. Under the Finlay regime, the process of Indianization was accelerated;
it climaxed with the appointment of A.B. Das Gupta a renowned geologist and administrator
with 28 years of service in BOC/AOC/OIL as Managing Director on 5 November 1969

It was also fortunate that in the formative years, the Chairmanship of OIL was held by
distinguished personalities drawn from the political and social life of the country. These
included Sarvashrec Khandubhai K. Desai (1961-68), Dev Kanta Barooah (1968-71), Sarat
Chandra Sinha (1971-72), Sriman Prafuila Goswami (1972-74) and Raja Ajit Narayan Decb
(1974-76). Their presence at the helm provided the stability and that atmosphere of tolerance
and adjustment between the two partners that led Mrs. Indira Gandhi to remark that “ OIL is
a fine example of the co-operation between the public and private sectors”.

The new Company quite understandably sought to esiablish iis own identity away and
apart from Digboi. The search was started for an area near to or in the heart of oilfield
activity where 8 township and industrial complex could be set up. The search proved to be
unexpectedly easy. A large tract of land, with satisfactory natural features and close to the
railway station of Duliajan, was available. The Jand belonged almost entirely 1o the Zaloni Tea
Estate and its acquisition was effortless since only one owner was involved.

After obtaining the land, clearance work started. Records show that in the process, 4
leopards and 2 tigers laid down their lives. It was bush country and Duliajan had to grow out
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i of nothing. Provision had to be made for schools, hospital, recrcation and all the other needs
! ; of community life. There was more than ample space; what was required was that special
; blend of aesthetics and engineering.

g Abandoning architectural sophistication, the planners settled for 5 basic types of bungalow
* desin. They then set out to make wide roads, parks, flowering trees in the 590 acres set
aside for housing (this figure presently stands at 743 acres). In this “picasantness’ process
they weie aided by the counsel and guidance of Entd Hawkins who had a life-long love affair
with flowers and plants and Dr. N.K A Tver, G.M. of AR & T Co. who helped make the general
layout pians. Building material was obtained by the railway which was runming through Duliajan
since 1995 although the actual siding was built only in 1912, The Company encouraged
private businessmen to manufacture bricks from lecal clay by making natural gas availabie 1o
the kilns. Brickworks were thus established and as work for the new township tailed off,
other markets were found.

The first priority in the building programme was, of course, on the operational and
administrative side, This included, besides the office buildings, an industrial complex spread
over 131 acres {fexclusive of the 35 acres since ocoupied by the LPG plant) and a water-
treatment plant for both industrial and domestic purposes. At the same time, streets and sites
were prepared in the “Setiiement Area” where employees could build their housas to a standard
design with liberal assistance in cash and kind from the Company. All the houses have good
gardens in which vegetables thrive in Assam’s fertile soil to supplement household food
supplies and reduce dependence on the market.

The OIL market came up in 1961, the Duligjan Club in 1962, the Zaloni Club in 1968 and
the general office in 196869,

The township which was so painfully carved out of the jungle had to have a name. Zaloni
was lovely but it could have led to serious postal and communication complications vis-a-vis
the tea-cstate. And so the name of the railway station, Duliajan, was selected. Various stories
exist regarding the origin of this name; the most plausible one is that it was the camp or
setthing piace of the Dhulias, the palanquin bearers of the Ahom Kings. And since a stream or
jan flows nearby, the explanation is complete. Actually, there exists the village of Duliagaon
on the western side of the railway Hne opposite the industrial area.

Today, the new Duliaian has a poputation of about 75,000 from alf over India. There are
adequate educational, medical and recreational facitities and a fine scope for social and cultural
EXPIression.

The transformation of Duliajan from forest to metropolis was aceomplished without creating
any major trauma o the population of the adjoining and neighbouring areas. This is a tribute
to the patience, tact and compassionate understanding of those who guided the destinies of
011 at that point of time.

NOTES AND REFERENCES

1. Like all winds, it started as a breeze with the Industrial Policy Resolution of 1948 which divided
industries into three categorics:
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Aftermath of Success (1933-1959) 3%

{i) exclusive monopoly of the State like atomic encrgy, defence;
(i1} six industries in which the Statc took the responsibility for the establishment of new undertakings
without disturbing the old such as coal, iron and sieel, telephones, petroleum ete.; and,

(iity broadly conirolled private enterprise in respect of 18 industries such as textiles, rubber, sugar,
cement etc. Forcign investiaent was still welcome in the field of o1l exploration apd
refining, and assurances were given that  such investment would be accorded rational
treatment. This was reiterated in an official policy statement by the Prime Minister on 6 April
1949. Twe years later, the Industrial Development and Regulation Act, 1951 laid down specific
guideines for controlling privatc sector enterprises.

At the 60th session of the Indian National Congress held at Avadi on fanuary 21-23 19535,
the Socialistic pattern of socicty was adopted as India’s natural destiny. The Industnal
Policy Resolution of 1956 comrespondingly reflected a hardened attitude. Increasing state
intervention was envisaged in all sensitive industries and restrictions were placed on foreign
ivestments, collaborations and pricing policies. [t was the historicaily inevitable and logical
assault on “the commanding heights of cconomy ™,
For the sake of geographic and geological coniinuity, West Bengal is included in northeast India.
In this context, one is strongly terapted 1o quote Buckminister Fuller {18%3-1983) : ‘Development
is programmable; discovery is not. Discovery.. is a flash of transcendental light comprehensible to
exquisitely prescient minds. It requires a little bit of creative nsanity”.
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Abstract

The upper Assam basin is an intermountain basin surrounded on three sides by fold and thrust belts. The area is known
as one of the most seismic active areas of the world. It has experienced two of the largest earthquakes in recorded
history. Upper Assam basin is also the home to two of the world's largest oil and gas fields. These two superlative
characteristics of the basin suggest the temporal nature of oil and gas accumulations and underline the significance of
viewing petroleum systems as dynamic processes as opposed to static entities.

An integrated regional study was conducted part of a petroleum exploration program of the Jaipur anticline area. In this
study, structural modeling and sequence stratigraphy techniques were used to define the stratigraphic and structural
evolution of the basin and to relate that geologic history to timing of maturation and migration of hydrocarbons.

During the study, regional unconformities, recognizable on geologic maps, seismic profiles and well logs, were
identified. Mapping truncation of formations at each of the unconformities and construction of isopach maps provided
insight into the development of regional structural features. Maturity data for the source rocks in the basin indicate that
hydrocarbon generation began as early as mid-Oligocene, with a major pulse occurring in late Miocene. These data also
show that the source rocks are now at peak maturity for oil generation in parts of the basin. This interval of hydrocarbon
generation includes nearly the entire time in which the region evolved from an extensional plate margin to an
intermountain basin between two orogenic belts. Sustained hydrocarbon generation throughout a complex structural
history implies a complex history for migration and accumulation of hydrocarbons in the basin.

Selected Figures

”:ﬂ Tectonic setting, upper Assam basin between Assam-Arakan fold belt and Himalayan orogen.
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Assam-Bengal basin.
f

Upper Assam Valley oil fields.

Seismic markers and relative dating.

Stratigraphic-structural event chart.

Oil field characteristics.

Dynamic hydrocarbon system.
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Upper Assam Valley Oll Fields
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Questions

= Why Is the oil where it is (or why any oll at
all)?

= What Is the effect on an oll field when the
ground surface moves > 30 feet vertically?

= What does this Hydrocarbon System tell us
about Hydrocarbon Systems in general?
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Geologic History
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Early Structure
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Regional Foreland Seismic Profile
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Basin Plunge Section
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Structural Evolution
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Structural Summary

= Early Structures = Horsts and Grabens
= Mild Inversion of Normal Faults
= Multiple episodes of thrusting and erosion

= Several Generations of up-lift on the Dauki Fault
System
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Oil Field Characteristics
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Petroleum System Model
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Upper Assam Valley Oll Fields

e

Nahorkatiya ——"=_ 5 g "

Baragolai
._H-

w Oil Seep

el '
@,Q 6\' r
AN Oil Field

3|"1I||DI'I_Q E!ateau QS __f’




Questions

= Why Is the oil where it is (or why any oll at
all)?

= What Is the effect on an oll field when the
ground surface moves > 30 feet vertically?

= What does this Hydrocarbon System tell us
about Hydrocarbon Systems in general?
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Structural Summary

= Early Structures = Horsts and Grabens
= Mild Inversion of Normal Faults
= Multiple episodes of thrusting and erosion

= Several Generations of up-lift on the Dauki Fault
System
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Oil Field Characteristics
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Figures from Seshavataram, et al., 1980
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Digboi Field

siitx 56 & ST Pool
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Gas Sands
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Qil Pool of Digboi Oil Sand Group 5,000 Feet

Redrawn from Carps, 1845
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Kharsang Field

Oil generally 19°¢ - 29° API
but one well has 35¢° oil

Qil is Aromatic in the East
Napthanic in the West

Residual oil shows below
1000m
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Figure from Handique & Bharali, 1984

Approximate Location of Cross Section
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Petroleum System Model

Author(s): Timothy R. Klett Date: 3-23-88
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Dynamic Hydrocarbon System

Constructive Phase Destructive Phase

Increasing H-C column
=> increasing capillary
pressure => charge of
low P&P units

Dolomitization, W
Dissolution @, :
Initial charge in ) £
high P&P units _ '/

SN variability in API gravity
"N Residual Oil Legs
@ Degeneration

— . Generation & Migration of Hydrocarbons

ﬁ may occur continuously or episodically
h

after the "critical time"
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Life & Death of Petroleum Systems
and
their included Oil Fields

W. Norman Kent


Presenter
Presentation Notes
This presentation was made at the APG Duliajan Chapter Meeting, 2010 in Duliajan, Assam.


Hunting the Tiger
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2.	Oil exploration is like hunting tigers
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What we need to know about Tiger

e What is a Tiger
e Tiger is alive

e Where does Tiger live

e How does Tiger move

e Tiger leaves tracks
e W

e W

nat does tiger’s tracks look like

no are Tiger’s enemies and friends
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3.  If you hunt tigers you need to know what a tiger is:
a.	Most important, the tiger is alive.
b.	You need to know where a tiger lives 
c.	You need to know how the tiger moves
d.	What kind of tracks a tiger leaves when it moves
e.	What are the friends or enemies of the tiger
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If we are hunting Oil,
we need to answer

the same questions
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4.	If you hunt oil, you need to ask similar questions.


Petroleum System Model
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5.  This model treats petroleum systems as “statues” immobile after they form.   The current view of petroleum systems is a set of fixed elements waiting for us to find them. The typical petroleum system chart illustrates the components of the system and indicates when they developed.  A “critical moment” is indicated as a single instant when all of the components were in existence and after which they were preserved for us to find them.  This is a static view of the petroleum system much like seeing tiger as a marble statue.

The petroleum system is not the sum of its parts, but rather a dynamic self-organizing system driven by heat and gravity (buoyancy).  The components will interact so long as there is a source of organic source material, driving energy, and confining space for metastable accumulation of hydrocarbons. 
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6.  This photograph of a core taken in UV light illustrates the need to hunt oil as a fugitive mineral.  The core has good porosity & permeability and shows good bright yellow fluorescence.  We were elated to see this core when we extracted it at the wellhead.
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7.  How can an interval with excellent oil shows produce only water? Understanding hydrocarbon shows is critical for proper decisions, and understanding hydrocarbon shows requires thinking of the hydrocarbon system as a dynamic process.


Core Saturation

OIL GAS WATER OIL GAS WATER
AT SURFACE 0% |12 40 48 12 40 48

s |2 | 2] ]
BERIER

INRESERVOIR 9% | 70 30 0 70

GCONTINUOUS PHASE RESIDUAL OIL

This chart is for an oil reservoir badly flushed by water based mud. Other scenarios exist
for gas reservoirs and oil mud. From the Fundamentals of Core Analysis, Core Lab
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8.  The core at the surface is a sample of how the reservoir rock will look when it is depleted to atmospheric pressure.  A core from a newly discovered oil field will have a similar appearance to a core taken when the field is completely depleted or to a core from a naturally depleted residual accumulation.  This relationship is illustrated by a figure from the “Fundamentals of Core Analysis” By Core Lab.  

Although this figure is specific to a continuous phase oil reservoir that is badly flushed by a water-based mud, it answers the paradox of why cores that bleed oil on the drill floor are not good news for conventional reservoirs. (They still have not given up their charge even when at surface pressure.)


Oil & Water
in a
Reservoir Rock
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9.  The next slides illustrate the relationships between reservoir saturations, capillary pressure, relative permeability, and fractional flow of oil (gas) and water.

In a well drilled through an oil / gas bearing rock unit there is an elevation at which the first indication of oil occurs.  Below this height in the reservoir, water saturation is 100% and only water will enter the borehole.   This is the Free Water Surface. Above this point, the hydrocarbon fraction increases to an irreducible water fraction.  The production behavior of the well bore is related to this water saturation (Sw).  Above the free water surface, the reservoir still produces water up to the base of the Transition Zone or the Oil / Water Contact.  Within the transition zone both oil and water flow into the borehole with the oil fraction increasing upward in the borehole.  Above the top of the transition zone, hydrocarbons are produced despite decreasing water saturation.


Oil & Water
in a
Reservoir Rock

t °*Reservolr Saturations
eCapillary Pressure
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10.  Reservoir saturation of hydrocarbons and water are related to capillary pressure of the rock unit.  Capillary pressure is, loosely, the force necessary to cause the oil to move through a pore throat against the interfacial tension between the oil and water phases.  The force to move the oil is the result of the buoyancy force created by the hydrocarbon column heights.  For a given pore throat size capillary pressure increases with increasing oil column height and decreasing water saturation. 


Oil & Water
in a
Reservoir Rock

4l °*Reservolir Saturations
il «Capillary Pressure
*Relative Permeability
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11.  The relative permeability of hydrocarbon with respect to water can be related to the water / oil saturation and the capillary pressure.  Thus if the capillary pressure curve for the reservoir is determined, then fraction of non-movable oil or residual oil can be determined.


Oil & Water
e Faisis in a
Reservoir Rock

dil *Reservoir Saturations
a eCapillary Pressure
*Relative Permeability
°Fractional Flow
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12.  This in turn, can be related to the fractional flow of hydrocarbon and water.  This is useful information to determine where the sample point is within the transition zone or how the transition zone has expanded during production. 


Relative

e Permeability

NO Water Cut

Free water table

A = Intersection of K, with K, curves. Oil
A= and water flow at equal ease. Hence,

watercut is 50%. Position of capillary
pressure curve defines elevation (height)
in the reservoir above free water table

C = |rreducible, nonmovable water saturation
characleristic for a specific resernvoir rock.
Walerfree production from reservolr oocurs
above

=ne: K = Relative Permeability to oil
K., = Relative Permeability to water
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13.  Note top curve, capillary pressure.  Without delving into the complexities, the shape of this curve is generally a function of pore size, pore distribution, and relative density of contact fluids. Greater force is required to move the oil through pore throats as the of the pore throat decrease in size.  Large differences in the density of the water and hydrocarbon yields greater buoyancy.  High-porosity, coarse-grained reservoirs with light oil and high salinity water will have thin transitions zones (lower solid line), while low-porosity, fine-grained reservoirs with fresh water and heavy oil will have thick transition zones (upper dashed line).


Irreducible
— » . Oil
‘ Saturation

* B = Residual Oil saturation (nonmovable Oil)
This oil cannot be recovered by water
flooding, only by enhanced recovery

flooding, only by enhanced recovery.
= |rreducible, nonmovable waler saturation

characleristic for a specific reservoir rock.
Walerfree production from reservolr occurs

above elvation of point C, provided proper
zone solation (cemeaniation) Is prassnt.
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14.  Point B is the base of the transition zone or top of the immobile (irreducible) oil interval. Oil in the interval with water saturation greater than this value cannot be moved by water flooding, although miscible fluid floods may extract this oil. 


Transition

Irreducible
- \Water

\\ Aquifer
A

Saturation

Permeability

100

8

e oy

C = Irreducible, nonmovable water saturation

characteristic for a specific reservoir rock.
Water free production from reservoir
above elevation of point C -
provided proper zone isolation
(cementation) is present

zone isolation {cofn'mmbnj Is present. :
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15.  Point C is at the top of the transition zone.  Above this point, only irreducible, non-movable water exists in the reservoir.  The fraction of pore volume occupied by irreducible water is specific to a given reservoir or even to a given part of the reservoir.  That is, if the reservoir unit changes facies across an oil field, the height of the transition zone will change as will the irreducible water saturation.  Water free oil production from the reservoir will occur above the elevation of point C, but this point may not be at a constant elevation throughout the field. 
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16.  This figure modified from Schowalter and Hess (1982) illustrates that if the reservoir quality of a unit decreases sufficiently at the top of the oil column, a transition zone or Waste Zone may occur at the top of the reservoir. 


Residual Qil / Initial Saturation

Results are a function of Porosity and Permeability
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17.  Residual oil and initial oil saturation are a function of reservoir quality, i.e. porosity and permeability.   Because reservoir quality may vary throughout the reservoir unit, a given residual oil saturation, as in the core example given earlier, yield a non-unique result when compared to initial oil saturation. 
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18.  When we looked at the example core, we have to ask, “what does the core represent?” 
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19.  Our DST results indicate that have discovered only the residual oil residue of a dead (naturally depleted) oilfield.  Here are the tracks of our tiger, but he is gone. 
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Hydrocarbon Shows

(Oil Tracks)

Show
Continuous Phase

Type
_ Productive (7}
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Depleted Trap
Detrital Qil

Migratory Oil
Disolved Qil

Dead Oil
Mon-Productive 2 -
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H-C in System

Source Rock

Modified From Schowalter & Hess 1982
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20.  This table modified from Schowalter and Hess (1982) is a classification of oil shows.  We have discussed continuous phase oil (Type I) and Depleted trap oil (Type IIa). (Note: Since this talk was given, additional modification of this chart is now necessary because of production from source rock intervals.)


