
BEFORE THE HON'BLE NATIONAL GREEN TR[BUNAL SOUTHERN ZONAL
BENCH CHENNA

O.A.No. 176 of 2013 (~Z)

(earlier O.A. No. 562 of 20 8 (PB»

IN THE MATTER OF:

V.P. Krishnamoorthy ...Applicant

Vs.

Union of Inida & Ors. ...Respondents

STATUS REPORT AND DOCUMENTS FILED BY THE 6TH RESPONDENT

S.No. Date Particulars Pg.No.
1. 23.08.2021 Status report filed by the 6th Respondent 1
2. April 2021

Water Supply Report of Metro Vater 8
- July 2021

3.
15.04.2021

Detailed Site Assessment Repor PostCMRL 12
Excavation - 2021

4. 01.08.2021 Letter sent by lIT, Madras to the 6th Respondent 44
5. Letter sent by Central Pollution Control Board

03.08.2021 Regional Directorate - Chennai o the 6th 47
Respondent

6.
05.08.2021

Letter sent by the 6th Responder t to Tamil Nadu
49

Pollution Control Board
7.

06.08.2021
Letter sent by the 6th Responden t to Central

50
Pollution Control Board

8.
12.08.2021

Letter enclosing documents sen by ICMR to Tamil
54

Nadu Pollution Control Board
9. Letter sent by Tamil Nadu Pollt tion Control Board

6313.08.2021
to the 6th Respondent.

Dated at Chennai on this the 23rd day of f\ugust, 2021

~RAlAA ~UBBRAMANIAMI ASSOOATES--

s~s!A~tJ,ir}'1TCOU~
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BEFORE THE HON/BLE NATIONAL (~REEN TRIBUNAL

SOUTHERN ZONAL BENCH CHENNAI

O.A.No.176 of 2013 (stz;)
(earlier O.A.No.562 of 201 s (PB»

IN THE MATTER OF:

V.P. Krishnamoorthy .. Applicant

vs.

Union of India & Ors. .. Respondents

STATUS REPORT FILED BY BHARAT PETROLE JM CORPORATION LIMITED
IN COMPLIANCE OF THE ORDER DATED '7.05.2021 OF THE HON/BLE
NATIONAL GREEN TRIBUNAL.

The 6th Respondent (Bharat Petroleum Corporation Li nited - BPCL) humbly submits as
follows:

1. By Order dated 27.05.2021, this Hon'ble Tribunal accepted the recommendations
of CPCB in their Reply Affidavit dated 19.06.20 0 and directed BPCL:

a. to carry out detailed site investigation and risk investigation study to
evolve Site Specific Target Levels (3STLs) for remediation of oil
contaminated site at Tondiarpet, Chenna ; and

b. to augment SVE system by connecting c s many wells as possible and by
operating both the SVE system simultane ously to optimal extraction rate.

2. Thereafter, CPCB issued letter dated 03.08.202 whereby BPCL was directed to
submit compliance report in respect of followir g four items (which includes the
two items mentioned in paragraph 1 above).

a. As per the action plan decided in joint tneeting at the highest level held
under the chairmanship of Chairman, crcs at Chennai on March 01,
2019, upon completion of CMRL soil excavation works, M/s.BPCL to
submit a Detailed Project Report (DPR) for revised remediation scheme
based on re-assessment of site along wit} the specific target levels (SSTLs)
for remediation based on human health r sk assessment.

b. Installation of Soil Gas Probes to Monitor VOCs in Vadose Zone of Subsoil
at 3 locations in affected area, whid shall become part of revised
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~. ~ ~ ~ d. Steps taken to entrust the health impact study to ICMR.

~ In response, by letter dated 06.08.2021, BPCL irovided its response to the four
co - ::J (TJ

:-'- ~ 5 items suggested by CPCB. Further, by letter dated 05.08.2021, BPCL submitted
p.. rJl. the Detailed Project Report (DPR) prepared by 3PCL's consultant namely Stratus

remediation scheme.

c. Augmentation of SVE system by conne cting all available wells to both
SVE system and to operate both SVE s zstems continuously to optimize
soil vapor extraction.
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International Inc. along w th the Review of the DPR conducted by Dr. Indumathi
M. Nambi, Ph.D., Profess r, lIT, Madras, who had earlier reviewed the detailed
site assessment report' the year 2015 and had been involved with the
Tondiarpet contaminated ite since the incident happened in the year 2013.

DIRECTIONS BY CPCB

4. As mentioned above, CP B by its letter dated 03.08.2021 had suggested four
items which includes th two items contained in the Reply Affidavit dated
19.06.2020filed by CPCB The four items and BPCL's response to the same as
informed to CBCP vide B CL's letter dated 06.08.2021are extracted below:

"i.As per the action plan ecided in joint meeting at the highest level held under
the chairmanship of Ch irman, CPCB at Chennai on March 01, 2019, upon
completion of CMRL soi excavation works, Mis BPCL to submit a Detailed
Project Report (DPR) for revised remediation scheme based on re-assessment of
site along with site spe ific target levels (SSTLs) for remediation based on
human health risk assess

We have already forwarded he Detailed Project Report (DPR) vetted by lIT, Madras as
per reference nO.TNP: OPs: 71CON dated 05.08.2021.

As per the direction of the CPCB and TNPCB, BPCL's consultant
Stratuslinuironmenuu.lnc.t tratus),conductedanenvironmentalsiteinvestigation between
February and March 2021t reassess the extent of petroleum hydrocarbon impact to soil
and groundwater post CMRL excavation activity, and
reinstalledmonitoringborew lls(replacementojwellslostduetoCMRLactivity)to evaluate
the lateral extent of impact t groundwater,

Stratus has prepared a Det 'led Project Report (DPR) to present the findings of the site
assessment conducted at th Bharai Petroleum Corporation Limited (V. P Koil Street -
T.H Main Road) Petroleum ontaminated Site, Tondiarpet, Chennai.

Based on the DPR, Stratus oes not recommend a revised remediation scheme for the site.
Given the presence of resid tal petroleum hydrocarbon mass between 25 to 35 feet bgs,
Stratus recommended addit 'on of more wells to SVE systems for soil vapor extraction,
Stratus recommended conn cting newly installed wells 26A, located in the alley, and
well MW-25A, located in evi Polymer property to the SVE-2, and SVE-1 respectively,
Stratus in the DPR state t t continued operation of SVE and AS would be adequate to
remediate the residual mass 'n soil and groundwater.

ii. Installation of Soil Ga Probes to Monitor VOCs in Vadose zone of Subsoil at
3 locations in affected rea, which shall become part of revised remediation
scheme.

Given the low concentratio in the influent air samples of the SVE system, we do not
believe soil gas probes inst llation would be necessary at this point. However, if CRCB
insists, we will direct Strati s to install the soiLgas probes.

iii. Augmentation of S system by connecting all available wells to both SVE
system and to operate b th SVE system continuously to optimize soil vapour
extraction. "
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As per the direction of the CPCB and TN PCB, BPCL's consultant Stratus
Environmental Inc. (Stratus), have been focusing on extraction of petroleum hydrocarbon
vapours from wells available for remediation activ ty in and around CMRL work area
and in contaminated areas.

SVE SYSTEM OPERATION

Stratus is currently operating two SVE systems to mitigate petroleum hydrocarbon
impact on the subsurface near VPK Street and TH °oad, Tondiarpet, Chennai. The SVE
-1 system consists of 10 HP extraction blower & SVE -2system consists of a 20 HP
Liquid ring vacuum pump used to extract petro eum hydrocarbon vapors from the
contaminated area using vapor extraction wells. 1he extracted vapors are abated in a
catalytic oxidizer & thermal oxidizer rated at 250 (CFM) and 500 (CFM) in systems
SVE-l and SVE-2, respectively.

In May 2019, Stratus completed the installation of remediation (SVE-2a, SVE-3a) and
1 air sparge (AS-3a) wells in earmarked locations al ng T.H main road to compensate for
those lost due to CMRL activity (see attached FigHe) and these wells are connected to
SVE unit-L. In November 2019, Stratus completed tl1e installation of 2 remediation wells
(SVE-ll, and SVE-12) which are shown on figure ~. Stratus completed the construction
activity to connect the remediation wells (SVE -1, 1, 12 & MW - 2A, 4A) to the SVE
unit-2. In March 2021, Stratus completed the insia lation of 2 remediation wells (MW-
25A, and MW-26A) and 1 air sparge well (ASB- ) which are shown in the attached
figure. In June 2021, Stratus connected the remec iation wells (MW- 26A, ASB-l &
DBAS-l) to the SVE unit-2.