Migration Shows
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20.  This table modified from Schowalter and Hess (1982) is a classification of oil shows.  We have discussed continuous phase oil (Type I) and Depleted trap oil (Type IIa). (Note: Since this talk was given, additional modification of this chart is now necessary because of production from source rock intervals.)
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Oil Quality v/s Depth
Vertical Migration

Arabian Plate Oil Gravity
as a Function of Migration Speed
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Low Gravity Oil generally has a Low Gas to Oil Ratio (GOR)
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22.  The graph on the right side of this slide is from Dunnington (1967) and illustrates the number of pools yielding or containing oil of the indicated API gravity in present day reservoirs of different ages from the Arabian Peninsula.  The data suggest that the decrease in API gravity toward the surface is the result of degradation of oil by water washing, microbial biodegradation, or loss of volatile fraction by partitioning effect of the intervening stratigraphy.  The latter degradation mechanism is indicated by the decreasing gas oil ratios (GOR) with the decreasing API gravity. 


Kirkuk
Anticline
Baba

Cretaceous Reservoir
contains large volume with
residual oil (bitumen)

From Gaddo, 1967
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23.  The map and cross section are from Gaddo and Hussain (1967).  This study shows that the Kirkuk oilfield had been partially depleted by natural causes at the time of its discovery.  A large volume of the original oil-in-place was lost by leakage leaving behind a long residual oil column.   Other large oil fields show similar loss of initial charge, such as Prudhoe Bay Oilfield, Alaska (Jones and Speers, 1976). 


Berat Dagh & Pir-i-Mugrum
(breached) Anticlines

The rivers carry away
bits of asphalt, limestone,
and clay

“The reef and fore-reef
limestones are saturated
with bitumen ...”
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24.  The breached anticlines Berat Dagh and Pir-i-Mugrum in northern Iraq (Kurdistan) are examples of dead oil fields.  These structures retain high oil saturations that are now immobile because oil is degraded to the high viscosity remnant.  Oil clasts of cobble and pebble size found in the alluvium downstream from these structures and similar bitumen clasts in the Maastrichtian conglomerates found in the inverted grabens of northern Iraq and Syria as described in  Dunnington (1958) are examples of detrital oil.
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25.  A discussion of oil shows or “tiger” tracks should include oil seeps as found here in Assam at Digboi Field.  Before Seismic and before geology, oil seeps were the oil explorationist’s main tool. 
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26.  The Assam Basin has an active tectonic history, but also contains one of the world’s largest oil fields (Kent and Dasgupta, 2004).   Therefore, the region displays all of the various oil show types discussed above. 
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Oil Field Characteristics
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27. We have seen that migration, especially long distance migration, can result in substantial degradation of oil.  Fresh water influx is also not a “friend” of oil. These salinity maps for the Tipam and Barail Formations from Seshavataram et al. (1980) show the oil fields of each formation reside in areas of high salinity while degraded residual oil shows are found in the areas of fresh water. 


Dynamic Hydrocarbon System

Constructive Phase Destructive Phase

Increasing H-C column
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Kent, W. N., 2006
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28.  Examination of hydrocarbon occurrences suggests that a hydrocarbon system is a process with a finite duration and that the included oil fields have a finite “life span” which includes constructive and destructive phases.  All of this “life span” occurs after the “critical point” when all of the components are assembled, although substantial amounts of hydrocarbon maturation and migration may occur either continuously or episodically long after the “critical point”.  

Each phase of the “life span” has its associated characteristic diagenesis.  With generally positive effects like porosity development by dissolution of carbonates or rock fragments in clastic reservoirs as described in the volume by McDonald and Surdam (1984) occurring in the constructive phase.  While deleterious diagenesis including deposition of anhydrite, saddle dolomite, chert and lead / zinc sulfides occur in the destructive phase. 


Dynamic Hydrocarbon System
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temperature and hydrodynamic regimes being
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29.	Macgregor (1996) studied 350 giant oilfields and determined that they represented dynamic short-lived phenomena.  The average age of the giant oilfields was 35 Ma with a third of the fields with evidence of post-entrapment destructive processes.  He determined that the main control on oilfield duration was tectonism and seal type, with temperature and hydrodynamic regimes being secondary factors.   Oilfields in tectonic stable areas with evaporite super-seals lasted the longest, e.g. cratonic Neoproterozoic / Cambrian fields of Rajasthan and Siberia. 
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GEOLOGY OF PETROLEUM: A SMPLIFIED ACCOUNT*

Petroleum and its Generation Process:

Petroleum or Rock-oil is anaturally occurring admixture
of various hydrocarbons. These are compounds made
primarily of carbon and hydrogen, and range from straight-
chain paraffins to ring type cyclo-paraffins (i.e. napthenes)
and aromatics. defines are usually not present in the
naturally occurring substance. The components present can
occur either in simple admixtures or in complex
combinations. In molecular size, theindividua hydrocarbon
congtituents can range from the simple methane (CH,) to
highly complex and heavy semi-solids like asphalt and
bitumen.

Individually, the lightest hydrocarbons are gases at the
surface temperature and pressure, but, in their admixed
state, the individual molecules get shared between the
liquid and the vapour phase (i.e. gas) according to the
equilibrium constant appropriate to the pressure-
temperature regime of their occurrence. If the regime
undergoes any change, the system tries to stabilise to the
new conditions.

Although inorganic reactions, like that of metallic
carbides with water, can produce some hydrocarbons, and
the earth itsalf is supposed by some to have had a hydrogen-
methane - ammonia atmosphere long before it had its firgt
lifeforms. The general beief isthat most of the commercialy
produced petroleum was generated by the decay of organic
matter from both plant and animal life formsin sedimentary
basins under an oxygen deficient environment. The organic
matter can be both marine and non-marine. Oxygen
deficiency can be produced by basin configuration (e.g.
stagnant bottom-water in silled basins), rapid subsidence of
the basin floor, flushing out of the pores in the newly laid
sediments by the upward moving water (which has been
rendered oxygen deficient) from the compacting sediments
below, and by a variety of other factors.

The organic materials which produce petroleum can
come from many sources, but these tend to accumulate
primarily with fine grained sediments. Any material which
comes with coarse-grained sediments tend to get winnowed
out and destroyed. Some limestone formations can have
their own source for the generation of petroleum.

The organic matter thus accumulated, initially forms a
dark coloured substance called kerogen. It is highly
variable in composition and consists of stacked sheets of
aromatic rings in which atoms of nitrogen, sulphur and
oxygen also occur. Basad on their source materials, 3-types
of kerogen are currently recognised (Fig.l). Kerogens are
the precursors to petroleum, and their presence in
appreciable quantities in fine grained elastics (and
limestones) helpsto recognise potential petroleum mother -
or source rocks. Although, highly variable, each type has a
somewhat different originating matter and results in a
somewhat different category of the produced petroleum.
The Type | kerogen, for example, forms mainly from

Principle Products
of
Kerogen Evolution

INCREASING C_OZ' Hz0
EVOLUTION X£ Qil

I B Gas

150

INCREASING
EVOLUTION

INCREASING
EVOLUTION

0.50

0.10 0.20

ATOMIC O/C

Fig.l. Evalutionary pathways of kerogens (adagpted from paper
by Tissot et d. in SAAPG, 1974).

lacustrine planktonic debris, intensively reworked by
bacteria. Type Il forms from marine planktonic debris,
sedimented under anoxic conditions. Type Il forms from
land plant debris sedimented in near-shore marine,
lacustrine, deltaic, paralic and flysch-type environments.
At the same maturation stage, the capacity to generate more

* Thiswrite-up is based on the lecture notes prepared by A.B. Das Gupta for a Refresher Course for University and College teachers,

organized by the Calcutta Universit in March, 2002.
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hydrocarbons per unit weight of kerogen, decreases from
Typel toll to lll.

In the petroleum generation process, not dl the organic
matter is broken down or reconstituted. Some of the
compounds pass through without any major change. These
help to trace back the basic type of source material. There
are also other aspects of the composition which can be used
to fingerprint the oil and thus help to distinguish one crude
from the other, even in mixed environments. For example,
terrestrial material like land plants and insects generate
paraffin waxes with a predominance of such odd
numbered hydrocarbons as Cy, Cyg, C31. Marine plants also
produce odd numbered hydrocarbons, but in a lower
molecular weight range of Cys, Cy7, Cjo. High wax crudes
with paraffins in the Cy;, Cy, Cg range would thus be
expected to have a terrestrial source. Then there are the
carbon isotopes. Lipids from marine planktons tend to
have a higher proportion of *C than those from the
terrestrial organic matter.

All these help in tracking down the source rock of the
petroleum that has been discovered. Conversely, once a
petroleum mother-rock has been found, it also helps assess
what type of accumulation can be expected.

In addition, to its conversion to kerogen, the organic
matter trapped in sediments initially generates some
biogenic methane. With increasing burial, as it reaches an
adequate temperature-pressure regime, the kerogen
starts to form oil. With further burial and further increase
in temperature (and pressure), the hydrocarbons start
breaking down into smaller molecules, and the organic
matter begins to generate increasing volumes of pyrogenetic
gas (primarily methane). The change over from one regime
to another is gradual but the major temperature zone
within which the main oil formation takes place is around
60° to 165°C. This is popularly known as the oil window
(Fig.2). Similarly, the geotectonic parts of the basin where
any organic accumulations are likely to be so '‘cooked' into
oil and gas is referred to as the kitchen. The pyrolitic gas
(methane) generation increases to a maximum rate at
around 200°C. With further buria (and consequent rise in
temperature), the gas generation slows down abruptly
at around 300°C. The residue ultimately left behind can
be graphite.The precise depths of burial a which these
will happen depends on the geothermal gradient which
can vary from basin to basin and from one part of the
basin to another.

Expulsion, Migration and Accumulation

Petroleum, thus formed, has to be expelled from the
mother-rock, transported and trapped at the dead-end
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Fig.2. Oil window: compared quartities of water and hydrocarbons
in source rocks as afundtion of burid (after Tissol, 1987).

of its migrating path to give an accumulation. This calls
for availability of expulsion mechanism, migrateable
paths and reservoirs in which it can accumulate.Petro-
physical properties of the stratigraphical elements involved,
differential pressure and gravity play an important role
in thisprocess.

Ultimately, in any sedimentary belt, there can be myriads
of possible traps and reservoirs, but only asmall proportion
of these contain commercially exploitable petroleum
resources. Very large accumulations of the giant or super-
giant class would be fewer still.

It is the task of petroleum exploration groups to sft the
"grains from the chaff from whatever observations they
can make and locate those that contain these buried
exploitable resources. This is naturally a very complex
task, and the exploration for petroleum today involves
many facets that go far beyond the limits of conventional
geology.

At the time of their deposition, fine grained sediments
like clays can have upto 90% or more of water. With
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increasing depth of burial,and its attendant compaction,
these sediments begin to lose the absorbed and the
adsorbed water. This is the initial stage. Eventually the
clays begin to turn into hydro-micas and release large
volumes of chemically bound (and now resurgent)
water. Compaction of the entire sedimentary column below
(and conversion of its clays into hydro-micas ) releases
additional water- apart of which can also flow through the
hydrocarbon mother-rock. The water thus squeezed out
carrieswith it initially the lipids or oily matter of the original
organic load, together with biogenetically produced
methane and carbon-dioxide. Later, further increase in the
depth of burial, leads to the increasing formation of
petroleum liquids and gases. By this time, much of the
absorbed water has also been squeezed out. Some
chemically bound water starts getting released, but its
magnitude is variable, as it depends upon the composition
of the clays present. The total amount of water still
coming out aided by whatever squeezed out additional
water is filtering up from the sedimentary succession
below, can carry away a part of the generated oil and
gas, either in solution or, in micellar and colloidal
suspension. Some other mechanism is required to expel
theremaining oil and gas. It is believed that the conversion
of soild kerogen into liquids (oil) and gases leads to an
internal overpressuring and micro-fracturing of the
reservoir from time to time. This helps direct release of
the major part of the generated oil and gas into the
more permeable migration pathways, without necessarily
having to go through the solution/micro-emulsion route
in water.

After expulsion from the mother-rock, the water carrying
the solution/suspended load, as well as the free blobs
of oil and gas coming out through the fractures, move
along higher porosity and permeability layers of the
sediments (and sometimes open fractures and faults) into
lower temperature - pressure environments. There the water
tends to release its hydrocarbon load which, in its turn,
tends to join the free oil/gas stream. At this stage the
physico-chemical laws which control the flow of mixed
fluids through porous mediatake over.

Sediments laid under water are primarily water-wet, and
water can pass through at rates that the permeability will
permit. Oil and gas would however be stopped where the
pore sizes in their path are too small to allow their entry
under the available pressure differential. An accumulation
will then form, in which the gas,oil and water will eventually
be gravitationally segregated. The pressure differentid is
related to the buoyancy of the accumulating oil/gas
column. Thisis usualy not of a very high magnitude. If
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the pressure differential is later increased (either through
natural causes or through human intervention) the gas and
oil may leak away.

When aclay rock is squeezed, the expressed fluids can
move in any direction (up, down, or sideways). Otherwise
the primary driving mechanism is gravity. In a dratified
system, most of the fluid flow will be updip, and its rate
will be proportional to the sine of the angle of dip.
Otherwise, it will take the shortest available path, which
can be vertica.

If the strata, through which oil and gas is moving,
develops an anticlinal form, and the layer concerned has a
less permeable cover, we would have the classical anticlinal
trap. Many other types of traps are possible, and one can
even have atransient accumulation, through the queueing
effect, if the lope of the beds decreases appreciably in the
up-dip direction, Digboi has similar accumulations in some
of its sands a every arrestment of pitch.

How far the oil can travel in this fashion, before it is
trapped into an accumulation, has been debated from time
to time. There are oil-fields which seem to have formed not
far from their oil source. Equally, there are others which
have been involved in fairly long distance migration.
Apart from the criterion of their distance from the nearest
available kitchen, there are some subtle indicators which
are claimed to be able to give an order of magnitude
indication of the distance the il has travelled.

Non-akylated benzocarbazoles, which are present in
trace quantities in ocils (and are not affected by the oil-
window level of maturation process), have been suggested
as one such indicator. Amongst these, the rod-shaped
benzo(a) carbazole molecules seem to get adsorbed on the
clay minerals and solid organic matter in their migration
path to a greater extent than the sub-spherical benzo(c)
carbazoles, with increasing distance of migration. The
benzocarbazole ratio (alat+c) may therefore provide a
quasi-quantitative idea of the migration distance. However,
at low concentrations, the requirements of analytical
precision would be high, and one would need either
samples from multiple points or well established parallels
to come to any reliable conclusions.

On the whole, the feeling seems to be that both long
and short distance migrations are possible. Out of the
many oil-fields where various indicators seem to have
established a reasonably reliable link with their sources,
those containing long distance migrated oil seems to
account for over 50% (AAPG Mem. 60, pp. 82-86).
Migration distances in excess of 160 Km and possibly
upto 500 km are reported to have been observed.The
most natural migration path is up-dip from the kitchen. An
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extensive regional cover rock over the migration pathway
prevents the oil from getting dissipated Lack of aregional
cover permits many points of verticad movement into the
nearby reservoirs Petroleum thus needs not only aloca
cover rock, permeability barrier, or change in the path
gradient, to help it to accumulate, but it also needs aregional
cover to sweep large areas in its pathway

Geotectonic Framework of Petroliferous Basins

Most sedimentary basins have a Shelf Zone, where the
sediments arerelatively thin This would be followed by a
Hinge Zone, a Slope, and aBasin Deep In compressional
basins, the latter would be followed by afaulted and folded
MobileRim (Figs3 1, 32 and 3 3)

In the Basin Deeps, where the floor subsides pari pasu
with sedimentation, the sediments have their thickest
development The Slopeisthe zonein which the most rapid
change in sediment thickness (including many wedge-
outs) takesplace Regiondly, itisalso the zone of the most
pronounced upward gradient This flattens rapidly across
the hinge zone, into the Shelf There are also wide
differences in the lithological facies developed in each of
these zones

The Shelves tend to develop cleaner (and more
permeable) sands, back lagoon organic rich sediments and
limestone reefs The bottoms of the slopes can have
turbidites suitable for hosting petroleum The basinal
sediments are usually dirty, but these can be rich in
organic matter - particularly closer to the shelf and the
mobile rim Parts of these are also likely to reach the
temperature-pressure regime required for the petroleum
kitchens Shelves are seldom absolutely flat These too
tend to have their own relatively thick sediment filled
depressions, which can also take organic rich sediments
down to the cil-window level and generate il and gas for
some of the shelf reservoirs

Interestingly, when Knebel and Rodngues-Eraso were
looking into the habitat of oil in 1956, they found that
71% of the oil discovered till then was from the shelf
environment, 23% was from the Hinge Zone, 2% from the
basin centres and 4% from the mobile rim These possibly
relate primarily to basins developed in the zone of
compressional tectonics In intra-cratonic basins developed
by sagging down of the basement, structures near the basin
centre can also have important accumulations Parts of the
basin regimes conducive to the generation of petroleum are
also those that can develop salt deposits and evapontes
Under gravitional pressure, the salt can move up like aplug
and carry alot of oil and gas for filling up the reservoirsin
the vicinity

Early History of Petroleum Development

All thefactors concerning the generation, migration and
accumulation of petroleum were naturaly not known at the
outset Petroleum residues left behind a the surface by
ancient seepages have of course been known and used locally
for avariety of purposesin anumber of countries tor many
centuries but without the people trying to find out much
about it From around 200 BC, the Chinese have been
producing natural gasin some of their inland provinces like
Szechuan for local consumption Their object however was
primarily salt They found it much cheaper to produce salt
from salt-water springs in their area rather than bring it al
the way from the coast Eventually, they developed methods
to drill wells for salt-water In the process, they found that
they were dso producing a combustible gas (methane) Their
entire operations from drilling to transportation of gas were
conducted with bamboo pipes

In Myanmar, some surface oil seepages in Yenaung-
yaung were tracked down to shallow oil sands They
developed their own technology for digging deep wells
by hand They lifted the oil in buckets and used it as a
bullock cart whed grease and for lighting lamps These
were however al small-scale local activities and made no
major global impact This came with the Industrial
Revolution in the West and the successful drilling of a well
close to an ail seepage in USA by Col Drake in 1859
Initialy, the Industrial Revolution was fuelled by wood
and coa but petroleum took over in time, particularly in the
transportation and mobile power sectors The devel opment
of internal combustion engines which could operate on a
very low weight to generated power ratio revolutionised
these sectors and made activities like flying possible The
result was a tremendous burst of activity to discover and
develop petroleum resources

The Early Modern Era and the Subsegquent Evolution of
Concepts

In the early stages, the main exploration tool foi
finding commercially producible petroleum was to drill oi
dig wells close to seepages or residues of petroleum
Away from the clogged near-surface zone, the ail tended to
be more fluid and could give much larger rates of flow
Qil finding was an adventure and a gamble, and many
followed their hunch with diverse tools like the Doodle-
bug and the Divining Rod Some found commercial
fields, many did not Out of these, grew the first concepts
that oil accumulations formed at the top of anticlinal
(and other) structures m porous reservoir rocks, seaed
above by impervious shales or other cover rocks
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Although the beginnings of this theory were propounded
in 1861, by Andrews and enlarged in 1863 by Sterry Hunt,
it dtd not get any industry-wise acceptance for many years
It had eventually to be revived by IC Whitein 1896 and to
lead to the discovery of Manmngton field before it found
acceptance The Digboi Qilfield in NE India was discovered
a around this time by drilling close to an oil seepage The
party concerned, though eminently successful in other lines
of endeavour, did not have any clue to the controlling
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mechanism of the field and could sustain asmall production
of less than 200 barrels a day, by drilling at random dll
around It took another 30 years for the Burmah Oil
Company (BOC) to come onto the scene, discover its
anticlinal control and eventually to raise its production to
the level of around 5000 bis/day In the process they found
that not only the anticlinal summit but every arrestment of
pitch in the crestal area could also hold accumulations
Many could be transient in terms of geological time A clay
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barrier was not essential to stop the upward movement
of ail or gas and even a minor compressional fault in the
same sand body could be adequate to hold back the ail
or gas and form an accumulation Conversely, the same
fault could permit leakage if the pressure difference across
was increased They also found that the fold had a
pronounced asymmetry in its summit area, and that the
culmination of the deeper sand layers there did not he
directly below those of the layers above The asymmetry
caused a southerly down flank staggering of the deeper
culminations, and they had to devise section construction
methods which would be able to reasonably predict
their positions This helped them to bring in major
production from the sands below

Whilst theselessons were being learnt in Digboi, many
other important devel opments were taking place elsewhere
in the world During the 1930s, Krumbein, Pettijohn, Sloss
and others observed that the sedimentary htho facies
were not random in their distribution, they had a distinct
relation with the geotectonic regime of the basin in which
they were deposited Subsequent investigations on the
habitat of oil carried out by Knebd and others showed a
paralel association of organic-rich sediments, reservoir
rocks, and petroleum accumulations with the geotectonic
set up of the sedimentary basins The position of the
petroleum kitchens, the development of petroleum migration
pathways and of the strati graphic cum tectonic associations
that trap the oil and gas and form oil/gas fields are al
ultimately controlled by the geotectonic fiamework of the
basin In fact, even the basin formation itself is areflection
of the overall geotectonic situation

On the micro-scale, of course, there are many local
factors which contribute to the development and attributes
of dl petroleum accumulations The same physicochemical
laws which prevent the ail from entering the less permeable
strata may also make it bypass the less permeable zones of
a heterogeneous but otherwise oil-filled reservoir The oil-
water margin normally tends to be horizontal, but if thereis
any hydro-dynamic movement of the water below, it can
develop atilt in the direction of the flow (Figs 4 and 5) The
development of the reservoir, its geometric form, and
porosity-permeability pattern, can al be controlled by the
immediate mechanism of its sediment transport and
deposition. A channel sand can have a long meandering
body, cleaner and more permeable below, but more dirty
and less permeable towards the top A bar sand can aso be
linear but, porosity-permeability-wise, just the reverse
These are only some stray examples The petroleum
accumulation and its geological setting can have a wide
diversity based on the loca factors
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Fig.4. Wae overlying ail in the same sand body across a mnoi
reverse fault (after Das Gupta, 1969)
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Fig.5. Off centre accumulation of petroleum as a result of
formation - water movement [ after Hubert and ONGC Bull
Vv 6, N0 2, Dec 1969)
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Exploration Modality, Tools and Philosophy

The problem is how to recognise these in a new area
This involves total geology using all possible scientific
knowledge and tools that human ingenuity has been able to
develop Some of these have grown into highly specialised
branches of science and engineering themselves These start
with the earth's gravitational, magnetic, electrical, acoustic
or seismic and fluid flow properties Exploration teams
have to collect the raw data through high precision
instruments and process these through elaborate computer
systems to generate an overal picture To this has to be
added whatever can be gleaned from surface geology,
photogeology, remote sensing imageries, palaeontology,
palynology, petrology, sub-surface sample studies and
reservoir engineering It is a long list but many
specialisations are involved and ultimately it takes the form
of avery high powered team work

At the end, the various alternative possible pictures
produced by this elaborate process have to be analysed,
synthesised and decision taken on how to proceed with the
next exploratory step This aspect is reasonably covered in
a tak | had prepared a few years back on "Exploration
Strategy for Petroleum” which was later published in the
July 1994 issue of the Journal of the Geological Society of
India Extracted below are some of the important points on
petroleum generation and accumulation brought out in
that note

a) A marine environment is not essential for the
formation of petroleum This can take place in widely
ranging conditions, from fresh water to marine, and
from afairly wide range of organic materials Most of
the paraffinic crude ail, for example, are believed to
be derived from terrigenous material

b) The organicaly rich finer elastics and biologically
produced carbonates are regarded as the more
common petroleum source rocks Purely inorganic
sources are not ruled out

¢) To beconverted to petroleum hydrocarbon liquids, the
organic material entrapped in the above has to be
subjected to a range of time cum temperature
conditions, often referred to now-a days as the 'oil-
window' Maturation and palaeo-temperature studies
of organic-rich sediments can sometimes provide a
clue to whether, where and when petroleum forming
kitchens are likely to have been devel oped

d) In any large basin area, the local depressions which
have restricted conditions at the bottom (where little
replenishment of oxygen takes place) can be better

JOUR GEOL SOC INDIA VOL 61 MARCH 2003

locations for the generation of hydrocarbons This
is not however an essential pre-requisite and with
rapid burial, petroleum can also form in basins with
otherwise highly oxidising conditions

e) For petroleum accumulations to occur, some of the
reservoir rocks available should have had access to
areas favourable for petroleum formation at the
appropriate geological times concerned, and adequate
porosity /permeability must be retained through the
subsequent phases of diagenesis and compaction

f) There is a tendency for petroleum accumulations to
get concentrated in certain specific types of geotectonic
regions (platform areas, hinge belts, central regions of
basins within cratons where gravity is the controlling
tectonic force, etc )

g) Within a petroliferous basin, the accumulations have
often a tendency to occur in progressively younger
horizons towards the basin centre Gulf of Mexico
and NE-Assam are examples

h) Hydro-dynamics and differential entrapment may be
important in the precise location of accumulations

i) Petroleum does not aways need an anticlinein which
to accumulate, even minor changes in the slopes of
beds and/or permeability can lead to the formation of
accumulation

j) Petroleum accumulations formed through the
controlling mechanism of a given set of geological
conditions, in any basin often tend to occur in clusters
with the individuals ranging in size from large to
small With sound geological approach to exploration,
the 1 digest accumulation would often be the first or
the second to be discovered The subsequent ones
would tend to be progressively smaller

K) In any single basin, there may be more than one such
cluster, each needing to be discovered separately and
each controlled by a different set of conditions In
their geographic distribution, the individual clusters
may be totally separate or may partially overlap each
other

1) Certain classes of heavy crudeoccur close to land
surfaces both past and present Termed by some as
‘unconformity oil’, their presence can often indicate
the existence of better oil away from the unconformity
surface or the outcrop concerned

m) Age-wise, petroleum accumulations have been
found in sediments ranging from Cambrian to the
Pleistocene At times, petroleum formed in a basin
has also found reservoir conditions and have
accumulated in the metamorphic basements and in
igneous dills So far, only minor attention has been
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paidtotheProterozoic.but now that evidence of life
is well established from formations of this age,
these may also need more attention in any search for
oil.

Maturation of coa beyond the stage where it has
83% carbon, leads to the release of methane which
can then either remain there trapped within the coal
seam itself, or move to a nearby reservoir rock.
Conceptually, it is also possible to have accumulations
of inorganically derived methane.

Some accumulations can be very unorthodox. In Lake
Kivu (Africa), for example, the bottom water has
dissolved in it enough methaneto provide a theoretical
reserve of the order of 57 trillion cubic metres. Together
with this, thereis also around 190 trillion cubic metres
of CO, and 4 trillion cubic metres of nitrogen.

An important matter to remember in any search for
oil is that, not al the oil discovered so far has been
through well planned exploration. A substantial
guantity has been found accidentally by people
following at that time no acceptable guidelines
whatsoever. In fact, in many instances, the devel opment
of concepts on where to look for oil has followed
rather than preceded the discoveries concerned. One
therefore needs to make an allowance for one's
'ignorance factor' in formulating any scheme for
exploration.

As dready implied, the above does not constitute
an exhaustive list. Many other associations have been
noted, but these cannot aways be extrapolated and
used as exploration guidesin other areas. For example,
it has been stated that the shear patterns produced by
deep-seated wrench faults have influenced the linear
distribution of petroleum trapsin many areas extending
from Alaska, through California to Columbia-
Venezuela. A similar association has aso been noted
from the Gulf of Guineabut it is not clear whether this
is a specia feature pertaining to some loca areas only
or it has a much more general application. Likewise,
most of the oil-rich belt in Indonesia and its adjoining
region, occurs on the inner side of their idand arc
belt systems, behind the frontal mountain belt of the
Indonesian Plate. Whether a similar association can
be expected in dl placeswheretwo plates have collided
is not clear. Then again, there is the growth fault
controlled roll-over anticline regime which has been
found to contain a lot of oil in certain delta
environments like the off-shore Nigeria, but we do not
seem to be clear about the key combinations that has
produced this. May be, a combined geologica cum

statistical analysis will produce the clues that are
required to make these relations more widely useable.

In any case, even the guidelines formulated on the
above concepts can only lead to the delimitation of the
types of environment where oil has been found so far.
In addition, there must be other categories of areas,
also favourable, in which no discoveries have been
made, and which may continue to remain excluded if
guidelines are only sought from the past.

To these, one could add Coa Bed Methane (CBM),
Gas (Methane) Hydrates, and Deep Sea Prospects. Coa
Bed Methane Prospects depend upon the amount of both
biogenic and thermogenic gas absorbed and adsorbed in
coal, and on the extent these can be desorbed and produced
economically. The quantity theoretically present can be
high, but the amount that can be economically extracted
may be more modest. The cod constituents with relatively
high hydrogen, which form alginites and exinites, generate
more gas. Coa seams with a larger internal surface area,
through micropores, cleats, joints and fractures, have
greater methane adsorption/desorption capability, and are
thereby more likely to be commercial.

The natural gas hydrates are crystalline ice-like solids
in which the gas molecules (primarily methane) are encased
in the interstices of hydrogen bonded water lattice. These
are stable only within a narrow range of low temperature
and high pressure. Kuldegp Chandra's paper in the Indian
Journal of Geology (Dec. 1997) records much useful
information on both CBM and Gas Hydrates. The estimated
global resources of methane in gas hydrates has been
recorded there as 20,000 TCM, which is 70 times that of
conventional natural gas. InIndia, the pressure-temperature
constraints keep its potential existence restricted to the deep
offshore, where (under favourable conditions of methane
supply) it could occur as clogging the pore spaces within a
narrow sub-bottom range between 1000 to 3000 metres iso-
bath. Inthisstate, it could act as aseal, below which normal
gas accumulations may also occur. Very large volumes of
hydrates may be present, but the problem lies in developing
a technology for controlled production which will not
upset the delicate hydrate stability condition.

Ancient basins (faulted, folded or otherwise) forming
parts of the present day continents or islands have long
been targets of exploration for petroleum. In time,
exploration and production activities have extended to the
offshore continental shelves and semi-enclosed seas like
the Lake Maracaibo, Gulf of Mexico and the North Sea
Over the years, these have extended to the deep seas,
adjoining the Continental shelves, wherever these are
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giving any indications of having thick sediments. The
Atlantic Ocean (offshore Brazil) and a number of other
places have aready proved productive. New to join the hunt
are Bay of Bengal and the Arabian Sea. The Bay of
Bengal has an enormous sub-marine fan, which is around
5000 m thick at the head of the bay, and around 3000 m
thick at the equator. This is not of auniform thickness. The
whole basin has a number of highs and lows, bresking it
into a number of components with wide variations in the
thickness of sediments,. The younger sediments have
been laid by a sub-marine distributary system spreading
out from the Swatch of No Ground near the outfall of the
Ganga-Brahmaputra drainage system. The maor channel
carrying this submarine flow is about 180 metres deep and
has awidth of upto 27 km between the levee crests.

The deep sea accumulations are expected to have largely
the same type of geological control as in the on-shore and
continental shelf but the reservoir development may have
to depend more on the primary and the redistributed
turbidites as well as on the mode of development of the
submarine fan, and on how the basin floor has responded
in terms of horst, graben and sub-basin formation.

Direct Indications of Qil

The above gives a brief outline of how petroleum and
its related hydrocarbons form, migrate and where its
accumulations are most likely to occur. To help in this
search, there are also occassionally some direct indicators.
Firstly, there are the micro-seepages of gas which come up
verticaly from the accumulations below. Normally, the
process of molecular diffuson of methane is very slow
(about 6.674 years x sgquare of the depth in feet) and there
would be little chance of any Tertary oilfields from showing
up this way from depths greater than 3000 feet. Water
sgeezed out from compacting sediments however can come
up much faster and bring up some methane as wdll in
solution. These ought to show up as surface anomalies, but
in many areas the dissolved vertically migrating gases can
get swept away by the hydro-dynamically moving water in
the intervening layers. Buried oilfields can sometimes
show up as radioactive and other haloes, but these too
may be swept away by the lateral movement of water in
theintervening layers.

In an area of low gravity changes, large gas fields may
show up as mild features on gravity surveys, but usually
these would be masked by stronger changes in the gravity
field due to other causes. The presence of low to moderate
pressure gas can reduce the seismic veloicity in sediments.
This can produce a strong reflection (known as a Flat
Spot) at the gas/water contact of athick gas zone at depths
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less than 6000 ft. At greater depths the gas is more
compressed, the velocity contrast is much reduced, and the
contact may not show up. There are a variety of seismic
techniques which, under favourable circumstances, can
give some idea of the fluid contents of a strong sesimic
reflector. Modern time-series, 3-D seismic surveys (i.e.
4-D survey) can bring out changes in the relative fluid
contentswith time. In marine seismic surveys, in thetropical
belt, the presence of gas hydrates may show up through
an ocean bottom simulating reflector or BSR. Information
from all these naturally have to be ploughed back into the
overdl synthesis for the evaluation of prospects.

The Ultimate Tasks in Qil Finding

In the search for petroleum, one thus needs to reconstruct
the basin geometry, its geotectonic framework, its
depositional environment, thelikely sourcerocks, the likely
kitchens, the likely migration pathways, and where the
migrating mass may have accumulated. All these, after
taking into account their known favoured associations
and any direct indications of gas or oil. The work involves
many specialised branches, in the intricacies of which the
geologist as such may not know dl the details. He would of
course be expected to understand the outputs, what they
mean, what are the limits of their probability, and what
aternatives are possible. Likewise, the other specidists have
to imbibe enough geology to understand the basis of
what they are trying to measure and display.

Without these, the exploration teams would be unable
to arrive a an overall synthesis and recommend the kind of
agreed programme on which management can take major
investment decisions. Interestingly, as specialisation has
grown and massive investments have been made on
equipment and interpretational infrastructure, the petroleum
majors seem to have been finding it increasingly difficult to
make many dicoveries on their own. They seem instead to
be finding it cheaper and less risky to buy into properties
aready discovered by others. In fact, globally there have
not been many discoveries of large new oil/gas fields since
the 1960s, and most of the rise in proved and probable
reserves has been coming from extensions to and reappraisal
of old oil/gas fidds.