Stratus began operating the SVE -1 system in M y 2016 and SVE-2 beginning 13th
January 2020. SVE-l is operated 24-hours a day dnd SVE -2 is being operated for 12
hours since 10th June 2020.

SVE unit 1is connected to remediation wells listed t elow.

Operational statusWell ID
SVE - 2A, 3A, 4, 5, 7, 8, 9 & MW - Currently ir operation
16A

SVE unit 2 is connected to remediation wells listed llplow

Well ID Ope ational status
MW - 2A, 4A, 26A, SVE- 1, 11, 12 Cur pntly in operation

AIR SPARGING UNIT OPERATION

Air Sparging unit-l is currently operated at SVE Unit-2 and connected to AS wells
listed below.

Well ID Operational status
AS -6, ASB-l Currently i1 operation

Currently n 1t in operationAS -2, DBAS-l

iv. Steps taken to entrust the health impact stu lly to ICMR
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We are ready to go ahead w th the health impact study at any moment direction to that
effect is received from CPCl and TNPCB. As per the minutes of meeting conducted on
23.04.2021 through VC wit officials of CPCB, TNPCB and ICMR ,the following is the
latest status in this regard.

II ICMR officials informed that Human Ethics Committee of ICMR has suggested
carrying out the health haurd study after the COVID - 19 situation in view of the data
collection like blood and ur ne samples from the affected people in the oil contaminated
place at Tondiarpet will not eflect the accurate information.

In the meeting it was conch ded that ICMR shall furnish a detailed report obtained from
National Institute of Epiden iology containing proposal of health hazard study at affected
place of Tondiarpet with infi rmation of proposed date of start of the study, time duration
along with cost estimation, release of fund for study etc. to CPCB & TNPCB so as to
proceed further in this regar ~as per Hon'ble court order. II

Again as per the letter no. l' IEIDITNPCBI21115 dated 12th May 2021 addressed to The
Member Secretary, TNPC 2, ICMR clarified that their Institutional Human Ethics
Committee ( IHEC) has app oved the study in principle and suggested that the initiation
of the st'udy may be postpon d till COVID 19 pandemic subsides.

We are yet to get any direction in this regard from CPCB & TNPCB or ICMR. "

STATUS OF REMEDIATION j CTIVITIES

5. The executive summary of the assessment studies and remedial activities of
petroleum contaminated ite from 2015 to 2021 is provided below.

201S Site Assessment - I<ev Findinsrs

Residual Hvdrocarbonl\ ass

• Based on the Soil am lytical data, Stratus has calculated that approximately,
32,797.61 kg of residual TPH is still remaining in the soil in 2015.

• Based on the Groundwater analytical data the residual mass of TPH in
groundwater is estime ted to be approximately 1,380.97kg in2015.

• Cumulatively, 34,178.p7 kg of residual TPH is estimated to be present in soil
and groundwater in 2)15 at the petroleum contaminated site.

Estimated Mass of TP H Estimated Mass of
present in Soil Surfa e (TPH) present In

(2015) Groundwater (2015)
(Kg) (Kg)

Cumulative TPH Mass
present In Soil and
Groundwater(2015) (Kg)

1,380.97 34,178.57

Remedial Activities

SVE Systems Operation

• SVE system 1 has 01 era ted for 34,311 hours since 20th May 2016 and SVE
system 2 operated for 3,581 hours since 13th January 2020 as of June 2021.



• The SVE -1 unit has extracted approx. 1: ,058.05 Kilograms of petroleum
hydrocarbons (TPH), as of June 2021.

• The SVE -2unit has extracted approx. 1887.94 Kilograms of petroleum
hydrocarbons (TPH), as of June 2021.

• Total amount of petroleum hydrocarbon. vapor extracted beneath the
subsurface soil through SVE 1 & 2 was Estimated an amount of 16,945.99
Kilograms (approximately) as of June 2021.

Estimated Mass of TPH
Extracted by SVE-1
(May 2016) - June 2021)
(Kg)

Estimated Mass (J ~ TPH
Extracted by SVE 2
(January 2020) - June
2021)
(Kg)

Cumulative Mass of TPH
extracted by SVE- 1 &
SVE-2(June 2021) (Kg)

1,887.9415,058.05 16,945.99

Free Product Recovery (Socks Absorbent)

• Free product was not observed or identifie d in any of the existing or newly
installed monitoring wells and borings dur ng the 2021 site assessment. Free
product removed through absorbent socks rom 2015 - 2021 was calculated to
an amount of 69.093 Kg in the petroleum co htaminated site from 2015- 2021.

CMRL Excavation Activity

• TPH mass removed by CMRL activity in the contaminated zone was
4,849.137 Kilograms (approximately) from 2b18- 2019.

2021 Site Assessment - Key Findings

Residual Hydrocarbon Mass

• Based on the Soil analytical data, Stratus 1:1 as calculated that approximately,
1053.93 kg of residual TPH is still remaining in the soil in March 2021, in
comparison to estimated mass of 32,797.611 g of TPH in 2015.

• Based on the Groundwater analytical data he residual mass in ground water
is estimated to be approximately 2.11kg in ~arch 2021, compared to 1,380.97
kg of TPH estimated in 2015.

• Cumulatively, 1,056.043 kg of residual TPf is estimated to be present in soil
and groundwater in March, 2021 at the petr bleum contaminated site.

Estimated Mass of TPH Estimated Mas of
present in Soil Surface (TPH) present in
(2021) Groundwater (2021)
(Kg) (Kg)

Cumulative TPH Mass
present in Soil and
Groundwater(2021) (Kg)

2.111,053.93

Mass Balance Summary of TPH from 2015 - 2( 21

1,056.043

• Below table summarize the total TPH mass estimated in 2015 assessment,
Mass removed by SVE units and absorben socks, Mass removed by CMRL
activity and unaccounted mass removed bv SVE units during the high slug
movement into the treatment system till 1 ebruary 2021 and the remaining
mass present at site in March2021.

5



6
Mass Removed by

Initial Mass Mass Mass SVE units
TPH Removed by Remox ed Removed (Unaccounted)/ TPH Mass
Mass SVE 1 & 2 by Socks by CMRL Natural Remaining
(2015) (May, 2016- (2015-' 020) (2018-2019) Attenuation factors (March,
(Kg) Feb, 2021) (Kg) (Kg) (Kg) (Kg) 2021) (Kg)

34,178.57 16,739.58 69.093 4,849.137 11,464.717 1056.043

• The total TPH mass removed till February 2021 is estimated to be
33,122.527Kgs (SVE l nits -16,739.58 kg, Socks Absorbent - 69.093 kg,
unaccounted mass re noved by SVE units/ Natural Attenuation factors-
11,464.717 kg and CMRJ....remediated soil- 4849.137 kg).

• The reduction is calculated to be 96.91% of the total mass estimated in 2015
(34,178.57 kg).

Future Plan of Action

• Installation and comm ssioning of second air sparge system in SVE Unit-
1.

• Connect AS-4,5,7,3a end SVE-8 (dual purpose) to second air sparge
system in SVE Unit-1.

• Connect MW-25A to S JE Unit -1 for soil vapors extraction.
• Stratus will focus on Extraction of petroleum hydrocarbon vapors from

wells available for rerr ediation activity in and around CMRL work area
and in contaminated areas. Stratus will also collect data to evaluate
system performance ar d estimate mass removed.

SUPPL Y OF WATER BY BPCL

6. BPCL has been supplying 18,000 ltrs. of water through metro water on a daily
basis. This is evidenced f om the water supply report of Chennai Metro water
for the months of April to uly 2021.

HEALTH STUDY BY ICMR

7. In respect of the health study to be conducted by ICMR, by letter dated
12.05.2021, ICMR informer TNPCB that the health study may be postponed till
Covid-19 pandemic subsists, Subsequently, by letter dated 12.08.2021, ICMR
informed TNPCB that the) are ready to proceed with the health study for a total
value of Rs.l,12,67,125/- and 90% of the said amount would have to be paid
immediately and the balance 10% after submission of the final report. Thereafter,
by letter dated 13.08.2021 which was received by BPCL on 16.08.2021, TNPCB
directed BPCL to make ayment to ICMR through TNPCB in the mode of
Demand Draft as mentioned above. BPCL is in the process of making the
advance payment of 90% f r the health study.

8. The following documents i: re submitted by BPCL:
a) Water Supply Report 0 Metro Water;
b) Detailed Project Report dated 15.04.2021;



c) Letter dated 01.08.2021 from lIT, Madras to
d) Letter dated 03.8.2021 from CPCB to BPCL;
e) Letter dated 05.08.2021 from BPCL to TNP
f) Letter dated 06.08.2021 from BPCL to CPCB
g) Letter dated 12.08.2021 with enclosures fro ICMR to TNPCB; and
h) Letter dated 13.08.2021 from TNPCB to BPC .
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Dated at Chennai on this the 23rd da f AUGUST 2021.

~~rritory ~etailJ. Chenn3;
arat Petroleum Corporation Lt Lj

35: Vaidyanathan Street. c
.Tondlarpet, Chennai-600 081.

VERIFICATION

6TH RESPONDENT

I, Gururaj Sankh son of Naggapa Guruligappa San ,working as Territory Manager
(Retail-Chennai) in Bharat Petroleum Corporation Li ited do hereby declare that what
is stated above is true to the best of my knowledge, inf rmation and belief.

Verified at Chennai on this the 23rd day of AUGUST 021.
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!81'.ltory~tail)' Chennai
Bharat Petroleum Corporation Ltd.

35, Vaidyanathan Street,
. Tondiarpet, Chennai-600 08 i.

6TH RESPONDENT



Mobile water supQly_]g Varadharajaperumal Koi Street (Bharat Petroleum)
_From Patel Na~ar fillin~ obint

Julv - 2021 - Rs.1 050/- for 9000 Lts.
Closing I
Balance

Vechicle
Reg_ No.Date

Quantity No. of
in Lts. Trips

'G KL)

9,000 2-
9,000 2
9,000 2
9,000 2
9,000 2
9,000 2
9,000 2
9,000 2
9,000 2
9,000 /_

9,000 2
9,000 2
9,000 2
9,000 2
9,000 2

11-07-21 13,23,000 13,05,000 2503 - 7422
12-07-21 13,05,000 12,87,000 6802 - 2984
13-07-21 12,87,000 12,69,000 4633 - 7526

1--14._-O_7_..2_1_.I-_____;_ -+__ -t-- -I- _B_'69,oq9_ 1321-,000 _+- _:.7_;_4~28- 7503
15-07-21 ! 17.5~,C:OQ 1~.3i.OOO 46')1 -74981----+--=---+__--4-------·-· -------1-- ._-- - -----------..- ..~----- - ---------
16-07-21 . J.2,33,00(': I ?,b,ul]U Il),u - 7557

~~-~-~-4--- ----.---~----~~~~+~.~~~~-------
:L7-07-21 12,'~~;,(lOO, I J g,'.OOO 2503 - 0884-----+---+----------1-----_._--1-- --- -...----.-- -- --- -- - --------.--

I-l_8-_07_-_21-+ :.::..:...:.jf--.:::_+- I- +-=1:1~,:.::..9_:./,..:..OO:.;:04+...::..].:::.l,..:../9~,.0::..(::..:J{J:._. .::5_;_3?:?__:__78_72 1

_1_9_-07··21 _ .__ --II--- -I- -+_1_1,:..../-'9,_0_00~61.~QQQ_ 7422 - 3236
20-07-21 11,61,000 11,13,000 6802 -7526-----4----~~---+-------------------I--~~~
21-07-21 11,43,000 11,7.5,000
22-07-21 9,000 /. 11,25,000 11.,07,000 7498 - 4633---+-- 1---------- f-------- -----.- --- -------I' -------------------i
23-07-21 9,000 2 11,07,')\.1(1 'n,89,OOl) 465), -7557I----+--~;_:_;:_+--_;:.._+------.-+------~~~---------.. --.-.---- ----------
24-07-21 9,000 2 10,89,000 10, Il,OO~___ 7428 - 2503
25-07 ..21 9,000 2 10,71,000 10,53,000 0884 - 7422-------.
26-07-21 9,000 2 10,53,000 10,3.':>,000 5325 - 2503

7623 - 2.984

7503 - 4633

27-07-21 9,000 2 10,35,000 10,17,000 7872 - 2984

28-07-21 9,000 2 10,17,000 9,99,000 4651- 7526

29-07-21 9,000 2 9,99,000 9,81,000 6802 - 3236
1_30_-0_7_-2_-1-+__ 9,000 __ ~ I . 9_.81-,_QQQ " _~§_3,O_Qq _

31-07-2.1 9,000 2 9,6:-3,O~9_l:J _.!..A:..:::::'~..::O~OO;:__I-- 7498 -7623... ..:.___I-__ --I -t- f-.::...:..::...::.c..:.... 1-

I-_T_ot_a_1~_5_'5 __8_,O_OO~_6_2_~ ~ ~ __ B_a_' __ .l:i_;_;_~_~_~-)L_-------------------1
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Mobile water supplv_To V~radharaiaperumall(oil Street(Bharat Petroleum)
Fn~m Patel Nagar fillil}g_Roint

June - ~021 . Rs.l 050/- for 9000 Lts.

Quantity No. of Ref. No. & Opening Closing Vechicle
Date

in Lts.
Amount Balance Balance Reg. No,Trips Date

in lts. in Us. (91<1.)-01-06-21 9,000 2 20204018364 3,00,000.00 2,34,000 2,16,000 7872 - 0884
02··06-21 9,000 2 20204018365 300.00 2,16,000 1,98,000 6802 - 7526
03-06-21 9,000 2 20-01-21 3,00,300.00 1,98,000 1,80.000 2503 - 7428- -- -_._. _ _ . ---------_. -_._-----
04-06-21 9.000 2 26 Loads ] ,80,000 1,62,000 7557 - 4651.~---r---- f- ..- ------.--- _.--- .-
05-06-21 9,000 2 l,G2,OOO :I ,44,000 2984 - 5325--- _.-
06-06-21 9,000 2 1/14,000 J ,/.6,000 7503·4633
07-06-21. 9,000 2 20214011169 300.00 1,26,000 1,08,000 7498 - 3236
08-06-21 9,000 2 20214011168 2,10,750,00 1,08,000 90,000 7872 - 0884
09-06-21 9,000 2 09-06-21 2,11,750.00 90,000 72,000 7623 - 7422
10-06-21 9,000 2 201 Loads 72,000 54,000 6802 -7526
11-06-21 9,000 2 511,000 35,000 2503 - 7428
12-06·21 9,000 7. 36,000 18,000 4651 - 7557
13-06·21. 9,000 2 18,000 Nil 5325 - 7503--_.__ . -
14-06··21 9,000 2 18,09,000 J 7,91,000 2984··3236--- -~-,..-.-.,-- -.-.--~--..-~..
15-06-21 9,000 2 1/,91,000 11.13,000 7428 - 7498._- - ------.-- -----------------
1606 :;1'1 q .no ., ' i /.~,.GL':· 1 .'.'i ':> ,,')lIn 4633 - 0884--

-§~QQ1~.~-
-. - ---_._ .._- ---.-- ..

17-06·21 17.5S,OOO 17,37,000 2503 -7872---- --- r----· .. - .---.-- ---._-- _--_ .._- -_-
18-06-21 g ,(JOO' :I J i ',1:' ,ODD I ..,'I, F),u()O 7422 - 7623_ ......-
19..06 21 s.ooo 7 I 17 .19,000, 17,01,000 7526 - 2503.._..-..--l--------- ...-. .-.-._-- - _._ - t- ----.- - - ---._._'_'
2.0-06-21 s.ooo 7 I .I ,O:L,(JO~; I f),8~:,[loa 7503 - 7422- .-- -
21-06-21 9,000 2 16,83,000 16,6!J,OOO 7623 - 7428
22-06-21 9,000 2 16,6:;,000 16,4'/,000 5325 -7557

23-06-21 9,000 2 16,47,000 16,29,000 2984 - 7498-
24-06-21 9,000 2 16,29,000 16,11,000 0884 - 6802
25-06-21 9,000 2 16,11,000 15,93,000 7872 ..4633
26-06-21 9,000 2 15,93,000 15,7S,000 3236 ..4651
27-OG-21 s.ooo '? 1\ /!",OOO b,S/,OOO 2503 - 7526-- ._- . 1---_ .._-_. -
28-06-21 9,000 2 15,57,000 1),39,000 7428 - 7557

'--'-- 1-----_._ .._----_. ----
29-06-21 9,000 2 1:',39,000 _:'!_5,2'I,OQQ_ 7503 - 7623f-o-------------------
30-06-21. 9,000 2 lS,21,00O 15,03,000 2984 - 3236

-1--'--- .------ r- -.--.----- --_._- --_ .._-_ ..---- '___-" ._ - - -- -. ------
I I 15,03,000

Total 5,40,000 60 I J_~a.1 ~(_~~7 T~P~ :.L_._'- __ L _. ___ ._ L .~-.--

~; ,>/'S'-,y
0' U!;LIIl.' ~."