PETROLEUM RESOURCES

Conventional Crude Oils

These are the common types of crude oils which are
processed in the refineries to give us the products we
commonly use. In order that they can maintain their current
economy, as also have a long range perspective, the
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industry operates on the basis of two types of assessments
The current economy (including the ability to raise
Bank finance) is ensured by operating on the basis of
conservatively estimated proved and probable reserves
The long range perspective is taken care of by
prognosticating what ultimately discoverable resources one
may be dealing with Of this, what is believed to have been
discovered (and produced) is only apart

On the basis of the limited directions from which one
could hope to make discoveries, the globally prognosticated
resources of petroleum were expected to be around 500
billion US his during the mid-1940s From 1947 to 1958,
studies on the Habitat of Qil produced many new ideas and
the estimate of prognosticated resources rose sharply to
about 2000 billion US bis Theresfter, the more realistic
estimates have remained at around 2000+500 billion
US bis, equivalent to around 265+65 hillion tonnes By
1 1 1996, the Industry had aready discovered about 1789
billion US bis or about 245 hillion tonnes, and out of the
above had been able to produce about 772 billion US bis or
roughly about 105 hillion tonnes

As on 14 January, 1993, the equivalent figures for
Natural Gas were
Prognosticated Resources
Already Produced
Additional Identified Reserves
Awaiting Discovery (on
Modal Probability Rating)

11567 5 x|O*? €t
1750 2 xIO'? et
5136 OxIO*? it

4681 3 x 102 6t

The corresponding situation in India was

a) Prognosticated Resources of
Qil & Qil equivalent Gas at
95% probability (as estimated
on1l11992)

b) Established Reserves of Ol
& Oil equivalent Gas as at
111994

¢) Cumulative production of Qil
& Qil equivalent Gasto
31 12 1993

13 56 hillion tonnes

1 401 billion tonnes

0 664 hillion tonnes

Globally, the known resources of conventional crude
oil and natural gas are not evenly distributed About
65% of the proved reserves of conventiona crude oil (as
a the end of 1995) occurs in the Middle East The two
American continents, which account for 14% comes next
Russian Federation, Europe, Africa, Indonesia Malaysia
and many other countries also have substantial oil
reserves, but these add upto only the balance 21%

In natural gas, the maximum proved reserves are in the

Russian Federation (about 1700 trillion cub metres as at
the end of 1995) This is about 34 5% of the total The two
American continents have another 503 trillion cub metres
or 102 % Therest is shared by the other countries

In age, the occurrences range from the Teitialy down to
the Proterozoic By and large, alimited amount of tectonic
disturbances help in migration and formation of petroleum
accumulations, but excessive disturbances lead to their
seeping away Ancient deposits, subject to multiple
phases of folding and faulting do not consequently have
many large accumulations preserved

Heavy Oil and Tar Sands

Vey large deposits of asphaltic heavy oil and sands,
impregnated with such oil (i e tar sands) exist in many
countries The best known example is perhaps the Athabaska
tar sands These are presently in use (either directly or as a
fud or after hydrogenation or after emulsification with
water) on arelatively smadl scale Very large resources exist
Thetotal may be of the same order asthat of the conventional
crude ail The whole future of these resources depends on
the extent to which these can be mined and converted into
marketable products economically

Oil Shdes

Deposits of asphaltic, pyrobituminous shales, otherwise
known as oil shales are present in many continents On
being heated, in a closed retort, these can produce a
distillate resembling crude oil Depending upon the richness
of the organic matter, the yield can vary from 4 to 50% of
the rock by weight Improved yield and product quality
can be obtained if distillation is carried out in a stream
of hydrogen

The world production of oil from such shales used to
bein the region of 350 million US bis per year in the early
1970s Mogt of this was from China The present position
is not known

It has been estimated that there could be around 2500
billion tons of oil-in-place in known accesible oil-shale
deposits, which are capable of yielding 10 to 40% of their
weight in oil This is much larger than the ultimately
recoverable reserves of conventional crude oil But, how
much of this can be availed of would depend upon the
extent to which the many attendant environmental, mining
and processing problems can be economically overcome

Gas Hydrates

As dready mentioned, there is believed to be around
20,000 TCM of methane locked up globdly in gas hydrates
Their development poses many problems
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CONCLUDING REMARKS

Starting from being an important energy source for
fuelling the Industria revolution, petroleum has developed
into avital necessity for al of us Through refining and
other chemical processes, it is now routinely converted into
specia fuels, lubricants and awide range of petro-chemicals
(from textile fibres and artificial leather to structural
material) which have become essential to our living
Amongst the fuels, the most important are those that can
generate a very high level of power from light weight
engines In conjunction with electricity, these have
revolutionised our transportation cum mobile power
sector, and has made activities like flying in heavier than
air vehicles possible

The entire subject of petroleum - where and how it
forms, and accumulates, how to look for and produce it -
is naturally very complex This paper has aimed at
presenting a brief outline of the entire spectrum without
trying to go into the intricacies of each detail It also deals
with the geology of petroleum only up to the stage of its
occurrence once discovered Thereafter, it has to be
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economically recovered from its reservoir This process
involves taking maximum advantage of the nature of the
reservoir and of the various forces within it, which either
support or provide impediment to the flow of fluids present
Depending upon the circumstances, and the wisdom with
which the situation is met, the recovery attained may range
from aslow as 10% to ashigh as 60-80% Thistakesus to
another complex domain- ie that of reservoir engineering
and management This aspect has not been covered in the
present note  Anyone so desirous will find an introduction
to this topic in the author's paper on "Improved Oil
Recovery" published in the Journal of the Geological
Society of India, v 57, no 5, March, 2001

To maintain its focus on the general aspects, the paper
has avoided getting involved in too many details The
measurement of petroleum fluids is however an areawhere
some details cannot be avoided These have therefore
been provided in the Appendix Selected bibliography of
reading materials to assist those who may wish to go
deeper into the subject has been provided For therest, one
would need to go into text books on geophysical and
geochemical surveys, aswell as on reservoir engineering

150 150
ESTIMATES of 21st CENTURY
140 \WORLD ENERGY SUPPLIES 140
1301~ M Billion Barrels Oil Equivalent 120
120 AD 120
« T
110
““’590
5100 €& 100
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> o 100 BILLION BARRELS ao“‘) WIND POWER %
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Fig.6. Estimates of 21 st century world energy supplies (after JD Edwards, AAPG bulletin, v 81 no 8, August 1997)
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There are considerable misgivings amongst the petro-
leum economists as regards how long the conventional
oil/gas supplies will last Many feel that the foreseeable
supplies will be unable to support the present growth ratein
consumption beyond the 2020s or at best the 2030s The
declinein the availability of natural gas is expected to follow

afew yearslater Provided adequate thrust is given, mankind
should however be able by then to fall back upon the
other non-conventional sources outlined above (Fig 6)

DB6, Salt Lake City,
Kolkata - 700 064
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Appendix

Mensuration
CrudeQil

As crude oil comes up from its underground reservoir to the surface, it rleases some gas and shrinks in volume Us
dengty dso undergoes a correponding change (le increass) The magnitude of the change depends upon differences in
temperature, pressure and the amount of gas rleased dunng its movement from the reservair to the stock tank a the surface
The latter is normdly used as the standard of reference, and the ratio Resarvoir volume/Stock Tank Vduneis refearred to as

the "Formation Vdume Factor or FVF

The noimd units of messurement are either Cubic fedt or cubic metre or barrdls (éther Impena o US)

lcumere = 1x32808430cuft = 3531467 dt
= 6289793 UShis
= 5499223 Imp bis
1lmp bl = 64217567 €t = 1 14376 UShis
= 40 Imp gdlons
|USDI = 56146 dt = 087431 Imp bis
= 42 US gdlons
1 Imp gdlon = 0 160544 €ft = 1200948 US gdlons

1USgdlon = 01336809 dt

= 0832675 Imp gdlons
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With widespread international operations, it is how-a days more common to use the US units

Crude ails can be heavy or light depending upon the relative amounts of lighter and heavier hydrocarbons present This
is reflected in the crude oil's density or specific gravity The lighter the oil, the lower is its density or SG The industry
however, likes to use another term called "API Gravity', which goes up with increase in the lighter hydrocarbon constituents

The relation is "APl = 141 5/ SG (at 60/60° F) - 131 5
Thus, acrude oil with a SG of 0 833 will be referred to as 38 37° API, and that with a SG of 0 88 as 29 3° AP

Since 1 Imp bl of water weighs 400 Ibs, 1 Impblof any crude will weigh 400 x SG/ 2204 6225 = 0 181437 xSG tonnes
Likewise, each US bl will equal 0 15863 x SG tonnes or 6 304/SG will equal the number of US bis per tonne A 38 37°
crude will thus weigh 0 151137 tonnes per Imp bl and 0 1321387 tonnes per US bl under Standard conditions

Gas

Gas is measured in terms of Standard eft and Normal cu metres, but the Standards can differ from user to user In UK and
USA, the standard €ft is referred to 60° F and 30 inches (762 mm) of mercury under wet conditions, but the norma cubic
metre (i e Nm?") is referred in terms of 0° C and 760 mm of mercury under dry conditions As aresult, 1 Nm® of gas equals
37 879 Sd eft, instead of the conventional (35 31467 eft), if both the standards were to be identical There are, however,
operators who do not always observe these distinctions and conversion of their figures from m® to eft can be in error by as
much as 7 26%

Gas densities are normally described in terms of its specific gravity in relation to air, each eft of which (at 60° Fand 1
atmosphere pressure) weighs only 0 7644 lbs The lightest hydrocarbon gas is methane (CH,) It has a SG in relation to air of
0554, 1 e 1 Sd €t of Methane weighs 0 7644x0 554 = 04235 Ibs The next heavier hydrocarbon gas is ethane (C3Ug)
It has a SG of 1 038 and weighs 0 79345 |bg/Std €t Propane (C3Hg) which comes next has a SG of 1 522 and weighs
116342 Ibs/Std eft Natura hydrocarbon gases are primarily methane with varying amounts of the higher hydrocarbons and
would usually have a SG range of around 0 56 to 0 8 depending upon its origin and the collection - distribution system,
| e, unless some CO, and nitrogen are also present

Hydrocarbon gases do not totally follow the ideal Gas Law in their compression or expansion It is necessary to add a
collection factor called "z' or the "Gas Compressibility Factor' to alow for this deviation This converts the gas equation to
PVIT = Z nR where n and R are constants Depending upon the gas density and its pressure-temperature regime, "Z" can
usualy vary from 0 5 to alittle over 1 n

Qil Equivalence of Gas

This is normally done in terms of caorific value 1 Std eft of dry methane has a gross caorific value of 1012 BTU The
net calorific value, after allowing for the heat absorbed by the products (primarily H.,0) is about 912 BTU The field's gas,
normally has some higher hydrocarbons as well, which gives it anet calorific value of around 1000 BTU This would give it
an il equivalence of around 1045 Nm® per tonne There are ofcourse some variations and figures of 1000 to 1100 Nm\Vtonne

have often been used

Gag/Oil Ratio or GOR

This is an important ratio related to many oil well or oil field s production behaviour It comprises partly of the ratio
between the oil and the gas that is coming out from its solution, and partly of the free (and released) gas within the reservoir
that is also flowing directly and contnbuting to the gas production It can be either as Vd/Vd or Std €ft /bl (Imp or US) or
NmVbl

GOR vanes over the life time of oil wells and ail fields To the extent, it can be kept under control, the free gas and the gas
freed/released within the reservoir helps to displace more oil into the well and helps improve recovery of the oil The ability
to forecast the future pattern of GOR variation also helps in better planning and utilisation of the produced gas
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Imperialism, Geology and Petroleum:
History of Oil in Colonial Assam

ARUPJYOTI SAIKIA

In the last quarter of the 19th century, Assam’s oilfields
became part of the larger global petroleum economy
and thus played a key role in the British imperial
economy. After decolonisation, the oilfields not only
turned out to be the subject of intense competitionina
regional economy, they also came to be identified with
the rights of the community, threatening the federal
structure and India’s development paradigm. This paper
is an attempt to locate the history of Assam’s oil in the
large imperial, global and national political economy.

It re-examines the science and polity of petroleum
exploration in colonial Assam.

Arupjyoti Saikia (arupjyotisaikia@gmail.com) is with the Department
of Humanities and Social Sciences, Indian Institute of Technology,
Guwabhati.

48

Assam has not escaped the fate of the newly opened regions of having
its mineral resources spoken of in the most extravagant and unfounded
manner with the exception of coal.

- H B Medlicott, Geological Survey of India

he discovery of petroleum in British North East India (NE)

began with the onset of amateur geological exploration of

the region since the 1820s. Like tea plantations, explora-
tion of petroleum also attracted international capital. Since the
last quarter of the 19th century, with the arrival of global techno-
logy, the region’s petroleum fields became part of a larger global
petroleum economy, and, gradually, commercial exploration of
petroleum became a reality. It was a time when geologists had
not yet succeeded in shaping an understanding of the science of
oil and its commercial possibilities. Over the next century, the
Assam oilfields played a key role in the British imperial economy.
After decolonisation, these oilfields not only turned out to be the
subject of intense competition in the regional economy, but also
became centrally identified with questions of community rights.
Immediately after independence, the Indian state encountered
political opposition to its stake on oil from Assam. This happened
at a time when the share of natural resources between the prov-
ince and centre was still not well-defined. Such opposition con-
tinued until a later period, when an economic blockade, with the
aim of restricting oil flows outwards from Assam, was success-
fully imposed as part of the assertion of regional politics. This
also became a counter in the political negotiations between the
Indian state and its federal province.

The subject of imperial exploration of petroleum and its pro-
duction in colonial and post-colonial period still awaits adequate
examination. Western scientists and industrialists began to pay
serious attention to petroleum only in the middle of the 19th
century, after oil was discovered in the American continent and
promised profits, though it was yet to become a popular energy
replacement to coal.! Technological innovations in petroleum
exploration and its conversion into various energy components
were still at a rudimentary stage and there remained suspicions
about its ability to replace existing energy sources. Indian
historiography has paid marginal attention to imperial histories
of petroleum exploration and the dense social histories which
unfolded subsequently. This historiography also rarely takes notice
of this significant partnership between geological explorations
and its commercial dimension as well as its career into the world
of science and technology.? While the existing official historio-
graphy of oil companies in NE India portrays a heroic picture of
incidental discovery of oil in the dense jungles, swamps and river
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valleys way back in the 19th century, the works on Assam’s colonial
economy hardly address the issues of science and imperial politics,
though they recognise the impact of oil.3 Oil, as a natural re-
source, continued to have serious repercussions on the post-
colonial polity, but these went beyond the scope of these works.
This paper seeks to locate Assam’s oil in the larger imperial and
global political economy. It begins with a re-examination of the
science and polity of geological exploration, which led to the dis-
covery of petroleum in colonial Assam, and examines how such
exploration became a part of the larger imperial economy leading
to conflicts over the right to control this natural resource.

Mineralsin the Colony

The role played by the colonial science of geology in shaping the
scope of imperialism is now well known. The earth science, geology
as it came to be known, played a crucial role in establishing the
colonial and post-colonial empire’s technological superiority
over untapped mineral resources.* By the middle of the 19th
century, the study of rocks, fossils and other mineral resources
had acquired more status than a “provincial pastime”. This was
the result of the formation of the Geological Survey of India
(GsD) in 1856, which played a significant role in directing state
intervention towards a professional growth of metallurgy. Since
then it acquired the status, not only of a national science, but an
essential ingredient of imperial science shaping the fate of the
India’s natural resources.5 The East India Company (g1c) officials
were not sure of the possible effectiveness of geological explora-
tions in India. Such initial unwillingness was the consequence
of two simultaneous developments: some British copper and coal
operators did not want their commercial interests jeopardised by
a possible discovery of Indian minerals, and a number of com-
pany officials also believed that India should primarily remain an
agricultural country.®

The region’s mineral resources did not go unnoticed before the
British imperial push. Minerals like gold were key elements in
political negotiations in the Ahom-Mughal conflict. The Ahom
rulers too negotiated with the Naga tribes for getting access to
salt-brine. Much later in the 1750s, the French traveller Jean-Baptise
Chevalier found both the working of gold sands in the river-beds
and commanding display of gold in the royal palaces, despite the
poverty of the people.” But this early enthusiasm never converted
to real prospects for the Europeans. The discovery of tea and the
realisation of this plant’s ability to create wealth for the British
empire was, however, accompanied by a parallel investigation of
coal and other mineral resources. Coal was already an important
resource through which imperial Britain had already expressed
its technological superiority.

The empire engaged Assamese scholars who had knowledge of
the region’s natural resources to chart out its mineral resources.
An illustrative, and frequently referred, example was that of
Maniram Dewan Datta Baruah, a pre-colonial noble who had
foreseen opportunities in British capital, but soon explored for
his own purposes. It was Maniram who prepared a systematic
narrative of local procedures of gold collection from the river-
beds. As the EIc administration came to know about this, further
explorations to confirm its viability were taken up. Maniram’s
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report on gold washing in Assam was a result of these enquiries.®
But soon it was realised that gold washing and collection would
not be a viable project, though further investigations into the
gold retaining capacities of upper Assam rivers were also made. A
fresh attempt was made by E T Dalton and S F Hannay in 1855 to
estimate the auriferous deposits of these rivers.® They travelled
up the Brahmaputra; one primary goal was to locate the “original
rock containing the gold in situ”. But they found that “the deposits
became less and less rich as they penetrated farther into the
hills” which forced them to return.

Failure of this venture never discouraged the colonial explorers
to further expand their search for other mineral resources. They
kept their eyes open for prospective discoveries of coal, lime and
any other mineral. In the fourth quarter of the 19th century, coal was
being commercially produced in eastern Assam. This came as a
major respite for the already flourishing tea-plantations. Coal was
found not only in the eastern districts of Assam, but was fairly
well-distributed.'° Coal allowed commercial enterprises and British
capital to penetrate deep into the region. British interest in coal
was crucial to the colonial investments in tea-plantations and forest
resources. However, the discovery of oil had an exclusive impact
on the future polity and economy of Assam.