.... if u~n .J"H!.(..,,* ;:"I.Y-l" 1 )l

M.W.Sly. I......e.l Q,," ~m -f, \
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Mo~.U.~~~!_~su_rmlv To Varadharai~2__erumal Koi StreeUBharat Petrolel!ffiL
From Patel Nagar filling pQint

MID{- 2021- Rs.ll050i- for ~000 lts. --
Quantity No. of Ref. No. &

Opening Closing Vechicle
Date Amount Balance Balance Reg. No.in Lts. Trips Date

inLt~
in Lts. (9 KI.)

01-05-21. 9,000 2 202040:1.8364 3,00,000.00 7,92,000 /,/4,000 7872 ·7503.._._- 1-'--'- ------- .. ---02 ..05-21 9,q_Q_Q f--_2 20204018365 300.00 7,'14,000 7,~i6,000 7422 - 2894-.- -----------,,- --03-05·-21 9..000 2 20-01-21 3/00.L30~9_.2_ /.:'6,000 -;',38,000 7557··53251--- ---- 1-------.--- - _. __ • ___ o __ • __ .-
04-05-2.1 9,000 2 88 Loads 7,38,000 7,20,000 6802 ..7428
05-05-21 9,000 2

--I---'
7,20,000 7,02,000 0448 - 4651~-

06-05-21 9,000 2 7,02,000 6,84,000 74!~8 ..3236
07-05-21 9,000

t----
2. 6,84,000 666000 7526 - 4633._----- -------- __ o ____

_~_J - --08-05-21 9,000 2 6,66,000 6,48,000 2503 -7872.1--_.- -. -'- j--.

09-05-21. 9,000 2 6,48,000 6,30,000 2984 - 7623_.- -- ---
10..05-21 9,000 2 1-6.~_O,O_Q~ 6,1~.OOO , 5325-7428-_ ---- 1------ I- -.---- -·..·4----------- ..·--· _..
11-05-21 9,000 I.. b,12,000 \ 9!'.,IJOO 7S!;7 - 0884-
12-05-21 9,000 2. 5,94,000 5,76,000 7422 - 6802
13-05-2.1 9,000 2. 5,76,000 !i,58,OOO 7498 - 4651f---------- -
14-05-21 9,000 2 5,58,000 ').40,000 7503 - 32361-._--- 1------- ----- -.-.~ -_._-------
15-·05-21 ~,OOO /_ 5AO,OOO \71..,000 4651- 7623------- - ---'-_._- -- __ ._- ---. _. ---'---
16-05-21 9,000 2 5,22,000 !),04,000 7526 - 2503----- 1---,-- - ---- -_._---_. -----_._--_._- ---_.
17..05-21 9,000 2 5,04,000 4,86,000 4651 - 7872-
18·05-21 9,000 2 4.86,000 1i,68.000 5325 - 2984----- ._--- ._----- r----

19'05 ..21 9,000 2. 4,68,000 4,'jO,OOO 0884 -7428 --
20-05-21 9,000 2. 4,50,000 4,32,000 6802 -7557----r----
21-05-21 9,000 2 4,32,000 4,14,000 7S03 - 7422-----.- --- ----
22-05-21 C),OOO 2. 4,14,000 3,96,000 3236 - 4633-- --_-- ,---
23-05-2.1 9,000 2. 3,96,000 3,18.000 7623 - 7498

--f------. -_ ..---------
24 ..05-21 9,000 ? 3./8,000 3,60,000 2503 - 7526-- --
25-05-21 9,000 2 3,60,000 3,42,000 7872 - 0884-.--~-----_.- ----
26-05-21 9,000 2. 3.42,000 3,2fl..OOG 2984 - 7428- - -
27-·05-21 9,000 2 3,24,000 3,06,000 5325 - 6802
28-05-21 9!Q.QQ 2. 3,06,000 2,88,000 7422 - 7557--

4651 - 750329-05-21 9,000 2 2,88,000 1.,10,000._.._ -.--------
30-05-21 9,000 2 2,10,000 _.L~7.,OOQ_ 4633 - 3236 ----.-__ ._-1------ -- ---~~----_ ..-.
31-05-21 9,000 7. 1.5/,000 /,.14,000 7498 -7623

---'---- - -- ----. -

Total 5,58,000 62 Sal
2,34,000

(26 Trips)
____ L..-......._._ -

~- ?'//:iJ - U(J\.._ Q.l It ...'
" ~ir wf~~.6\Jefi&,~\.f _'~"'w''_'
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26-04-21 8,82,000 8,64,000
8,64,000 8,46,000 -
8,46,000 8,28,000
8,28,000 8,:1.0,000
8,10,000 -/,9/,000

----- - --_._,_..-- .---. --

Mobile water suoolv To Varadharajaperumal Koil Street (Bharat Petroleum)
Frof1~ Patel Nagar filling point

April -.2(~21~ Rs.l 050/~ for 9000 Us.

Date
Quantity No. of Ref. No. &

Amount
Opening Closing Vechide
Balance Balance Reg. No,in Lts, Trips Date
in lts. in Us. (9 Kl.]1-----/----------- --------111--------11------ ----- ....--- -- ---------.--------.-

1-0_1-_04_-_21--+-9:..:.,O.;:..00,2 20204018364 3,00,000.00 13,14,000 12,96,000 7623 - 4651
02-04-21 9,000 2 20204018365 300.00 12.,96,000 V.,/8,000 7428 - 7498
03-04-21 9,000 2. 20-01-21 3,00,300.00 12,78,000 12,60,000 7872 - 3236t-----t--__;...- -- ----------.----------1
04-04-21 9,000 2 146 Loads 12,60,000 12,42,000 7422 - 463:1

1_05_'.._04_-_21-t-__ 9_:...,O_0~1__-2__t--_-.---It-_--+--'--.....:_;_..::........+--__c. 7503 - _29_8_4 _
06-04-21 9,000 2 2503 - 5325

12,42,000 12,24.000
12,24,000 12,06,000
12,06,000 11,88,000
11,88,000 J l,lO,OOO
11,70,000 11,52,000
11,52,000 11,34,000
11,34,000 11,16,000
11,16,000 10,98,000

07-04-21 9,000 I. 0884 - 7557

11-04-21 9,000 2. 4633 -,7422
1-12_"'__04_-_21--+ 9,:..:.000 2 7503 - 2984

r-13_-_04_-_21-+9,~0__00r_--2~~. __ -----_-H---- ~-1~O,-9~8,-00_0_~~~~2~)_0_~ 25_0__3_-_75_2_6 _

t-.1.4_·-_04_"'_21-+-__ 9,_O_U0t-_I.---iI--. -I+____ 10,80,000 10,61.,000 7872 -7623 ,~
15-04-21 9,000 2 10,67.,000 10 '~'I,O()O 7422 .. 2984--_.--t-.---..:..... -"- "'---f--- ..- -., -- .----------+__.:-"-- r-- ---." - ..
16-04-21 9,0\),) / 10 'l'~,OOO' 1Q. ze.ooo1----+-----'----· ----- r---------
17-04-21 9,000 2 10,1.6,000 10,08,000
18-04-21 10,08,000 9,90,000--r-----------+I-------;--~-~-+~~-------------.---
19-04-21 9,90,000 9."-.,7__7.;.:.,;.0:..:,0.,:.0--+- _
20-04-21 9,n,000 9,S'l,000r------+--~---r_--~----------~------~~~--i-------------------------------·-
2.1-04-21 9,54,000 9,36,000

l--------·--
I 5325 - 0884

------I
4633 - 7557

4651- 7428
6802 - 3236
2503 -7526
7872 -7498
7503 - 7623
2984 ..0884
5328 - 7557

7422 -7428
4651 - 6802 --
3236··7498
4633 - 2503
7623 - 0884

24-04-21

9,000 :1_,
9,000 2 -
9,000 2
9,000 2
9,000 2
9,000 1--9,000 2.
9,000
9,000 2
9,000 2.
9,000 2
9,000 2.
9,000 2------ - - - ---------

--+----------H-.---.-- Jl...:,:0_,OO_~_r-__9,_00_,_OOO.+----....:..;.;;....;;_;__;:_;~----I
9,00,000 8,82,000

25-04-21

27-04-21
28-04-21
29-04-21
30-04-21

-.! - -. - ,------------------1
Sal L7/92.,OOO

88 Trips )
t-----J...---.l----'---------'-!----- ...1...---'-- ----- .----------------

.__--,_ !-._- ,-. --- ,_--1---'

Total 5,22,000 58
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Executive Summary

\1

Stratus Environmental, Inc. (St atus), conducted an environmental site investigation to
reassess the extent of petroleu 1 hydrocarbon impact to soil and groundwater, at the
Bharat Petroleum Corporation imited (V.P Koil Street - T.H Main Road) Petroleum
Contaminated Site, Tondiarpet, Chennai, Tamil Nadu (See Figure 1).