Colonial Science and Polity

The possible existence of petroleum in eastern Assam was first
noticed in the early 19th century. This actually preceded the
significant finding of tea plants. While tea plants were noticed
only in the 1830s, one of the first recorded notices of petroleum
deposits was earlier, in April 1825, a year before the Eic con-
cluded the Treaty of Yandaboo with the Burmese to occupy Assam.
R Wilcox, an army lieutenant and geologist, was the earliest
observer of oil in an upper Assam village."* Wilcox’s survey of
Assam showed the many possibilities of geological discoveries in
the region.’? Wilcox’s survey carefully noticed both the geological
formations and mineral resources of the region. His chance
notice of oil was no less dramatic. This occurred while he was
surveying river Burhi Dihing at a place called Namchik. He
noticed seepage of oil and bubbling gas at a place called Supkhong.
Wilcox, describing the possibility of petroleum deposits in upper
Assam, later wrote,

There were two beds, one at a little higher level than the other, but
both on the plains, filled with liquid mud of various degrees of consist-
ence. One was twenty or thirty feet across, and the other larger. In the
middle, where bubbles of air are seen constantly rising to the surface,
the mud is nearly white, and is there in a more liquid state. On the
edges green petroleum is seen floating, but it is not put to any use by
the Singphos — neither is the coal.'3

Wilcox’s observation is significant for at least two reasons.
First, he initiated the long process of finding petroleum near coal-
beds in this region. Whatever may have been his initial observation,
it did not take long for others to realise that petroleum could
be found near coal-beds. The possible connection, by source of
origin, between coal and petroleum came for serious investiga-
tions by British geologists in the second half of the 19th century.
Second, Wilcox’s assertion that local communities had no use for
these minerals significantly helped the colonial state in asserting
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an exclusive claim on these resources. As further explorations
took place in the following decades, many others too noted that
the local populations hardly had any use for oil, though in other
minerals there were elaborate local traditions of use. Wilcox’s
findings did not have any impact in those early days of colonial
rule even though the ric regularly arranged elaborate schemes to
locate commercially viable minerals.

Several others followed Wilcox’s chance encounters with oil.
These included botanical surveyors, military personnel or
commissioned travellers, who noted the richness of mineral
resources in the region’s geology. Their findings were reported
in the Journal of Asiatic Society of Bengal (JasB). This helped
bring these findings to the notice of the government. For
instance, in 1828, C A Bruce, usually credited with locating the
indigenous tea plant in eastern Assam, reported how he came
across several oil seepages upstream of a place called Makum.
Unlike his discovery of the tea-plant and its consequences, his
observation on oil hardly had any durable impact. In 1837, William
Griffith, botanist and explorer, reported oil in the plains close
to the Naga Hills beyond the river Noa Dihing. Griffith observed
that the colour of the liquid was green to bluish white, which
indicated the presence of naphtha. Compared to his predecessors,
Griffith was more confident of a distinct character associated with
the liquids that he had come across. In the same year Adam White,
a Major in the British Indian army, also noticed “several springs
of petroleum” close to the river Namrup. White too indicated
that the local communities had no use for this resource.'
White’s survey was followed by that of S Hannay, a geologist in
the service of the e1c who found “petroleum rising from some of
the coal outcrops”.'s

Hannay’s observations of 1838-39 were further confirmed by
F Jenkins, a front ranking administrator of the Eic and a cap-
tain in the army. Jenkins reported that “oil flowed into the
pools in the water-course, and four or five seers were collected
in a few minutes”.'® Another round of exploration was taken up
by Hannay in 1845. He explored a limited area close to Jaipur,
near Silchar. His principal aim was to “find a bituminous rock
like that of Pyremont, a sample of which he had been supplied
with”. Though he was unsuccessful in this principal mission,
Hannay could collect “earthy and indurated sandy asphalt”
along with ordinary oil from a place called Nahar Pung."” Later
on, F R Mallet, reviewing what Hannay had found, wrote, “these
specimens were no doubt of earth and sandstone impregnated
with inspissated petroleum”. Such amateur encounters continued.
For instance, about a decade and half after Hannay’s exploration,
G Dalton, an army officer, reported oil finds at Namchik and
Makum in 1854. Similarly, S E Peal, a tea planter, mentioned oil
springs near Margherita in 1879. Along with amateur explora-
tions, the first attempt at drilling for oil in Assam was made in
1854. A European speculator, John H Wagentreiber, was the first
entrepreneur to take steps to exploit oil in Assam. He got a 10
years lease over a tract of land between Bappapoong and
Namchik in 1854. However, the venture met with failure.

All these findings, as mentioned earlier, could not escape
the fate of Wilcox’s own discovery. There is little doubt that
everybody proceeded along the line followed by Wilcox and
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looked for the possibility of finding petroleum near established
coal-beds. While there does seem a pattern in these efforts, it
may not be possible to state that they were aware of the common
ancestry of coal and petroleum. It was only in the early 20th cen-
tury that geologists were able to confirm their assumptions about
the possibility of finding coal and petroleum together.

GSl and Arrival of Geology

Years of amateur discoveries would influence the nature of inves-
tigations taken up by the Gs1 when it was formed in 1856, though
the nature of mineral exploration acquired a distinctly profes-
sional character. This began right in 1865 when H B Medlicott
of the gsi studied the mud from the eastern Assam localities.!®
Medlicott research brought good news about the presence of
petroleum deposits.’® He suggested that as yet, only thin layers of
petroleum had been “skimmed off” by the Assamese, “everything
was in a state of nature”.?° Crucial to his investigation was the
commercial possibilities of the petroleum deposits. He noticed
two favourable indications: “copius discharge of gas” and “non-
discharge of water” while he also noted some contrary indica-
tions, which called for a careful testing in the face of the “dis-
turbed condition of the rock”. Based on Medlicott’s findings,
James Goodenough, belonging to the Calcutta based Mckillop,
Stewart and Company, was awarded a right to explore petroleum
over a larger tract of land in eastern Assam in November 1866.
Goodenough initially drilled three bores which yielded oil, often
oil and water intermittently. Some wells yielded 650 gallons
per day giving further hope for the commercial exploration of
petroleum. With this yield increasing to 2,000 gallons per day,
the prospect for commercial exploration of these areas seemed
much brighter.

The next 20 years did not see much activity on the oil front
despite Medlicott’s recommendation that “experimental borings
should be sunk there to practically test the value of the oil accu-
mulations”. However, by the 1870s, the Gst had completed exten-
sive explorations of the coal bearing localities of Assam. In the
meanwhile, surveyors continued to speculate on the resemblance
of coal- and petroleum-bearing areas. Decade later, an enquiry
into Burma’s oil deposits convinced Gs1 about the connection
between coal and petroleum in this region.

Samples from various borings only indicated the presence of
blue clay. Whether this presence of blue clay indicated oil was
still not confirmed, but it caused some excitement for the geo-
logists at gs1. The initial breakthrough in assessing the quality of
petroleum in Assam came in 1874, when Theodore W H Hughes,
of the gsi, tested samples procured from the spring owned by
Goodenough.? An analysis of petroleum from these springs gave
some positive results. A fragmentation of the petroleum sample
suggested that the first six portions contained lamp oil. The
samples also carried a higher specific gravity, a key parameter in
determining the character of the petroleum content. The seventh
and eight portions from the fragmentation contained solid paraf-
fin. Hughes thought that these two layers could be commercially
separated for specific purposes. More importantly, Hughes said
that as the findings of petroleum in the United States and Canada
had given fresh impetus to the production of coal-oils, such a
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profitable application of technology could also be used in British
India. Nonetheless, Hughes’ findings clearly indicated the com-
mercial possibilities of Assam petroleum.

R A Townsend, the superintendent of Petroleum Works in Bal-
uchistan, further examined Assam’s oil deposit in 1888. For the
GsI, it was a crucial to get some convincing results from an
“experienced” specialist. Despite the convincing quantity of oil
deposits in the sample areas, Townsend had doubts about the
“satisfactory proportion of burning oil on distillation”. At the
same time, he did not hesitate to claim that “the illuminating
value of the crude oil can only be ascertained from the oil meas-
ures below the surface which have not been exposed to atmos-
pheric influences”. But a 3% presence of petrol was not still a
matter of enthusiasm and the Ggs1 thought that “until petroleum
from below has been examined, it will be as well as not to ex-
amine what is as yet unproven”.

Despite this early enthusiasm, the commercial viability of oil
deposits in Assam remained a matter of conjecture. As late as
1920, the Gs1 again admitted that, “this area has not yet been
adequately tested, it is still unknown, whether there are deep
oil-sands of commercial value”.?> The prospective enterprise,
however, was free from certain worries of another 19th century
colonial investment; the troubles with labour in the tea-plantation.
While the petroleum industry was largely a mechanised sector,
the prospect for getting both the skilled and unskilled workers
was fairly high. Compared to tea-plantation, it was not a labour-
intensive industry. There were trained technicians from England,
Bengal and Assam, while limited manual labourers could be
recruited from near the drilling localities.

Geological investigations were marred by “unfavourable”
conditions. For instance, many in the Gsr felt that the dense
vegetation of the region was a serious hindrance. Scarcity of
fossils was another impediment, but it was not unique to the
region alone. Extensive searches in Burma too resulted in few
fossils.?3 Further, compared to the experience of early days of
colonialism, the access to interiors had also improved. Thomas
Henry Digges la Touche of Gsi, carried out further investigation
towards a holistic understanding of the region’s geology.
Crucial results appeared from Burma with “large collection of
fossils” and this convinced the Gs1 to get specialists for further
investigations of Assam. The discovery of oil became a boon for
coal exploration too since it was believed that the presence of
oil implied the possibility of good varieties of coal. This was
apparent, for example, while undertaking a survey to find out a
possible Assam-Burma railway route. R A Way who was en-
trusted with the preparation of a report on this had commented
that "with oil wells in the vicinity of coal workings, the manu-
facture of a very high class of compressed coal briquettes should
become practicable”.4

By 1894, parallel petroleum explorations in places of north-
west India had shown poor results.? In fact, till the first decade
of next century, the total output from the Punjab region remained
within 2,000 gallons. Results from Assam, despite the claimed
possibilities, were still low, and this was blamed on the geologists
who, despite the presence of crude in an area covering over
100 miles, had not made production a reality. In January 1894,
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R D Oldham, a leading scientist of the Gsi, while speaking to
scientists at the Imperial Institute in London, blamed unskilled
labourers and wrong and haphazard choice of fields for such
failure. Oldham had no doubt that the quality and quantity
Assam’s coal and oil reserves would remain unsurpassed within
British India. Oldham informed his audiences about the profita-
ble findings in Burma. Thus, both Assam and Burma, according
to him, held great possibilities for future oil production in the
British empire, but needed help from the government. Oldham
suggested that a survey of areas of Assam and Burma for oil
exploration should be given high priority, while rules and regula-
tions should be adopted, at the same time, to give mining conces-
sions in these areas.

Beginning of Commercial Ventures

The commercial initiative to extract petroleum was taken by the
Assam Railways and Trading Company (hereafter ARTC) from
1881. The company was formed for constructing a railway line in
the province and was granted a lease over 30 square miles for
petroleum exploration. It formally acquired the rights of explora-
tion agencies in 1884.

As the prospect of extracting petroleum became brighter, the
company began the process of acquiring a licence to explore in
Digboi. The area they indicated had recently been declared a re-
served forest. At that time, the revenue from the forest appeared
brighter compared to the possible future revenue from petro-
leum. Therefore, the Assam government was unwilling to give
the licence for petroleum exploration. In fact, the chief commis-
sioner of the province came out openly against any such move
to grant a licence.?® The aArTc had no option but to pressurise
Dufferin, the viceroy. The very tone of its request was indicative
that the ArTc did not want this highly prospective chance to be
forfeited. Finally, the provincial administrator could not resist
and the ArTC acquire the licence in 1888 to exploit oil in the
area now known as Digboi field. Another speculator was the
Assam Qil Syndicate (aos). With the commencement of com-
mercial exploration, till the end of the century, oil was sent to
for refining to Margherita, at a few miles distance which had a
small refinery.?”

Both the ArRTC and the Aos went through an intricate process
of negotiation to retain control over the existing land leases.
Bureaucratic and commercial interests of the influential mem-
bers of the aos played a significant role in providing the new
company with exclusive rights to explore oil. By 1897, the
clauses became clear which would be instrumental in the mak-
ing of a new company by taking over the property of the Ao0s.?®
By the end of the century, the ArTc signalled its willingness
to do away with the exploration and drilling of oil in eastern
Assam. The company did not want to lose its technical operation
which would come handy in future. The impending news of the
formation of an exclusive oil exploration and refining company
was also in the air. One of the complex things that the ArTC
needed to sort out was to negotiate with the Assam government
for acquiring land leases with prospective oil deposits. The Assam
Land Revenue Regulation of 1886 removed several ambiguities
of land rights and essentially allowed land leases for the
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oil-speculators. In 1899, the British Indian government further
issued rules to govern licence and mining leases in several parts
of the country. The new rules allowed the government to retain
rights over the minerals and granted concessions for explora-
tion. Annual licence was given to prospective speculators with-
out any exclusive or preferential rights. Exploration in unoccu-
pied and unreserved land was, however, not prohibited. With
the liberal licence regime, the number of such grants also
increased rapidly.

While the Assam administration was unsure about the ad-
vantages of further oil exploration compared to coal explora-
tion,? by end of the 19th century, the stakeholders in Assam’s
oil were convinced about their prospects. They knew that it
would be possible to explore and market Assam oil commer-
cially. Some of the early anxieties were over. The Gs1 could
safely claim that despite Assam’s oilfields being commercially
less prospective than the Burmese oilfields, it could claim priority
in age. The occurrence of oil in both Assam and Burma was
analogous too. As such these minerals were lying “along a
narrow strip or belt of country running parallel to a river valley
of which it forms a part”, they had no doubt that minerals were
to be found in tertiary rocks “succeeded by a considerable belt
thickness of soft, coarse, fluviable sandstone containing fossil-
ised wood”. Years later, the GsI confirmed the assessment of the
speculators when it stated, “the belt of tertiary rocks, stretching
from the north-east corner of Assam for about 180 miles south
and west, shows frequent signs of oil nearly always in associa-
tion with coal and sometimes associated with brine springs and
gas jets”. Extensive exploration and big commercial prospects
changed the face of Indian mineral exploration. Petroleum had
already acquired a significant status as a priority mineral in
India.3° In 1899, the Assam Oil Company (hereafter aoc) with
a capital of £3,10,000 was formed to amalgamate the joint
capital of both the aArTc and the Aos. Its initial capital outlay
was £4,50,000, a meagre amount compared to the investment
in tea-plantation.

AOC and the Imperial Economy

Early in the 20th century, the European press began to report the
expansion of investor interests in oil. After this, geological chal-
lenges could not hinder the region’s petroleum deposits being en-
trapped within the imperial political economy. The aoc declared
a profit of £18,960 in 1904. Later, the first world war created an
unprecedented increase in the demands for oil.

With the commercial production of petrol and other products
in Digboi, petrol was sold in limited quantity within the province.
The larger portion of wax, “of fine quality with a melting point of
as high as 135° F” was sent to England. There was a good reason
for quality wax being produced in Digboi. Already the fractional
distillation demonstrated a high percentage of wax and it was
claimed that “one of the heaviest ever found in world”. Apart
from petrol and wax, Digboi began to produce jute-batching oil,
kerosene and fuel oil. Till the end of 1911, a total of 32.4 million
gallons of crude oil was refined. This was much lower than the
Yenangyaung field in Burma which produced 1,400 million
gallons in that period.
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It was during the first world war that the United States began
to produce huge quantities of petroleum for its consumption,
more than 60% of the world share, which gave it an unparallel
position in the world market.3! This was also supported by the
movement of global oil prices which also increased the flow of
capital to this sector. There was already a better transport system
in the Atlantic to reach the crude oil to the international markets.
Though comparatively at a lower scale than that of the us, even
British capital began to flow into the oil markets. British India, at
that time, had only a marginal share of 10,00,000 tons which
was less than 1% of the total global oil production.

At the end of the first world war, with good prospects of an in-
ternational oil market, the Aoc began to emphasise restructuring
and re-strengthening of the geological department of the com-
pany. By 1920, with the great boom created by the first world war,
the Assam oilfields attracted more international attention. But
despite this the aAoc could not make a good profit from its Digboi
fields till 1925 when it began to report a growth in its profit.32
Intensive drilling operations began from 1922.33 The aoc claimed
that this was achieved despite the shortage of “native efficient
labour”. The aoc also hired trained scientific staff like geologists
from the Burma Oil Company (Boc). The company continued to
apply for licences in various other areas which showed signs of
oil reserves. This also meant that the rights over some areas
which had been explored and had already been relinquished.
Over the years, though the Aoc began to concentrate essentially
on Digboi, it also, gradually, diverted its attention to other areas.
As such exploration required financial investment and careful
geological exploration preceded any such attempt. Additional
money required for new exploration was generated on loan from
the international market.

A couple of decade after its formation, the aoc had three dis-
tinct forms of activities: production and refining of crude oil and
the distribution and sale of the refined products. But the com-
pany was still struggling to overcome various initial difficulties
in every field of its operation. For the next couple of years, the
primary task of the company remained essentially focused on the
important dimension of proving the productive capacity — oil-
bearing capacity of the wells which would have an important
bearing on the crude oil position of the state. To expedite drilling
in a number of speculative fields, a rotary outfit was sent from
London to Assam.34 Proving the contiguous character of a few
separate oil-bearing regions had remained the core scientific
concern of the Aoc.

There was a growing competition for prices of kerosene, the
product which was most sought after by the general customer. By
the end of the first quarter of the 2oth century, the Aoc began to
look for markets beyond the traditional markets in Assam to sell
their kerosene. This was mostly necessitated by the increased
volume of kerosene production. It was a difficult time for the Aoc
to face the increased instability in the world oil prices, especially
with the increased global participation of oil companies whose
intense international competition was mostly done by “rate cut-
ting”. At the same time, there was a general feeling of trust on the
future prospect of India’s petroleum industry by the first decade
of its operation.
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Forming a Partnership: AOCand BOC

Despite profits earned in the wake of first world war, the aoc
could hardly sustain its commercial operations independently
against the aggressive us-based oil companies. The best possible
option for it was to seek a joint venture with another British oil
company, both commercial and technological. The logistical
operation of Boc and years of technological cooperation encour-
aged the Aoc’s management to seek further support for its future
works from the former. The Boc, initially formed in 1886 and
restructured in 1902, had monopoly control in British Burma,
which acquired substantial rights in the Assam oilfields a couple
of years earlier and had already expanded its territorial limits to
Burma, Assam and Punjab.35 While oil exploration in the south-
east Asian soils had already made a significant headway.3® The
BocC was under possession of the rich oilfields of Irrawati and by
the first decade of the 20th century, it was in a position to provide
good dividend to its shareholders. The Boc also had drilling
rights over 500 acres of lands in southern Assam.3” The Boc had
already declared its intent for aggressive expansion into the
crude oil market of British India:
We have devoted a fair proportion of our profits to this exploratory
and testing work because your directors have recognised that it in the
interest of the company and of the oil industry of Burma and India that
we should do so. After all crude oil is the life blood and very existence
of the company, and I am sure you will all agree that no stone must be
left unturned in order to try and discover fresh sources of supply, par-
ticularly in Burma and India where the company both holds such a
commanding position in the market and possesses all the transport,
refining and marketing organisation required to deal with a large pro-
duction of crude oil 38
This meant that the Boc would vigorously pursue oil in “every
area of reasonable geological promise”. The only method to prove
and disprove this speculation was the technology of drilling.
Even finding of oil does not necessarily mean the commercial
viability of extracting oil. The Boc geologists had also predicted
that compared to the existing estimate of oil capacity of Assam
fields, the possibility was much higher. And the Boc at this stage
began to contemplate staking more claims in the affairs and
properties of the aoc. With this intention, in 1920 the BOC
offered £2 cash for each aoc share.39 Alternatively, the Boc sug-
gested, the shareholders of Aoc could opt for two share of Boc for
nine shares of Aoc. Despite the chaotic nature of oil prices, taxes
on oil remained uniform which was a matter of serious concerns
for the Boc. After its amalgamation with the Boc, the aAoc could
fight out these core issues more elegantly. However, what re-
mained most central to the oil industry was the great unevenness
in equilibrium in the supply- and demand-side of the industry.
The first few decades of the oil industry saw uncontrolled and
speculative production, resulting in great instability in the oil
prices. Concerns existed about the actual limited reserves of oil,
but it was generally believed that new exploration and discover-
ies would work as a deterrent to any probable decline in the oil
capacities.*® Faced with growing concern raised from various
platforms, Britain began a political move to control the produc-
tion of crude oil.
By 1927, a couple of years after Aoc came under the direct
management of the Boc, it became clear that there was little
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likelihood of the company adding to its existing resources. Prices
of petroleum products remained volatile and unpredictable as
before adding innumerable miseries to various oil companies. In
the next year, the rate-cutting wars had severely threatened aoc
with its potentially small capital. The geographical location of
Assam leading to unfavourable transport became another con-
cern for the company.

One possible way to escape these economic uncertainties was
to gain greater political clout within the provincial government.
This could be done by gaining privileges similar to those enjoyed
by the tea-plantation lobby. The aoc also tried to carve out more
space within Assam’s legislative political domain. Protracted
political battles ensued claiming such privileges as that of Assam
plantation lobby. However, despite intense lobbying they could
not secure such a place within the political machinery. On the
eve of the second world war, the oil industry came under severe
labour unrest. A series of labour strikes disrupted the produc-
tion of oil. This unravelled the role played by the Indian state
and political class in this industry.*! This also ensured a conflict
of interest between the provincial Congress government and
imperial interests.

During this time, like its colonial counterpart the tea-planta-
tion, the oil sector also remained crucially dependent on imperial
capital mechanism. The Indian government reacted slowly; it
had no other way, but to handle the oil economy, with a careful
eye at international flows of capital.

Afterwards

At independence the Indian consumers were still primarily de-
pendent on imported petroleum. After that the Government of
India (gor) tried to pursue a policy of “developing oil resources
under the exclusive control of the state”. An industrial policy
clearly indicated that the management of the oil resources would
be under the public sector, but the government was yet to formu-
late a policy towards its effective control.#> There was an attempt
to control various foreign oil companies, but in reality the cor
could hardly exert firm control over them. At the same time,
independent India’s oil policy came under harsh criticisms of the
World Bank, which had already began to regulate international
economic policies.*3

In the absence of a widely accepted production and distri-
bution policy in petroleum, the Assam provincial government
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played a crucial role in the evolution of a temporary but inde-
pendent oil programme within the emerging, but yet unstable,
Indian federal polity. As the rights over the regional natural
resources were yet to be clearly formulated, the Assam govern-
ment asserted its rights to negotiate with the aoc. Accordingly,
the Assam government renewed the Aoc’s exclusive licence for
geological exploration in 1950. Another year later, in 1951, still
pursuing an independent oil policy, the Assam government
extended another mining lease to Aoc to explore oil in Nahar-
katiya of eastern Assam. After a couple of years of exploration,
in 1953, more oilfields were discovered, which were commer-
cially viable. This encouraged the aoc to further renew its
licence with the Assam government. The Assam government
renewed licences to the Aoc on the condition that the Indian
government’s share in the new venture would be limited
at 33.5%.

With the increasing interest of the Gor in the country’s oil
resources, a committee was formed to look into the matter of the
rights of Indian government and various contested oil policies.**
The committee suggested that the crude oil from Assam should
be processed and refined at another location. The committee
suggested Calcutta, also agreed upon by the Aoc, as the favoured
site with Barauni as the next possible site. A site in western Assam
could be considered only if political circumstances compelled
to do so. As it became clear that Assam would not have a refin-
ery in the beginning of the Second Five-Year Plan, widespread
public protests emerged. Political parties across their ideological
stand came together to articulate Assam’s unwillingness to share
oil with the entire country. A public coordination committee was

formed to spearhead a movement ostensibly aimed at having a
new refinery in Assam. The new refinery would be supplied with
crude oil from eastern Assam. Legislators in the state assembly
raised their concern of Assam’s claim for oil eloquently in the
floor of the assembly: The Indian government’s decision to es-
tablish the refinery at Barauni was challenged by the Assam
government and all the parties representing the hills and the
plains stood united for the cause supported by the people of Assam
who actively participated in the movement led by the All Assam
Refinery Action Committee.45

A resolution that the refinery should be established in Assam
was taken in the legislative assembly in April 1956. The popular
movement was jointly spearheaded by the leadership of the op-
position party and the All Assam Oil Refinery Action Committee.
Under popular pressure and the constant negotiation by the
Assam government, the gor decided to appoint an expert com-
mittee to resolve the question of the location of the refinery.
Though the committee was a relief, people were apprehensive
about the committee, a sentiment reflected in the vernacular
press. In October 1956, the action committee met Prime Minister
Jawaharlal Nehru, during his visit to Assam. They represented
their demand that the committee should work towards establish-
ing the refinery in Assam and the objectives of the committee
should have been to find ways to overcome the hurdles.4® The
technical and commercial angles of setting up of the refinery had
already been discussed by the aoc and Assam had already
protested against it.

By June 1957, the Gor decided to set up the refinery in Barauni
against the popular demands of Assam. This was sure to raise
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further political outburst. By June 1957 all the members of the
Assam Legislative Assembly came together to stand by the
cause. The assembly was convinced that the refinery was even
technically and commercially possible in Assam. The members
argued that the refinery was essential for the economic
development for Assam as it would generate petroleum-based
industries and have a wider developmental impact. An Assa-
mese legislator, substantiated this view by drawing a similarity
with west Asian countries. The Assamese socialist leader
Hareswar Goswami had no doubt that even if such claims were
categorised as “parochial”, he would “suffer to be parochial
rather than to live in a house where I have no rights over my
belongings”. He added that retention of oil inside Assam was a
“question of regional development” and he appealed for a united
stand on this issue. The demand for a refinery was not merely
confined to the legislative politics but the protest drew a large
popular participation. The ideological apparatus of this outrage

was directed largely by the Assamese middle class. The condem-
nation of the state against these protests was feeble. Finally, under
tremendous pressure from a member of the central government,
the cor decided to agree to a separate refinery to Assam apart
from the one at Barauni.” The pipeline which was constructed
for carrying out this oil was one of India’s major international
engineering cooperations.

At the close of the previous century the Indian government
had strongly asserted that minerals and their development
play a significant role in its programme of national develop-
ment. In doing this, the role of the State and technology has
been clearly outlined. In Assam, the oilfield townships have
come to symbolise the prosperity of the Assamese elite. On the
other hand, oil has also emerged as one of the key “regional”
resources with claims of exclusive nationalistic rights. Oil
exploration came to be seen as a major example of Indian
internal colonialism.
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ABSTRACT

Digboi Refinery is the world’s oldest refinery in simple form which is producing oil since 1889 till present with its modernized setup.
Its first well was dug manually during 1889 and crude oil was found at 54m depth only. This phenomenon has encouraged establishing
an industry on oil producing business, and accordingly a form of first refinery was comeout in 1889.

The Digboi Refinery modernization project was taken up in large scale in order to overcome the technological obsolescence of the old
refinery. Subsequently a number of other major projects were undertaken by Assam Oil Division to further revamp and modernise
Digboi Refinery, which is in fact commissioning during 2007 onward as a completely modernizied refinery.

Geotechnical investigations for this modernization project was started during 1987 and completed during 1992. As a whole the
investigation works were completed under time bound work of three different phases of investigations with various engineering
requirements. Besides laboratory investigations, field investigation includes mainly boreholes with SPT, DCPT, SCPT, VST, CBRT
and Block vibrations tests. After careful studies, based on the field and laboratory investigations various types of shallow and deep
foundations were suggested. Design and constructions were made based on the suggestion provided more particularly to overcome the
problems pertaining to the high seismicity of the area and potential to dynamic liquefaction point of view and executed the same at site
accordingly. Observations were made till date are found highly satisfactorial to engineering aspects.

INTRODUCTION
India, accidentally discovered oil at Digboi. Accordingly, the
first commercially viable well in India, known locally as well

and Symposium in Honor of Clyde Baker

History of Digboi Refinery in General

Digboi Refinery is located in far northeast corner of Assam,
India. Its geographical location includes an area of latitudes
27°23'N to 27.38°N and longitude 95°38'E to 95.63°E. It has
an average elevation of 165 metres above msl. It is situated
510 km north east of Guwahati city the central place of North
East Region (NER) of India.

More than a century ago just before the World War 1, history
of oil business was begun in the midst of the dense and
malaria infested jungles by a band of intrepid pioneers
searching for black gold. Italian Engineers, commissioned by
the Assam Railways and Trading Company, which established
Tea Gardens, Coal Mines and Timber Mills in the NER of
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No.1, was successfully drilled in September, 1889 and first
model refinery in India was built and commissioned in
December, 1901 to supplant a small "betch-still" refinery in
Margherita. Figure 1(a, b & c) depicting some aspect of
premitive refinery.

When oil was discovered in Digboi there was no habitation in
its immediate neighborhood. The jungle was dark and
swampy. The forest was so thick and the undergrowth so
dense that sunlight could never reach the ground. Once oil was
found, the dense jungle made way for the growth of the oil
industry in India. ‘Dig-boy-dig’, shouted the Canadian
engineer, Mr W L Lake, at his men as they watched elephants
emerging out of the dense forest with oil stains on their feet.
This is possibly the most distilled — though fanciful — version


mailto:gokul_kb_ctk@yahoo.com
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Fig. 1 Depicting old refinery (1889-1901) as (a) Digboi Refinery at the initial stages (b) First Commercial
Viable well in India locally known as Well No.1 (c) "Betch-still" use in Margherita Refinery Unit

Fig. 2 Depicting present day (2007) Modernised Digboi Refinery

of the legend explaining the sitting and naming of Digboi.
Over the past 100 years, Assam Oil Division and the
petroleum industry of India with Digboi as its nucleus has
been very much a part of this existing period. While looking
back on the past with respect and to the future with
confidence, it is here how Digboi Refinery was successful in
meeting the needs and challenges of the times, and how
Digboi Refinery played a role in shaping and developing
history over the past 100 years. Digboi is now Headquarter of
Assam Oil Division of Indian Oil Corporation Limited.

The Earliest recorded to the existence of oil in India is found
in the memories and dispatches of the Army Officers who
penetrated the jungles of Upper Assam since 1825. Lt. R.
Wilcox, Major A. White, Capt. Francis Jenkins, Capt. P.S.
Hanney -- they all saw at different times, petroleum exuding
from banks of the river Dehing. Mr. C.A. Bruce (1828) and
Mr. H.B.Medicott (1865) of the Geological Survey of India
also saw oil while prospecting for coal in Upper Assam. Mr.
Goodenough of McKillop, Stewart & Co. Calcutta was the
first in India to start a systematic programme of drilling for oil
in November,1886, at Nahorpung about 30 miles south east of
Dibgoi, just seven years after the World's first commercial oil
well was drilled in 1859, by Col. William Drake in
Pennsylvania, USA. This hand dug well-first oil well in India
was drilled upto 102 feet and proved dry. However, the second
well, struck oil at Makum near Margherita, about 8 miles from
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Digboi. The Assam Railways & Trading Company while
extending the Dibrugarh-Sadiya Railway line upto their coal
fields in 1882 came across oil seepage near work sites around
present Digboi. Although drilling for oil first began in 1886,
by Assam Railways and Trading Company, it was not until
1889 that the first commercially viable well was struck at
Digboi. India's petroleum industry thus started taking shape
with the commercially successful discovery of oil in Digboi.
Assam Qil Company (AOC) was formed in 1889 to take over
the oil interest of the Assam Railways & Trading Company
and the Assam Oil Syndicate, who had carried out the early
drilling in the area. The Digboi refinery, commissioned in
December, 1901 is today India's oldest operating refinery. The
Digboi oil field produced close to 7,000 barrels per day
(1,100 m%/d) of crude oil at its peak, which was during World
War I1. Over the 100 years it has undergone a transition from
being an age old refinery to one with state-of-the-art
technology comparable to any modern refinery.

Present Day Digboi Refinery

Digboi Refinery Modernization Project (DRMP) was started
during 1987 with its soil investigation work. It was taken up in
large scale in order to overcome the technological
obsolescence of the old Digboi refinery. Subsequently a
number of other major projects were undertaken by Assam Oil


http://en.wikipedia.org/wiki/Crude_oil
http://en.wikipedia.org/wiki/World_War_II
http://en.wikipedia.org/wiki/World_War_II

1658

Division (AOD) to further revamp and modernise old Digboi 3. Utility sub-station area (BH-11 and H-4)
Refinery. This includes the Wax Hydro-finishing Unit
(WHU), the Solvent Dewaxing and Deoiling Unit (SDU), 4. Power plant area (B-6, H-5, H-6, H-7, H-8 and SCPT-14)
Hydrotreater, Vacuum Residue Short Path Distillation 5. C.W pumps, C.W.F and Cooling tower unit (B-7, H-9 and
(VRSD). Subsequently, Digboi refinery has been awarded the SCPT-13)
ISO-14001 and OHSMC certificates (Fig. 2). Digboi is now .
Headquarter of AOD of Indian Oil Corporation Ltd. 6. F.W Tank unit (H-10, H-11 and SCPT-11).
7. F.W. Power house unit (BH-10 and SCPT-12).
Geotechnical Investigation in Brief at DRMP 8. Compressor station and Nitrogen plant unit (BH-9, B-7,
H-12 and H-13).
Geotechnical investigation carried out for the DRMP site on 9. Fire station unit (H-14)
behalf of General Manager, Indian Oil Corporation Ltd . i
(10CL), Assam Oil Division, Digboi. The investigations for 10. Control room and substation unit (BH-6, H-15 and
DRMP site were carried out in three phases viz, preliminary SCPT-10).
investigation for 12m depth, investigation for additional 11. Reformer unit (Entire area was an uneven land having
requirement for 25m depth and final investigation (phases I) ridges and depressions covered by surface water and
for 21 m depth. Field investigations were carried out in the vegetation which includes H-16, H-17, H-18, H-19,
months of July to August 1987, January to April 1988 and SCPT-8 & 9, DCPT-1 & 2).
June to September 1989 respectively. Figure 3 (a&b) shows . .
the overall Digboi refinery with proposed DRMP site 12. V.D.Uand C.D.U ur_ut (Entlre area was an uneven ma(shy
depicting the locations of almost all kinds of field tests carried and sludgy land having ridges & hillocks and depressions
out during that period in plan and sectional elevation covered by surface water and vegetation which includes
respectively. The whole investigations were time bound and BH-1, B-2, H-21, H-22, H-23, SCPT-5,6,7 and DCPT-
the interim reports for the final investigations were submitted 3&4).
as per tight schedule drawn up by the Chief Project Manager, 13. Feed stock tank and Dyke unit (B-1, H-24, H-25, SCPT-1,
10CL, (A_OD). Whole DRMP site is subdivided for through 2,3 & 4, DCPT-5&6).
investigation into 15 numbers of sub-area based on the actual . . )
structures to be constructed therein. The sub-areas and the 14. Pipe track area (Entire area was an uneven land having
field tests carried out with in them are as under: ridges and depressions enters into the existing refinery
plant which includes H-26, H-27, H-28 & H-29).
1. Filter water reservoir unit (H-1 and H-2). 15. Cement godown plant unit (Bh-4 BH-5 and SCPT-16).
2. D.M Tanks and plants area (B-4, B-5, H-3 and SCPT-15)
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Fig. 3(a) Showing the then proposed DRMP site and part of Existing Digboi Refinery during 1989
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Fig. 3(b) Sectional view through A-B line in Fig. 3(a) showing the proposed DRMP site and part of existing Digboi Refinery

It was revealed from the investigations that the subsoil mainly
consists of fine grained soil of low and medium plasticity to
non-plastic silty-sand. No coarse grained sand or gravel
deposits were found. Soil pockets filled with very soft clayey
silt or silty-sand, oily substances, decomposed or semi-
decomposed vegetation were also found in some areas. Void
of soil mass was identified in some locations which is the
result of dynamic soil liquefaction due to old earthquakes.
Safe Bearing Capacity (SBC) of the investigated subsoil was
found in the range from 1.5 to 7 t/m? at various depths and the
values with respect to 25mm, 40mm and 60mm settlements
were recommended for isolated footings of different sizes. Pile
foundations of different types were recommended for some
areas with heavy loading structures due to poor bearing
capacity at shallow depths and to overcome the liquefaction
zones. Consolidation properties of the subsoil, the time for
90% settlement and historical loading conditions of the areas
were also established. Settlement characteristics including
consolidation and elastic settlements at centre and periphery
for R.C.C. circular oil storage tanks were calculated in detail
and recommendations for reduction of high degree differential
settlements were included. Recommendations regarding site
preparation including placement and compaction of fill
materials required to bring the uneven hilly site level to final
grade level and for road pavements were also furnished.