In order to reassess the ext nt of hydrocarbon contamination at the petroleum
contaminated site,

• Stratus prepared and ubmitted a Work Plan (dated 18 September 2020)
proposing a detailed s ope of work to be completed. This work plan was
subsequently approve by Central Pollution Control Board (CPCB) and
TNPCB.

• Stratus advanced three soil borings (3) and seven monitoring wells (7) at
strategic locations adja entlnear to existing monitoring wells (see Figure 2).
Well construction detai s are presented in Table 1.

• Undisturbed, depth sp cific soil samples were collected and analyzed in a
NABL certified laborat ry. Tn addition, PID readings from soil samples were
recorded onsite.

• Soil samples were colle ted every 5 feet using a split spoon sampler to develop
a detailed understandin of the local geologic conditions.

• Surveyed elevations of ach well casing, to update the site map.
• The newly installed wel s were developed. Groundwater samples were collected

from the existing and newly installed monitoring wells at the petroleum
contaminated site and D rwarded to NABL certified laboratory.

Subsurface Geologic Conditio s

Overall, the geology at the loc tions investigated in the petroleum contaminated site,
were similar to the 2015 inves igation. Native materials encountered during drilling,
consisted of poorly graded san to well graded sand ranging from surface to 30 and 44
feet below ground surface (bgs) This sandy stratum appeared to be laterally continuous
across the study area. Groundw ter was first encountered within this sandy stratum. All
shallow-screened groundwater aonitoring wells are installed within this sandy stratum.
In the deeper well borings, the andy stratum was observed to overlay a relatively thick
fine-grained unit consisting pre ominantly of clay. This clayey stratum also appears to
be laterally continuous across he study area. The clayey stratum overlies a second
sandy, water-bearing stratum. he deep-screened groundwater monitoring wells are
installed within this second san Iy stratum. Bedrock was encountered in one of the deep
well's borings at depths 78 an 80feet below ground surface (bgs). The deeper sandy
stratum also appears to ex tend aterally across the study area.

Groundwater Flow

Groundwater flow in the upper water bearing zone, during 1st quarter 2021 , (see Table
2) was towards the south soul east, with calculated hydraulic gradients at 0.023 ftlft,
and towards the Bay of Benga . consistent with historical flow measurements. Depth
to water (OTW) in the shall w-screened wells was measured between 16.21 and
39.70 feet bgs (-1.70 to -23.29 eters below mean sea level [MSL]).



DTW in the deep-screened wells was measured betwe .n 24.51 and 54.13 feel bgs (-
5.61 to -37.63 meters below mean sea level [MS D. Within the deep-screened
monitoring wells, groundwater flow was predominantl towards east, with calculated
hydraulic gradients at 0.43 ft/ft, consistent with historic I flow measurements.

I~

Depth to water measurements in adjacent pairs 0 deep and shallow-screened
monitoring wells indicated the presence of downwar vertical flow gradients, with
relatively high flow gradients ranging from 0.023 ft/ft t 0.43 ft/ft, again suggestive of
groundwater pumping in the site vicinity.

Soil Analytical Data

• Low concentrations of Diesel Range Organics (D 0) were reported in almost all
samples analyzed, the detected concentrations ar in the range of 0.08 mg/kg -
144.61 mg/kg.

• Gasoline Range Organics (GRO) were not detec ed in majority of the samples
analyzed. Low concentrations were reported at fe locations, ranging from 0.02
mg/kg to 4.49 mg/kg (See Table 3).

• Low concentrations of Total Petroleum Hydroc rbon (TPH) was reported in
almost all samples analyzed, the detected con entrations ranged from 0.08
mg/kgto 153.83 mg/kg.

• Benzene and naphthalene were not reported in an of the soil samples analyzed.
• Toluene, ethylbenzene and xylenes were not repo .ted in any of the soil samples

analyzed.
• The DRO & TPH Concentrations detected in soil samples collected in February

2021 are significantly lower, compared to the conc ntrations recorded in 2015 site
assessment.

Shallow Zone Groundwater Analytical Data

• DRO was not detected in majority of the shallow s reened monitoring wells. Low
concentrations were reported at few wells rangin from 0.08 mg/L to 0.66 mg/L
at MW-25A and MW-26A respectively which a 'e adjacent to abounded wells
MW -17 A & MW -12A.

• TPH was not detected in majority of the shallow s reened monitoring wells. Low
concentrations were reported at few wells rangin from 0.08 mg/L to 0.66 mg/L
at MW-25A and MW-26A respectively.

• Benzene and naphthalene were not reported in a y of the groundwater samples
analyzed. Xylenes were only reported in MW -2 with concentration of 76.50
mg/L.

• The DRO & TPH Concentrations detected in grou dwater samples collected from
the existing shallow screened wells and newly nstalled wells adjacent to the
abounded wells in March 2021 are significantly I wer, compared to the DRO &
TPH concentrations recorded in 2015 site assessn ent.

• Polycyclic Aromatic hydrocarbons (PAH) were n t detected in any of the ground
water samples analyzed.
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Deep Zone Groundwater An slytical Data

• DRO was not detected i majority of the shallow screened monitoring wells. Low
concentrations were repbrted at few wells ranging from 0.10 mg/L to 0.35 mg/L
at MW-26B and MW-3 3, respectively (See Table 4).

• TPH was not detected ir majority of the shallow screened monitoring wells. Low
concentrations were repbrted at few wells ranging from 0.10 mg/L to 0.35 mg/L
at MW-26B and MW-31~, respectively.

• Benzene and naphthaler e were not reported in any of the groundwater samples
analyzed. Xylenes were only reported in MW -3B with concentration of 22.97
mg/L.

• The DRO & TPH Concentrations detected in groundwater samples collected from
the existing deep scree ned wells and newly installed wells adjacent to the
abounded wells in Marc 1 2021 are significantly lower, compared to the DRO &
TPH concentrations rece rded in 2015 site assessment.

• Polycyclic Aromatic hye rocarbons (PAH) were not detected in any of the ground
water samples analyzed.

Free Product
Free product was not observed or identified in any of the existing or newly installed
monitoring wells and borings during the assessment. Free product removed through
adsorbent socks was calculat d an amount of 80.0 Liters (69093.0 Grams) from the
petroleum contaminated site (See Appendix -G).

Residual Hydrocarbon Mass

• Based on the laborator analytical data and TPH Iso concentration contour maps
of Soil [0'-50'] feet b s (See Figure 10 to 14), the lateral extent of petroleum
hydrocarbon impact to soil was calculated.

• Approximately, 1053.~3kg of residual TPH is estimated to be present in soil
(See Table 8), in corr parison to estimated mass of 32,797.61 kg of TPH in
2015 (See Appendix - ).

• Based on the Groundv ater analytical data and TPH Iso concentration contour
maps of groundwater i 1shallow and deep screened wells (See Figure 19 & 20)
the lateral extent and i npact of petroleum hydrocarbon impact to groundwater
was calculated.

• Residual mass in grou ldwater is estimated to be approximately 2.11 kg (See
Table 9), in March 20 1, compared to 1,380.97 kg ofTPH estimated in 2015
(See Appendix -E).

Mass Balance Summary

Below table summarize the tetal mass estimated in 2015 assessment with SVE mass
removal till February 2021 an ~ the remaining mass present at site in 2021 (See Table
10).

Mass
Remaining
(Kg)

34,178.57 16,739.31 69.093 12,595.162 3,718.692 1056.043

Initial Mass Removed Ma~s Removed Mass Removed Mass Removed but
Mass (Kg) by SVE (Kg) by Socks (Kg) by CMRL (Kg) not accounted by

SVE calculation
(Kf!)
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Conclusions and Recommendations

2-0

• Significant reduction in soil and groundwater oncentrations is being observed
due to remedial efforts and natural attenuation factors.