GEOTECHNICAL INVESTIGATION IN PARTICULAR

Description of Site and General Geology of DRMP Site

The site for the proposed (during 1987) Digboi Refinery
Modernisation Project (DRMP) is situated on the southern part
of the existing Digboi Refinery plant. Tinsukia-Ledo railway
line and the State P.W.D. road touch the proposed site in
western side. Digboi railway station is located near the south-
west corner of the site.
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The topography of the entire site is characterised by small
hillocks and valleys with depressions partly filled up by
surface water and jungles (Fig. 3.b). Location of boreholes
(marked as BH, B and H) and other field tests for the three
stages investigations are shown in site plan (Fig. 3.a) along
with the refinery building units of various natures.

General geology of the DRMP site comprises of small hillocks
forming the part of the Nagahill ranges. The highest hillock is
about 200m high above mean sea level (msl). The structural
formation of top of the area is mainly laminated bends of clay,
silt and sand-stone of recent age of alluvium deposit and the
bed rock is of Barail group of Oligocene to Pliocene age. The
bed rock is characterised by a sharp anticline runs in WSW-
ENE direction and both the flanks having different dips
ranging from 90° to 60°. General geology and seismic activity
of DRMP site is furnished in Appendix.

Detail Scopes of Works for Thorough Investigations

Whole investigations were carriedout under two major
different phases, viz., Phase-l.a: Preliminary Investigation,
Phase-1.b: Additional requirements and Phase-Il: Final
investigation.

Scopes of Field works 1. Preliminary Investigation under

Phase-l.a, covered the following scopes of field works,

location of which are shown in Fig. 3(a&b).

(a) Boreboles (designation BH): 11 nos upto the maximum
depth of 12m.

(b) Dynamic cone penetration tests (DCPT) upto 12m - 9 nos.

(c) Standard penetration tests (SPT) in each borehole upto the
depth of boring.

(d) Collection of disturbed and undisturbed samples from
boreholes.

(e) Collection of soil and water samples from boreholes for
chemical analysis.




(f) Observation of ground water table.

Scopes of Field works -2. Investigation for additional

requirements under Phase-1.b covered the following scopes of

field works, location of which are shown in Fig. 3(a&b).

(a) Boreholes (designation B): 9 numbers upto a depth of 25m.

(b) SPT in 8 boreholes upto the depth of boring.

(c) DCPT upto refusal - 1 no.

(d) Collection of disturbed and undisturbed soil samples from
the boreholes for laboratory analysis.

(e) Observation of ground water table.

Scopes of Field works - 3. Final investigation in Phase-II
covered the following scopes of field works location of which
are shown in Fig. 3(a&b).

(@) Boreholes (designation H): The position of 24 nos of
boreholes (21m depth) were fixed based on actual
location of the proposed structures (Fig. 3.a).

(b) SPT and collection of disturbed and undisturbed soil
samples from boreholes for laboratory analysis.

(c) Static cone penetration test (SCPT) — 16 nos.

(d) In-situ vane shear test - 7 nos.

(e) Field permeability test - 2 nos.

(f) Field CBR test — 4 nos.

(9) The electrical resistivity test and dynamic soil tests

(h) DCPT (6 nos).

(i) Observation of ground water table.

Scopes of Laboratory works. Following laboratory
investigations works were performed for almost all phases of
investigations:
(a) Grain size analysis by
(i) Sieve analysis test, and
(if) Hydrometer analysis test
(b) Atterberg’s limits test
(c) Natural moisture content test
(d) Bulk density (Dry and wet density) test.
(e) Specific gravity and void ratio test.
(f) Triaxial compression test
(i) Drained test and
(ii) Undrained test
(9) Direct shear test.
(h) Unconfined compression test.
(i) Permeability test.
(j) Uniaxial consolidation test.
(k) Proctor density test
(I) CBR test
(i) 4-days Soaked CBR and
(i) Unsoaked CBR
(m) Chemical analysis of soil and water samples

Scopes of works for Recommendations. Following

recommendations were prefixed for the 3 stages

investigations.

(a) Geological information of the region.

(b) Past observation and historical data, if available for the
area or other areas with similar soil profile or for similar
structures in the surrounding area if existing.
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() A set of longitudinal and transverse soil profiles
connecting various boreholes shall be presented in order
to give a clear picture of the areas to show the variation of
subsoil.

(d) Recommended type of foundation for various structures
duly taking into account the tolerable settlements,
presence of ground water table also minimum depth of
foundation.

(e) Net safe bearing capacities of strata for various widths of
square foundation of sizes 1m, 1.5m, 3m, 3.5m, 6m and
10m for proposed foundation depths of 1m, 2m and 3m
below normal ground level for an allowable settlement of
25mm, 40mm and 60mm. The backup calculation shall be
appended in the report.

(f) Ultimate settlement from consolidation properties and time
for 90% settlement shall be determined, immediate
settlement and bearing capacities from SCPT shall also be
recommended (as per minutes of 1st meeting held among
IOCL (AOD), EIL and RRL-J on 22 & 23 August, 1989
at Digboi).

(g) Recommended type of piles, size and pile capacities in
vertical, lateral and pullout based on soil parameters if
piling is considered necessary.

(h) Comments on chemical nature of ground water and soil
with due regard to its potential ill-effects on concrete and
steel and firm recommendation on protective measures.
Also remedial measures for sulphate attack due to acidity
shall be dealt in detail giving clear practical
recommendations.

(i) Recommendations regarding design and construction of
roads and other paved structures and also suitability of
soil for back filling foundation;

(j) Recommended laboratory CBR values for filled up soil and
field CBR values for both soaked and unsoaked
conditions. The compaction characteristics of soil
proposed to be used for filling below road pavements and
back filling of foundations have to be furnished.

(k) Recommendation related to site preparation including,
classification, placement and compaction of fill materials
required to bring the general site level to final grade level
if so required. Recommendations regarding excavation,
stabled slopes for excavation, dewatering and method of
dewatering if warranted.

(1) Recommendation regarding co-efficient of permeability of
various subsoil strata based on laboratory and in-situ
permeability test.

(m) All field and laboratory test results plotted against depth
as wall as in tabular form.

(n) Tank settlements both at centre and periphery are to be
computed. If the soil investigation calls for ground
improvement in view of the above requirements,
suggestion regarding method of ground improvement
should be furnished in the reports.

(0) A preliminary examination regarding susceptibility of Sub-
soil strata to liquefaction in the event of earthquake.

(p) Comments on chemical nature of ground water and soil
with regard to their effect on concrete and steel.



RESULTS OF FIELD AND LABORATORY TESTS

Result of Various investigations in General

Boreholes and Other Tests. The whole investigations include
44 numbers (nos.) of boreholes, 16 nos. of SCPT, 16 nos. of
DCPT, 7 nos. of field vane shear test, 4 nos. of field CBR test,
2 nos. of field permeability tests, 2 Block vibration tests and
electric resistivity tests were carriedout as per relevant IS:
codes of practices to ascertain the geotechnical soundness of
the proposed DRMP site along with SPT in each boreholes

1661

upto depth of refusal. Laboratory investigations cover almost
all possible tests. Recommendations cover all forms of
requirements of the designers. It is not possible to present all
the tests result and recommended values with suggestions here
in this paper. Hence, representative values of various tests
results were prepared and are given in tabular form in Table 1
for comprehensive understanding of the geotechnical sounding
of the then proposed DRMP site.

CBR-Value Tests: Similarly, Table 2 gives an account of the
comparison of field and laboratory CBR values.

Table 1. Geotechnical properties of some Borehole locations (Phase —I1, only) of DRMP site
2 = Grain size analysis (By Sieve | , <h NVl x 5
@ = 2 & Hydrometer analysis) = ear ‘N-Value’ | E°Z
2| Borehole (H) % PN 5 sizein mm | Contentin% | S ~ Oedomgter parameters | from SPT E S5 5
@ | wi ; o 5cl>8 =30 Consolid- |z @8
2| wise location | 2 8|2 T|£ L . : =] - from (Excluding [g 5 © §
= ; E3|2.|2E| p.c. passing Particle AR ation jaxial S 2Es
C| &Depth(in | § 219 =5 S5 throughsieve | Content | = = | Properties Triaxia - |Z2£E8B
2| metre)of |&5|E 2|2 = 58 Quick test | correction) | § <%
o| undisturbed | BG [T 8|3 wl sl o| =|sv8& S S E
Z| soilsamples |8 |ZE2TIRI8|5 |5l &| g% = MRV R E
= =] S S || S| O | o 5|vlo| CIN | & in or|8 g o
&% g 2 > Ce [x10®°| 2| e correc| < 4| 2 =<
m L = cmymin| Min [<9/C degree ted ecte 25

Borehole (H-1)

porencle ) | 2561 22| 197|100 98 75 |28 56 16 | MI (055 534 200025 150 | - - | 60UNY
Borehole (H-7 o ) i i i ) i
5> at 1.65-1.95 2.620 27[195|100 85 50 CL 034 44
3.at4.65-5.10 2580 31(195|100 89 69 |29 53 18 | CL |0.230 4.51 2.05/ 048 0.0 10 6 5.5 t/m2
4.at7.65-7.95 2600 241198|82 59 13| - - - CL - - - 1008 270 7 11
5.at13.65-14.15| 2.680] 19|2.14|100 98 49 |30 57 13 | CL |0.089 87.0 250{ 0.38 14.0 | 17 22
Borehole (H-10) o ) i i i ) i

6. at 1.60-2.05 2.630 33198100 96 72 Cl 0.22 105
7.at3.20 - 3.65 2610 31|200(100 97 75 |18 59 23 Cl ]0.228 4.78 3.15/ 0.33 7.5 11 6 4.0 t/m?
8.6.16 — 6.60 2.600f 25[198 (100 99 97 | - - - Cl - - - 1030 80 8 8
9.at9.25-9.70 2570 221199100 98 87 | - - - ML - - - 1016 280 | 18 23
Borehole (H-17) o . ) ) ) ) )
10. at 1.50-1.95 2.600] 361|192 |100 98 76 CL 017 3.0
11.at455-5.00 | 2570 22198100 99 96 | - - - SM - - - 1000 315 | 12 11 | 4.0t/m?
12.at750-7.80 | 2.640f 26|1.96|100 84 71| 3 93 4 Ml |0.136 4.74 1.32| 0.44 5.0 15 19
13.at10.60-110 | 2590 2019993 81 20| - - - MI ]0.187 551 2.70) 0.00 342 | 27 37
Borehole (H-21)
14. at 6.55-7.00 2610 2321699 93 78 | 0 93 7 ML ]0.273 3.65 3.16| 0.50 8.0 12 15 6.0 thm?
15.at12.05-12.50| 2.630{ 24199100 97 94 | - - - Cl ]0.228 7.73 1.23| 0.57 6.5 17 30
Borehole (H-24)
16. at 4.25-4 60 2630 40(190(100 90 63 |1 97 2 Cl ]0.239 11.4 1.30| 0.53 5.7 19 17 9.5 t/m?
17.at7.20-750 | 2.610 34|203|100 92 85 | - - - Cl ]0.174 6.85 1.85/ 0.40 0.0 17 20
Borehole (H-26)
18. at 1.85-2.30 2,600 28|192| 87 68 57 |27 65 8 CL |0.261 12.4 1.25/0.18 7.5 1 1
19.at515-560 | 2550 20|1.88(100 87 58 | - - - | ML | - - - [005 150 | 6 7 | 40um?
20.at7.55-8.00 2570 19189100 82 44 | - - - SM - - - 1000 213 | 11 13
21.at11.85-12.30 | 2.590 37(1.85|100 100 91 | 6 93 1 Cl ]0.282 9.89 1.75/ 0.11 123 | 19 25
Borehole (H-29)
22 at 1.90-2.35 2620 33194100 98 86 |22 78 O CL ]0.218 5.42 2.62| 0.25 6.0 10 7 4.0 t?
23.at4.20-450 | 2560 24|200|100 98 28 | - - - SM - - - 1000 264 | 9 13
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Table 2. Represents field and laboratory CBR - value with
Proctor’s densities

Location [Type|  Laboratory Test Results |

of tests | of |OMC|MDD| CBR-Values Fif;;jugsi?'
(Asper |SUb | in | in [4-days| Un- depth (in m)
Fig.1) [soil | 9% |gm/cd soaked | soaked

1.CBR-1| CI | 17 |1.65 6 8 16235at
2.CBR2| CI | 15 |162| 7 g | Lo
3.cBR3| Cl | 17 |153| 5 | 8 | 20X
4.CBR-4|MI | 17 |166| 3 g | Lo

Chemical Tests: Results of chemical test of soil and water
samples are another aspect of the investigation. Value varies
extensively w.r.t their locations. The reasons for such variation
may be the DRMP site is closed to existing refinery which
runs for about 80 — 90 years before investigations. Table 3 and

Table 4 give such values respectively.

Table 3. Result of the Chemical analysis of Soil samples of

DRMP site

Constituent determined

Location of soil sample marked as

(in percentage (%) |B-5 at|B-8 at| B-8 at [H-18 at|H-22 at
basis) 10.7m|14.7m| 21.6m | 4.65m | 10.7m
1. Moisture content 1.15 210 350 301 443
2. Loss of Ignition 3.10 430 5.10 510 6.25
3. Organic matters 8.10 410 235 020 0.51
4. Crude oil & Wax 280 150 050 0.07 0.02
5. Water soluble salt 0.20 021 035 0.20 0.32
6. Silica as SiO, 58.50 67.10 65.50 66.30 60.72
7. Total lIronas Fe,O; |3.85 550 450 1250 6.30
8. Aluminium as Al,O; [16.10 11,50 13.50 11.65 18.10
9. Calcium as CaO 050 035 065 050 1.32
10. Magnesium as MgO| 0.75 0.41 | 0.90 0.20 0.90

1662

Table 4. Result of the Chemical analysis of water samples of

DRMP site
Constituent determined Location of water sample in
BH-2] BH-3 [BH-6] B-1 | B-9
1. pH values 7.72 7.63 851 9.93 8.30
2. Turbidity on silica 800 5600 320 850 6.10
scale as SiO, (in ppm) | ' ' ' '
3. Total solid (in ppm) [84.00 7759.0 485'0 755'0 210.0
4.Phenolpthalein alkali-| . .
nity as CaCOj (in ppm) Nil Nil  20.00 85.00 25.00
5.Methyl orange alkali- 105.0 132.0
nity as CaCOy (in ppm) | 1700 2000 o "g 8.00
6. Calcium as Ca 6.84 532 55.48 48.00 21.00
(in ppm)
7. Magnesium as 137 092 321 28.00 15.00
(in ppm)
8. Total hardness as 180.6 211.0
CaCOs (in ppm) 45,50 102.00 5 0 215.0
9. Iron content as Fe
. 230 4230 4.80 2.00 1.50
(in ppm)
10. Sulphuras SOs |55 09 Not  Not 15.50 12.00
(in ppm)

11. Chloride (inppm) |2.80 4.80 9.80 3.50 2.10
12. Specific electrical i 856.0 1240
conductance(in Mhos) 0 '
Settlements for Tank foundation. In the investigation,

calculation and estimation of the oil storage tanks of different
sizes bears another aspect of the total efforts. In the tank

location subsoil encounte
which the immediate i.e.

rs are mostly soft or loose layers for
quick settlements reveals very high

grade of settlements. Since all the foundations of tanks are
RCC, hence, it demands minimum differential settlements.

The estimated values of
of tanks are presented in t

differential settlements for all forms
abular form in Table 5.

Table 5. Differential settlement of Circular Oil Storage Tanks in DRMP site

Description of Oil Storage Tanks Calculated Settlement_of Tank base and edge (in  |Differential

millimeters) settlement

Load |Diameter| Consolidation Immediate Total settlement | in term of

Located by Boreholes . : : .

Marked as & SCPT intensity |of tank in|  at at at at t Cent at radius of
int/m® | (metre) |Centre Edge | Centre | Edge atLentre Edge Tank
Tank-1 H-24 & SCPT-1 16 18¢ |273.1 721 | 90.94 4398 | 354.04 116.08| 1/36.3
Tank-2 | H-25 & SCPT-2&3 16 18¢ |3254 919 | 9090 4398 | 416.34 135.88| 1/32.1
Tank-3 | H-25 & SCPT-3&4 16 18 ¢ |524.9 148.8|22542 89.49 | 750.32 238.29| 1/17.6
Tank-4 H-10 & SCPT-11 16 18¢ |231.1 57.8 | 344.10 19540 | 575.20 253.20| 1/27.9
Tank-5 H-11 & SCPT-11 16 18 ¢ |384.1 127.0|344.10 19540 | 728.20 322.40| 1/22.2
Tank-6&7 |H-3, B-5 & SCPT-15 13 15¢ |3759 1145|568.13 239.64 | 944.03 354.14| 1/12.7
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Table 6. List of net SBC recommended for isolated footings for some unit areas of structures within DRMP site

S Boreholes and | Depth |  Sizes of Net SBC (in t/m?) for
< | Areaof Structures & Remarks on investigation other tests [of Foot-|  Square limited settlement of
g carried out | ing at footing |25 mm |40 mm |60 mm
Imx1m 5.5 6.0 8.5
Filter water reservoir unit: im 3mx3m 4.0 5.0 6.0
Remarks: The site shows differential settlement. 6m x 6m - - 25
1 Subsoil near H-1 is better & denser than that near H-1 & H-2 10m x 10m - - -

" | H-2. Due to presence of 2.5m thick soil layer Imx1m 7.0 8.5 10.0
carrying oily and undecomposed materials the SBC om 3mx3m 35 5.0 7.5
reduces 6m x 6m - - -

10m x 10m - - -
V.D.U and C.D.U. unit: Imx1m 5.0 6.0 75
Remarks: This unit site will be founded on a quit im 3m x 3m 2.8 4.0 6.0
uneven and marshy land in present state. Despite 6m x 6m 1.3 2.0 3.0
having the area covered by SCPT-5,6 & 7 isonthe | H-21, H-22, 10m x 10m - 1.3 2.0
slope of a hillock. Areas near H-21, 22 and 23; and | H-23, B-2, Imx1m 6.0 7.5 8.0
DCPT-3 & 4 are on the ridge of marshy & sludgy, BH-1, 2 3mx3m 2.8 4.5 6.5
2. | the subsoil condition is quite stiffer and denser | SCPT-5, 6 m 6m x 6m 1.3 2.0 3.0
except the surface condition of DCPT-3&4. The & 7 and 10m x 10m - 1.3 2.0
depth of surface water was found 650 mm above | DCPT-3&4. 1mxim 7.0 8.0 95
NGL and the maximum thickness of very soft layer 3m x 3m 3.0 4.6 7.0
of silty soil were found 1350 mm. The area shows 3m 6m x 6m 1.3 2.0 3.0
differential settlement. 10m x 10m - 1.3 20

Table 7. List of bearing capacities and type of pile foundations
for some unit of DRMP site.