• Residual mass continues to be present in th 25 to 35 feet bgs interval that
warrants additional remediation (See Figure 3 04).

• Although only low concentrations of petr leum hydrocarbons are being
reported in groundwater samples, Stratus d es not yet, recommend use of
groundwater in private bore wells .
• Given the observation of relatively higher c ncentrations of DRO and TPH
observed between 25 and 35 feet bgs at a few locations, we recommend
continued SVE systems to reduce concentrati: n of petroleum hydrocarbons in
soil for a period of 6 months.

• We also recommend the continued operation 0 the air sparge system located at
SVE Unit -2. In addition, Stratus recommends operation of a second air sparge
systemat SVE Unit-I and connecting the se ond AS system to wells AS-3a
and SVE-8.

• We recommend connecting newly installed w lis 26A, located in the alley,
and MW-2SA, located in Devi Polymer propeny to the SVE-2, and SVE-l
respectively.

v
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Detailed Site Assessment Report
Petroleum Contaminated Site
Bharat Petroleum Corporation Limit d
Tondiarpet, Chennai, Tamil Nadu

SITE DESCRIPTION

Petroleum pipelines that trans ort refined petroleum products are located beneath the
streets in Tondiarpet, Chennai. One such pipeline leaked petroleum products in 2012 at
the junction of TH Road and PK Street, Tondiarpet, Chennai (the Site, see Figure 1
and 2). The neighborhood su rounding the release is densely developed, with both
residential and commercial us s. Petroleum odors and/or free phase petroleum (free
product) were reported in s me domestic water wells, and dissolved petroleum
compounds have been reporte in water samples from beneath the site. In 2015, Stratus
Environmental conducted a etailed study of the lateral and vertical extent of
contamination at the site and s rbrnitted a Detail Site Investigation Repot (DPR) dated
21 October 2015.

SITE BACKGROUND

The following presents a sum rary of environmental activities completed to date and
information pertinent to the en ironrnental issues associated with the site.

• Residents of the neigh orhood, near the intersection of TH Road and VPK
Street, began observin the presence of petroleum products in groundwater
recovered from wells ( ore wells) used as a local water supply in October 2012.

• BPCL subsequently ret ined the services of the Indian Institute of Technology
-- Madras (IITM) to pe form an initial evaluation of the extent of a petroleum
release to the subsurfac _

• llTM completed 20 ex loratory soil borings (exploratory bore wells) to a depth
of approximately 30 f et below ground surface (bgs) using manual-augering
techniques. An electri al resistivity tomography survey was also performed.
IITM assessed the exte t of free product in the local water supply bore wells.
IITM prepared a report ocumenting the baseline findings of site conditions.

• BPCL initiated recov ry of free product in the domestic bore wells and
continued these activit] s through February 2015. Approximately 6,947 liters of
free product and 7, j 41 liters of free product/water mixture were recovered from
the subsurface as of Fe ruary 2015. Stratus initiated Free product recovery in
February 2015. Produc recovery information performed by Stratus personnel
between February 2015 and September 2017 is included in Appendix-G.

• In May 2015, Stratus mobilized a hollow-stem auger drilling rig to india.
Between May 2015 a d September 2015, twenty- seven (27) groundwater
monitoring wells and 18 (9-SVE, 9-AS) remediation wells were installed. In
compliance with CPCB directives, Stratus installed 5 additional (three shallow
and two deep) ground ater monitoring wells during September 2016. in all 32
groundwater monitorin wells were installed to characterize the lateral and
vertical extent of cont mination (Site Plan - Shallow Screened Wells, Deep
Screened Wells, Soil V por Extraction Wells and Air Sparge Wells, see Figure
2).

• Soil samples were coil ctcd during environmental drilling activities to assess
geological conditions a d for analytical testing. The soil samples confirmed that
both diesel and gasoline - related fuels were released to the subsurface, but that
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most contaminant mass was in the diesel ran e. Using the 2015 soil analytical
data, Stratus estimated that approximately 29, 52 kilograms (65,894 pounds) of
diesel range organics (ORO) to be present i 1 soil within upper 50ft bgs, and
approximately 2,845 kilograms (6,259 pou ds) of gasoline range organics
(ORO) to be present in soil within upper 50 et bgs.

• Sand was encountered in the shallow subsurf ce at depths ranging from surface
about 30 to 44 feet bgs. A laterally continuo interval of clay and silt, ranging
in thickness from about 15 to 50 feet, was bserved below the shallow sand.
Additional sand interval, containing signific nt interstitial fines, was observed
below the clay/silt stratum. Twenty-two gro ndwatcr monitoring wells (MW-
1A through MW-20A, MW-22A and MW-23 ) are screened within the shallow
sand strata and ten groundwater monitoring ells (MW-IB, MW-3B, MW-5B,
MW-7B, MW-I0B, MW-llB, MW- l6B, M -17B, MW-20B and MW-23B)
are screened within the deeper sand strata wl ich recommend SV/AS to be the
effective remedial alternative.

Detailed Site Assessment Report
Petroleum Contaminated Site
Bharat Petroleum Corporation Limited
Tondiarpet, Chennai, Tamil Nadu

15 !\pri12021

• Stratus prepared and submitted a Corrective ction Plan (CAP) dated February
10,2016, recommending soil vapor extractio (SVE) and Air Sparging (AS) as
the most effective remedial alternative. In ace rdance with the CAP, subsurface
conveyance piping was connected to the rem iation well heads, and the piping
was routed back to a centralized location here a Soil Vapour Extraction
(SVE) system was installed. After connectin the SVE system to local utility
services, remediation was started for continu us operation on May 20,2016.

• In 2016, Chennai Metro Rail Limited (CMRL started their construction activity
for building a metro railway network involvi g a combination of above ground
and below ground railway track.

• The CMRL construction encroached a portio of the contaminated area of the
Site. Meetings were held between CMRL a d BPCL to better understand the
nature and extent of excavation associated wit 1 their construction and its impact
on the contaminated site.

• In 2017, Stratus observed that consti tion activity by CMRL has
compromised the remediation pipeline netwo k. Due to construction activity by
CMRL, a few of the remediation wells wer abandoned (MW-17A, SVE-2,
SVE-3, SVE-I0, AS-I, AS-3, AS-8 and AS-I) and connectivity to SVE system
was disrupted.

• In view of the above, a need arose to relo ate the SVE system. Based on
meetings with CMRL engineers and their co sultant (Systra), Stratus proposed
alternate piping layout plan on 26 October 2 16 and 19th January 2017. In an
onsite meeting between BPCL, Stratus and C RL on 21 August 2018, CMRL
proposed and identified a new location for th SVE system. Stratus initiated the
SVE unit relocation work on 9th September 018 and restarted the SVE unit
operations in the new location from 27th Octo er 2018.

• In 2018, CMRL began excavating in and ar und the contaminated area. All
activities associated with CMRL excavation a rd construction were documented
on field data sheets. Stratus site engineer ollected soil samples from the
excavated soil stockpiles, and recorded PI readings to evaluate for the
presence of petroleum hydrocarbons, prior to isposaJ of the stockpiled soil.
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• Cumulatively, during th period from 24th February 2018, to 3 l " December,
2019 approximately 34, 64.80 cubic meters (rrr') of soil was excavated from
the contaminated site al ng T.H main road between M.M Theater and junction
ofV.P.K Street-T.H rna' road, and it is our understanding that the excavated
soil was transported to iruneermalai and Cut & Cover- Area 2, Nandanam,
Chennai.

• Stratus imported and ins ailed a second SVE system in February 2020. System
was started for continuo IS operation on June 2020. Connection to wells, MW-
2A, SVE-l, 11, and SV -12 were rerouted and connected to the SVE System-
2.

• The SVE -1 and SVE-2 nits have been very effective in extracting petroleum
hydrocarbon vapors fr I m the subsurface. SVE-l and SVE-2 units have
extracted approx. 14,97 .31 Kilograms & 1,760.27 Kilograms respectively as
of February 2021 (see T ble 5 & 6).

• A total of 69.09 Kilogr ms (80 liters) of free product has been removed by
the absorbent socks as 0 February 2020 (see Appendix-G).

• A Mass Balance Sum ary of the Total Petroleum hydrocarbon (TPH) is
evaluated using the lab nalytical data, accounting the total hydrocarbon mass
removed by SVE 1 & ,Absorbent socks, CMRL activity in contaminated
zone and unaccounted PH mass removed by SVE systems during the high
slug movement into tr atment system have been estimated for the period
2015 to 2021 (see Table 10).
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2021 SITE ASSESSMENT

Stratus prepared and submitted a workplan for th reassessment actrvity on 18th

September 2020. This workplan was approved by C CB on 21 st October 2020 and
TNPCB on 14th December 2020. The objectives of the ite assessment work undertaken
were:

• Reassess the residual extent of petroleum hy rocarbon contamination to soil
and groundwater beneath the site.

• Reinstall monitoring bore wells (replaceme t of wells lost due to CMRL
activity) to evaluate the lateral extent of impac to groundwater.

To accomplish these objectives, Stratus implement ed the following work activities:

• Advanced three (3) exploratory borings (A -1, B-2 & B-3) using 8-inch
diameter hollow stem augers at the strategi locations adjacent to existing
monitoring wells.

• Completed the installation of five, 2-inc diameter shallow screened
groundwater monitoring wells (MW-25A, M -26A, MW-27A, MW-28A &
MW-30A) to depths ranging from 25-35 feel l gs.

• Completed the installation of two, 2-inch dial eter deep screened groundwater
monitoring wells (MW-25B & MW-26B) to epths ranging from 65-75 feet
bgs using hollow stem auger.

• Collected soil samples at 5-foot interval during the advancement of
monitoring wells and borings and forwarded the samples to NABL certified
laboratory for chemical analysis for concentra ion comparison.

• Developed and surveyed each of the newly in tailed monitoring well.
• Purged and collected groundwater samples 'om each monitoring well and

forwarded them to the laboratory for the analy is.
• Segregated all waste material in drums, (dril cuttings and purge water) for

disposal.
• A total of 56 soil samples, 22 groundwater amples and 1 trip blank, were

forwarded to the laboratory for the analysis.

Pre-Field Activities

Stratus used a state-of-the-art Hollow Stem Auger Dri ling Rig imported from USA to
conduct the assessment. Hollow-stem auger drilling'( SA) is the intemational standard
for characterizing hydrogeologic conditions and nstalling monitoring wells at
environmental investigation sites, Soil sampling and vcll construction are performed
without removing the augers lrorn the boring. prcv mung cross-contamination and
borehole collapse. Undisturbed soil samples are colle ted ahead of the augers using a
split-spoon sampler. Specific intervals or the entire bor ng can be sampled continuously
to identify exact depths of potential migration path ays, confining layers, critical
stratigraphic changes, or contaminated intervals. K ping the augers in the boring
prevents vertical migration of contaminated soil and g oundwater to deeper soils.

Prior to initiating the drilling, the following tasks wer
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• Prepared a detailed hea' th and safety plan.
• Visited site to find th suitable locations with accessibility and adjacent to

existing monitoring we Is.
• Conducted negotiation with private property owners to obtain any access

agreements needed to c nduct drilling work.
• Obtain permits (Che ai Corporation and Traffic Police North Chennai,

Chennai Metro Rail L mited and Private property owners), as necessary, to
install the wells at loca ions shown on Figure 2.

• Mobilize drilling equip nent to the site.
• Identified the locations ofunderground utility corridors near the work areas.
• Provide work notificati ns to appropriate parties, as necessary.
• Conducted pre-drilling ite safety meeting.
• Procured materials nec ssary to construct the monitoring wells.

Field Activities

Soil Borings Installation

Stratus personnel utilized a hollow stem auger drilling rig to complete the
environmental drilling, soil sa I piing, and well construction work between 19th and 28th

February 2021. The upper por 'on of each borehole (up to 4 feet) was advanced using
hand tools in order to reduce t e possibility of damaging underground utilities during
drilling work. After clearing th shallow subsurface, each borehole was advanced using
8-inch diameter hollow stem a gel's. After advancement to the required depth, some of
the borings were converted to groundwater monitoring wells. Soil samples collected
from borings ASB-l, B-2, B ,MW-2SAB, MW-26AB, MW-27A, MW-28A and
MW-30A. A general descriptio offield practices and procedures employed by Stratus
personnel is provided in App ndix-A. Boring logs and well construction details are
included in Appendix-B.

Soil samples were collected at -foot interval range at each identified location, using a
California modified split SpOOl sampler equipped with three six-inch length by 2-inch
diameter stainless steel liners. 140-pound slide hammer was used to drive the sampler
into native soil immediately b low the bottom-most hollow stem auger. The bottom-
most intact sleeve of soil was c pped, sealed, and stored in an ice-chilled container bag
until delivery to the laboratory (see the chain of custody - COC attached in Appendix
D). The remaining soil sample was used for lithologic classification and the soil was
designated using the Unified oil Classification System. The bore log description
prepared in the field, include particle size distribution, soil colour referenced to a
Munsell soil colour chart, moi ture content, etc., along with other pertinent geologic
information and drilling observ tions. PID readings were measured in each soil sample
collected, using Mini RAE 30 0 and the readings were recorded in the boring logs
(see Appendix-B).
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Drilling Operations and Well C
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Collection of Depth Spe ific Undisturbed Soil Samples using Split Spoon

Monitoring Wells Installation

Monitoring bore wells MW-2S ,MW-2S8, MW-26A, MW-268 MW-27A, MW-28A
and MW-30A were installed t gh the hollow stem augers using 2-inch diameter
PVC well casing fitted with 10 20 feet of well screen (I.O-millimeter machine slots).
The wells were installed with a onger well screen in order to accommodate anticipated
fluctuations in groundwater 1 s influenced by seasonal climatic conditions. A sand
filter pack consisting of Indian tandard Sand Grade I (1 to 2 mm) was placed in the
annular space around each 1 screen from the bottom of the borehole up to
approximately 2 feet above the of the screen. Bentonite chips were placed on top of
the filter pack, hydrated with cl water, to provide a transition seal for the well. Neat
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cement was subsequently used to backfill the remaini
casing. A watertight cap was placed over the top ofth
installed around the top of the well.

g annular space around the well
well casing, and a vault box was

Well Development

Stratus developed all monitoring wells (MW-25A, W-25B, MW-26A, MW-26B
MW-27A, MW-28A and MW-30A) installed at the pe 'oleum contaminated site on 26th
and 27th February 2021. Prior to development, the dep h to groundwater (DTW), depth
to product (DTP) and total depth of well were measur d using an electronic water level
sounder. The wells were also checked for the prese ce of floating product using a
disposable plastic bailer. The data was recorded on ield data sheets (Appendix-C).
Well development consisted of aggressively surging t e well with new and clean PVC
biodegradable bailers. Bailing was continued until the xtracted water was free of visual
suspended sediment. Approximately 20 to 22 well casi g volumes were evacuated from
the wells during development.

Groundwater Monitoring and Sampling Event

The newly installed groundwater monitoring wells ere gauged on 3rd March 2021.
The groundwater sampling of the existing and newly installed wells was executed on
27th March 2021. Prior to sampling, the depth to groun lwaler was measured in all wells
using an electronic water level sounder; these data w re recorded in field data sheets
(Appendix- C). Water level data were used to calc late the appropriate volume of
groundwater in the monitoring wells. Prior to samplin purging was done at each well
(three well casing volumes). Once the required volum of water was purged from each
well, using a new plastic bailer, the water sample was collected in laboratory supplied
containers. The sampling procedure is recorded in fie d data sheets (See Appendix-C)
The sample containers were subsequently labelled anc stored in icc-chilled containers
until delivery to a NABL certified laboratory.

Surveying

A licensed surveyor was retained to survey the el vations and locations of each
monitoring well on 4th March 2021. The survey results were tied to the previous survey
work performed at the site. Well casing elevations ar summarized in surveyor report
and it is included in Appendix-B.

LABORATORY ANALYSIS

A total of 56 soil samples, 22 groundwater samples an 1 trip blank were collected and
delivered to NABL accredited Lab (HECS and Glens aboratory), for the analysis with
strict chain of custody (See Appendix-D). All the san pies were analyzed for specific
petroleum hydrocarbon components by Glens laborato y Samples were analyzed for:

• Polycyclic Aromatic Halocarbons (PAHs) by C MS MS-HECS/INS/SOP/072
Method,
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• Volatile Organic Com ounds, Gasoline-Range Organics (GRO), Total Organic
Compounds (TO C) an Benzene, toluene, ethylbenzene, and xylenes (BTEX)
by GC MS-HECS/lNS SOP173,

• Diesel-Range Organics (DRO) and Total Petroleum Hydrocarbon (TPH) by GC
MS-HECS/INS/SOP/O O.