Capacities of Piles in Tonnes
Sl. No. and Safe Load from shear | (From SCPT
Area of structural unit parameters point
along with various field In | | resistance)
tests covered Compre- n Shn Safe load in
ssion | cnstonjshear compression
For 6.0 m long — 400 mm dia. Under reamed Pile
1. Filter water reservoir
Unit: 29.75 135 33 55.0
(H-1, H-2 & SCPT-15)
2. Fire station unit: (H-14) 2871 135 33
3. F.W. Pump House unit:
(BH10 & SCPT — 12) 2270 135 33 43.0
4. Utility sub-station:
(BH-11 & SCPT-14) 29.20 135 33 54.0
5. VDU & CDU Unit:
(H-21, 22 & 23; and 28.70 135 33 51.0
SCPT-5,6&7)
6. Pipe track area: (H-26, 27,
28 & 29: and SCPT - 7) 2871 135 33 53.0
For 15 m long — 450 mm dia. Bored pile
7. Compressor station:
(H-12 & 13; and SCPT_10) | 1020 210 40 128.0
8. Control room complex:
(H-15 and SCPT -10). 1000 210 40 128.0
9. VDU & CDU Unit:
(H-21, 22 & 23; and 100.0 210 4.0 113.0
SCPT-5,6&7).
10. Pipe track area: (H-26, 27,
28 & 29 and SCPT _ 7. 1000 210 40 113.0
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Estimation of SBC and Recommendation. On the other hand,
the estimation of net SBC for shallow foundations where ever
demands by the then proposed structures, were calculated unit
area wise based on field and laboratory investigation data at
par guidance of the relevant IS: codes of practices. For
instances, Table 6 is giving such values of recommended SBC.
It is evident that SBC values reveal poor to very poor
magnitudes. Similarly, Table 7 gives the list of various pile
capacities of different kinds of piles.

Dynamic Properties from Block Vibration Test. On the other
hand, the dynamic properties of the subsoil in particular
specified locations of DRMP site depicting another picture of
the general geotechnical aspects as well as dynamic aspect of
subsoil.

It was observed and found that the layers of silty-sand situated
closer to the foundation level of a structure provides more
damping effect than that of non-existence. Table 8, Table 9
and Table 10 give an account of this aspect [Bayan & Kalita,
1992].

PROBLEMS IDENTIFIED AND THEIR SOLUTIONS

Pertaining to the total geotechnical investigations carried out
through 3 phases to estimate the geotechnical sounding of the
then proposed DRMP site, it identified many problems which
were evidencing by the field and laboratory test results
reported in details in the original geotechnical investigation
report for DRMP [Bayan, at el, 1990]. Of many, followings



are countable:

Bearing capacities and settlements. The whole DRMP
site bears poor to weak safe bearing capacities. Table 6
evidences some examples. For simple light structures
improvement of SBC was done by soil replacement and
mechanical compaction. But for heavily loaded structures
like VDU, CDU, etc. piling were constructed. Table 7
gives an account of the capacities of two different pilings
based on the shear parameters and SCPT results. Pile
foundations were provided as suggested for almost all
kinds of medium to heavy loaded structures but with a
little variation. The variation is in the type of piling.
Instead of bored in-situ-caste piling, power driven in-situ
casting piles with steel casing were installed upto required
depth. Such variation was made to take care of those areas
where the site is susceptible to liquefaction due to high
earthquake (Appendix). On the other hand, to reduce the
differential settlements in tanks area (Table 5), soil
replacement and simple mechanical compaction were
adopted with normal type of tank foundation, which is
differ from that kind of building foundation.

Seismicity and dynamic liquefactions: Traces of old
liquefaction were recognised by SPT in some boreholes
during investigation in closer to H-19 and SCPT — 8 of
DRMP site. About 2.0m free fall of SPT pipe was
recorded by me on the spot during 1991, which carries
evidence of existence of void (i.e. cave) created by
dynamic liquefaction due to old earthquakes underneath
the surface at about 8.8m depth. The evidence has closer
acceptance by SPT values of H-19 and observed values of
SCPT - 8. Figure 4 shows the part of the SCPT — 8 of
DRMP site. Hence, evaluation of seismicity and ground
acceleration of DRMP site is an important aspect which is
given in Appendix in brief.

“orrecled value kglon

Depth below

oL (m)

Figure 4. Static cone penetration test result for SCPT — 8

(Termination depth 15.4 m)
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Table 8. Elastic properties of subsoil DRMP site from vertical
Resonance Test

Coefficient | Coefficient .
Natural of elastic of elastic  [Pamping

frequency Uniform  Non-Uniform co-

Compression Compression |efficient

C, inkg/em® C, in kgiem?® of soil

Eccentricity
Setting ‘0’
In degree| f,,incps

For Location-1 (Result from Vertical Resonance Test:

40 39 17.960 18.094 0.636

104 39 17.960 18.094 0.705

140 39 17.960 18.094 0.760
For Location-2 (Result from Vertical Resonance Test:

40 38 17.046 17.172 0.605

104 38 17.046 17.172 0.816

140 40 18.888 19.028 0.537

Table 9. Elastic properties of subsoil DRMP site from
horizontal Resonance Test

Second Coefficient Coefficient
Eccentricity higher of elastic of elastic
Setting ‘9| Natural Uniform Non-Unifqrm
in degree| frequency _Shear Compressmn
f _incps C,in kg/cm® C,in kglcm®
For Location-1 (Result from Horizontal Resonance Test:
40 26 1.196 2.408
104 25 1.106 2.228
140 30 1.593 3.207
For Location-2 (Result from Horizontal Resonance Test:
40 26 1.196 2.408
104 25 1.106 2.228
140 30 1.593 3.207

Table 10. Elastic properties used for Dynamic computation

For 10 Sgq.m

Eccentric Properties base area For (6.45x3.6=)

23.22 Sg.m base

(Coefficient of) Eg/lé/ nl*1r3] area in kglcm®
Elastic Uniform
Compression 6.024 1.3988 x 10*
c, inkg/em®

Elastic Non-Uniform 4
Compression c, in kg/cm? 18.094 4.2014 x 10

Coefficient of elastic
Uniform Shear C, in 0.371 8.615 x 104
kglem®

e Chemical test of soil and water. It is ascertained from the

results of tests (Table 3 & 4) that the DRMP site bears
higher pH values, which indicates more acidic action of
water and soil. Hence it may cause harm to concrete as
well as in reinforcing steel bars of RCC. As a solution to
such chemical problem, lime was added round the




foundation trenches to neutralise the high value of acidic
subsoil during development of the DRMP.

OBSERVATIONS

During and after the construction of various substructures of
DRMP units, followings have been observed:

e During leveling uneven ground of the then proposed
DRMP by cutting down the hillocks (Fig. 3.b), all kinds
of marshy land, soil layers with decomposed,
undecomposed vegetation and oily substances have been
removed and filled up with good soil reveals from the
uphill ground.

e All forms of pile foundations are power driven in-situ-
caste pile with steel casing with recommended values.

e Foundation trenches were well treated by lime.

e No great earthquake has rocked the DRMP site during
and after development of DRMP till date with estimated
magnitude of 7.5 M Richter or more. Hence, foundation
tilting or subsidences is not found reveal till date.

e It is expected that all the foundation of each unit of
present DRMP (Fig. 2) will behave well with expected
high earthquake of magnitude closer to M 8.6 Richter
(Appendix).

e Tank foundations are behaving uniformly revealing no
differential settlement till date.

CONCLUSIONS

With the results of wvery high grade and meticulous
geotechnical investigations the then proposed DRMP site was
developed with modern techniques. Hence, the present study
may reveal the following conclusions:

1. It was a challenging job for geotechnical as well as design
engineers to develop DRMP in such a site having subsoil
comprises hillocks of laterite soil, plain ground dumping
with 100 years fully run refinery wastage materials
including decomposed and un-decomposed vegetations,
fully marshy land of organic matters bearing surface
water of 1.5m to 2.0 m depth. Hence, 3phase geotechnical
investigations were made to identify the weaknesses..

2. It was also a special challenging job for civil engineers to
develop DRMP in a site having fully susceptible to
liquefaction with existing voids and caves underneath the
subsoil created by old earthquakes, that situated in a very
high seismic zone (Zone V of IS:code of practices) with
component of horizontal ground acceleration is 0.10g.

3. All constructions of substructures were built as per
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suggestion of remedial measures with modern tools and
technology. Hence, it is expected that there will not occur
any breach of foundation in future.
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APPENDIX

Geology and Seismicity Around Digboi Refinery
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Figure A-1. Seismic Activity Map of the Digboi Oil Field
(Earthquakes considered during a period of 1906 to 1986)

Seismic Activity. North eastern region (NER) of India is

10



seismically very active and was the seat of several large
earthquakes in the past. The most important are being the 1897
(M 8.9 R), 1950 (M 8.6 R) and 1988 (M 7.2 R) earthquakes.
The proposed site also falls within the seismically active zone
of NER of India. To examine the nature of seismic activity a
list of earthquakes occurring within a radious of 200 km from
the DRMP site during a period of 1906 to 1986, were prepared
and presented accordingly. Figure A-1 represents the whole
seismic activity within this period i.e. upto 1986 data.

Considering the possible limitation of the accuracy and
completeness of records in the past of the country the list seem
to reflect the general behaviour of seismic activity. The data
set for the last 24 years (1963-86) is more or less complete and
was subjected to least square fitting, following the formula
[Gutenberg & Richter, 1963-86] as below:
LogN =a—bM Eq.A-1
where, N is the number of earthquake, M is the magnitude and

‘@> and b’ are constants. After replacing the values of
constants the formula becomes

LogN =6.703—-1.003 m, Egq.A-la

By using the above relationship, the return period for
earthquake mb = 5.0, 5.5, ..., and 7.0 were calculated and are
given in tabular form in Table A-1.

Table A-1. Estimated return period of different earthquake in
and around DRMP

Magnitude Return period
in years
5.0 0.5
5.5 15
6.0 5.0
6.5 16
7.0 50

Geology of DRMP_site. Digboi is situated on low hills
forming the northern end of the Tipam range, one of the foot
hill range of the Naga hills. The geological structure of Digboi
is characterized by sharp anticline south of the Naga thrust.
The crest of the anticline runs in WSW-ENE direction and
both the flanks having a dip of about 90° and the southern
flank shows variable dip upto the maximum of 60° (Fig A-2).
In the eastern sector the dip varies 30° — 40° (Fig A-2). The
hade of Naga thrust is 40° — 45° from the vertical. The Naga
thrust is not seen at the surface being concealed by alluvium.
Figure A-3 showing the cross section along the crest of Naga
thrust.
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GEOLOGICAL MAP OF |[THE DIGBOIl OILFIELD
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CRESTAL SECTION THRCUGH THE DIGBOI STRUCTURE

Fig. A-2. Geological Map of the Digboi Oil Field
[After Mathur and Evans, 1964]
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Fig. A-3. Sectional Map of the Digboi Oil Field through
Digboi Anticline [After Mathur and Evans, 1964]

Estimation of Ground acceleration for DRMP

In engineering design and construction seismic zone requires
consideration of resisting the maximum stress developed due
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to earthquake acceleration. Assessment can be made for
different earthquakes which may affect the site and results
used as guide for structural design criteria. Owing to the total
absence of any instrumental data on ground acceleration for
this region having DRMP site empirical formula connecting
ground acceleration, distance of source and magnitude of
earthquakes are used. For the proposed DRMP site it was
computed the ‘a’ for :

(1) An earthquake of magnitude M 8.6 R occurring about 140
km away and

(2) An earthquake of magnitude M 7.05 R occurring along
fault 80 km away from the proposed site. For calculation
the magnitude is takenas M 7.5 R.

Acceleration ‘a’ is calculated by taking the well known Assam
earthquake of 15" August 1950 (M 8.6 R) and 26" August
1950 (M 7.05 R) as references, which were occurred at an
epicentral distance (D) of 140 km and 80 km from the
proposed DRMP site respectively. Hypocentral depth below
surface for both is taken as 25 km. Thus calculation of ‘a’ with
respect to these -earthquakes using different empirical
relationships is given in tabular form in Table A-2.

(@) According to the formula proposed by Cornell the ground
acceleration ‘a’ at the site may be expressed by

Log,,a ='5 -05 - EQ.A-2

Where | =2.16+1.45M —2.45log D
here M=8.6 and 7.5, D=140 km and 80 Km

Eq.A-2.a,

The estimated acceleration according to the equation Eq. A-2
is 0.4g and 0.199 respectively (Table A-2).

Similarly, following the above data the estimated acceleration
according other well known different formulae were found out
and tabulated in tabular form which are given in Table A-2.

RECOMMENDATION FOR SEISMIC ACTIVITY

From the geo-seismic analysis of foregoing consideration the
following recommendations and observations may be made:

e The most important geological structural features are the
Naga thrust which passes north of the Digboi area.
Though no earthquakes of large magnitude occurred in
the vicinity of the proposed site along the Naga thrust,
earthquakes of high magnitude occurred in other regions
of the same thrust during the last thirty years. For
instance, M 7 Richter earthquake of 26" August 1950
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(26.8° N, 95.0°E) may be mentioned.

e Very few earthquakes of magnitude above M 5 Richter
originated from the epicentral distance of 100 km from
the DRMP site.

e The available historical records of major earthquakes in
the vicinity of the region is that of the 1950 Assam
earthquake (M 8.6 R) which originated 140 km to the
north-east of the then proposed DRMP site. According to
the isoseimal map on the MM scale, the DRMP site
appears to fall within isoseismal of VIII — IX.

e The ground acceleration ‘a’ computed for the two
reference earthquakes of M 7.5 Rand M 8.6 R are 0.12g
and 0.09g. The average value of 0.10g corresponds well
with the soil type 111 obtained for the DRMP site.

Table A-2. Estimated values of ground acceleration for the
structures of the then proposed DRMP as per various formulae

Acceleration
. at DRMP site
According to the formula proposed for For
M=8.6| M=7.5
by Cornell: Logma:l—o.s . Eq. A-2.
3 0.49 | 0.19g
Where | =2.16 +1.45M —2.45log D
by Kanai : aZIOB Eq. A-3
P
Where T, =0.25 Sec and 0-56 0.10g
B=0.61M —[1.66+%)Iog D+(0.167—%} ---Eq. A-4
by Esteva and Rosenblueth: 0.04
0.8M *
azll%el.e - Eq A5 9 0.04g
by Gutenberg, Richter and Benioff:
a=a,F,---Eq. A—6, where
loga, =—2.1+0.81M —0.027M? --- Eq. A6.a
0.06
F, =125 and by considering 9 0.06g9
Loy
Y, =77 Km and T, =0.25 Sec,
n= (1+ %.sr j: 2.6Sec
By using the Curves for ground 0.07
acceleration and distance relationship ' 0.08g
developed by Seed et al. 9
Average acceleration for use: 0'32 0.09g
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Oil Reserves and Resources

Reserves or ‘proved reserves
as they are often called mezn the

study and for ﬁgsﬂel‘gm\md stock of ¢il which

actually been discoversd.
Resources or ‘ultimate resour
ces’ refer to the {otal guantiiy of
oil, both discovered 2znd
covered, and which may be pro-
duced in the future on the bzsis
of most scientific guess possible.

There are a great number of
areas on the earth where condi-
tions seem to be particulzrly
faizourable for the occurrence of
0

The proved reserves of the land
area bordering the Gulf of Mexi-
¢co and Caribbean Sea which in-
clude parts of the United States,
are estimated to be of 28 thou-
sand million barrels. From this
area has come 40 per cent of the
oil the world has used so far.

Another great petroleum regi-
on lies in the Middle East
bordering the eastern end of the
Mediterranean Sea, the Caspian,
Red and Black Seas and the Per-
sian Gulf. Here are the rich
deposits of Iran, Iraqg, Saudi
Arabia, South Western Russia,
and Kuwait.

H It has been estimated that the
Middle East has proved reserves
of some 75 thousand million bar-
rels. Commercial production from
oil deposits in Iran began in 1908,
Irag in 1934, and Saudi Arabia
in 1940. This region has shown
| itself to be perhaps the world’s
greatest storehouse of petroleum.

There is another petroleum
Australis snd made up of the is-
lands of the East Indies. The
chief fields #re on Sumatzra, Java
serves Of over Two (Do

In addition to these areas there
are other oil regions of varying.
importance scattered throughout
the world.

Discoveries of new fields have
constantly added to the proved re-
serves of the world. Some of the

known reserves are found to be
larger than first supposed.
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