• Mineral Oil (MO) by F IR Method HECS/INS/SOP/069,
• Oil and Grease (O&G) y In House Method.

Soil Analytical data of these s: mplcs received from HECS Lab are tabulated in Table
3, Groundwater Analytical dat of these water samples are tabulated in Table 4. (also
see Figures 5-14, 16-20). The opies of HECS and Glens Laboratory reports and chain
of custody documents (COC) 'e incorporated in Appendix-D.

Decontamination of Equipme t

Soil Sampling Equipment

Stainless steel tubes employe to line the split spoon sampler were washed with
detergent solution (Alconox), hen rinsed with potable water prior to use. The split
spoon sampler is washed after each use in a similar manner. The tape measure is
similarly washed and rinsed af er each well is installed.

Drilling Equipment

The pump on the drill rig wa used to clean residual soil from the augers after each
well boring was completed an the well is constructed. The augers were then washed
with a detergent solution (Alco ox), and then rinsed with potable water.

Bailers were not cleaned or reu ed. Stratus uses only clean, disposable bailers for well
development and sampling. Th se bailers are disposed after each well.

Waste Management

Drill cuttings were temporarily laced in drum and covered by plastic sheet at the BPCL
facility for proper disposal a ter the identification of contaminants present at the
locations.

SITE GEOLOGY AND HYDROGE LOGY

Lithologic Observations

Subsurface lithologic relations ips are illustrated in Cross-Sections A-A' and B-B'
(Figure 3 and 4, respectively). elow the pavement, road base, and backfill materials
covering the ground surface, n tive materials encountered during drilling consisted of
poorly graded sand to well graq ed sand depths ranging from surface to 30 and 44 feet
bgs. Fine gravel (up to 10% fi es) was observed in some boings. The sandy stratum
was remarkably homogeneous cross the study area. The poorly graded (well sorted)
nature ofthe sand, and the lack finterstitial fines, indicates this sand stratum was likely
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deposited in an energetic sub-littoral to supra-littoral r arine environment, similar to a
modern beach environment. First encountered g .oundwater was observed at
approximately 20 feet bgs. Historical groundwater el vations in shallow monitoring
wells have ranged from as shallow as 11.2 feet bgs to s deep as 35 feet bgs creating a
rather large smear zone.

In the deeper well borings, the sandy stratum was obse .ved to overlay a relatively thick
fine-grained unit consisting predominantly of clay. T is clayey stratum appears to be
laterally continuous across the study area with the thic ress ranging from 10 to 40 feet
bgs. Some samples exhibited behavior that indicated L p to 10% silt was present. This
unit appeared to be saturated near the top and bottom, ut middle portion of the unit did
not appear to be completely saturated. Total depth of tl e investigation was 97 feet bgs.
Below the clayey stratus, a latterly continuous well graded saturated sandy formation
was observed with the thickness of 10 to 15 feet. Botto of this sandy layer was in laid
over the weathered rock surface.

Field Observations during Soil Borings

During the advancement of Soil Boring (ASB-I) at th junction of V.P.K Street -T.H
road located at the vicinity of the source of petrole m leak, significant petroleum
hydrocarbon odors were observed between 25 feet gs and 35 feet bgs, in the soil
samples (collected through split spoon sampler). A P D reading of 15,000 ppm at 25
feet bgs, was recorded. During the advancement of m nitoring well (MW -25A/B), the
highest recorded PID reading of 210 ppm. During the advancement of soil boring (B-
2), a maximum PID reading of 55 ppm was measured t 25 feet bgs. Similarly, during
the advancement of monitoring wells MW-26A & M -26B, with PID readings of229
ppm at 30 feet bgs, and 280 ppm at 30 feet bgs, measu .ed respectively.

Site Hydrogeology

Depth to water (DTW) in the monitoring well network as measured on 27 March 2021.
DTW measurements are included on the field data she ts (Appendix-C), and have been
summarized in Table 2. Well depths and screen inter als are summarized in Table 1.
Free product was not observed or identified in any 0 the existing or newly installed
monitoring wells and borings during the assessment. ver all the newly installed did
not change the understanding of the regional groundw ter flow direction or gradient.

On 27 March 2021, DTW in the shallow-screened we Is was measured between 16.21
and 39.70 feet bgs (-1.70 to -23.29 meters below can sea level [MSL]). These
groundwater data were normalized to MSL, and then sed to construct a groundwater
flow elevation map (See Figure 15). Within the shal ow-screened monitoring wells,
groundwater flow was predominantly towards east and southeast, with calculated
hydraulic gradients ranging from 0.005 to 0.023 ft/ft. roundwater flow to the east was
observed to be at a gradient of 0.005 ftlft, but a corn] onent of flow to the south was
observed to be at a gradient of 0.023 ft/ft.

On 27 March 2021, DTW in the deep-screened wells as measured between 24.51 and
54.13 feet Bgs (-5.61 to -37,63 meters below mean ea level [MSL]). These
groundwater data were normalized to MSL, and then sed to construct a groundwater
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flow elevation map (See Fi ure 16). Within the deep-screened monitoring wells,
groundwater flow was pre do inantly towards east, with calculated hydraulic gradients
at 0.43 ft/ft.

Extent of Petroleum Hydroca bon Impact

Soil Analytical Results

Soil analytical data is summa! ized in Tables 3. Soil analytical data of DRO and TPH
are plotted on a series ofIso-c ncentration contour maps [0' -10', 10'-20',20'-30',30'-
40' ,40' -50'] feet bgs that ar used to illustrate the lateral extent of ORO, TPH
concentrations (sec Figure 6 tl 14). In addition, based on the highest concentration of
TPH in each boring, Stratus lotted an extent of impact to soil iso concentration
contour (see Figure 14A). The lateral extent of impact to soil appears to be adequately
characterized, with the exc ption of the Suhas Eye Hospital property. High
concentrations of petroleum I ydrocarbons were observed in soil samples collected
from MW -3a, and we were u able to verify the reduction in petroleum hydrocarbons
in soil on this property.

Soil analytical data are discuss

• Low concentrations of RO was reported in almost all samples analyzed, the
detected concentrations r nged from 0.08 mg/kg to 144.61 mg/kg.

• The highest concentrati 11S of DRO was reported in soil samples collected
between 30 to 35 feet b s. in MW-25AB (144.61 mg/kg) located in the Devi
polymer property, and M -26A (74.04 mg/kg) located in the alley south ofMani
Cycle shop.

• ORO was not detecte in majority of the soil samples collected. Low
concentrations were rep 'ted at few locations ranged from 0.02 mg/kg to 4.49
mg/kg. The highest cone ntration of GRO was reported in soil samples collected
between 30 to 31.5 feet b s in MW -25AB (4.49 mg/kg).

• Low concentrations of T H were reported in almost all samples analyzed, the
detected concentrations a e in the range of 0.08 mg/kg - 153.83 mg/kg.

• High concentrations of T H were reported in soil samples collected between 35-
36.5 feet bgs in MW -26 (153.83 mg/kg.) located ncar SVE-3, 10-11.5 feet bgs
in Boring-2 (25.09 mg/kg located near MW-16AB in Devi polymerproperty, and
in ASB-l (23.02 mg/kg & (50.58 mg/kg) located near MW-IAB on V.P.K
Street.

• Benzene and naphthalene were not reported in any of the soil samples analyzed.
• Toluene, ethylbenzene ar d xylenes were not reported in any of the soil samples

analyzed.
• PAHs were not reported i any of the soil samples analyzed.
• The Soil analytical result indicate that all soil samples have TPH concentrations

lesser than 5000 mg/kg, hich is the permissible limit for disposal as per CPCB
guidelines in the affidavi dated 14 October and 16 November 2016 to the NOT.

Overall, there is a significant re uction in petroleum hydrocarbon concentrations in soil
compared to 2015 data. The M nistry of Environment and Forestry (MOEF) document
titled Guidance document for assessment and remediation of contaminated sites in
India, dated March 2015, iden ifies screening levels for benzene at 0.5 mg/kg, xylenes
at 5 mg/kg, toluene at 3 mg/kg naphthalene at 1 mg/kg and ethylbenzene 5 mg/kg, for
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a residential neighborhood. For TPH an intervention s reening level of 5,000 mg/kg
was identified, as per CPCB guidelines in the affidavit dated14 October and 16
November 2016 to the NGT. TPH, benzene, xylenes, e hylbenzene, and naphthalene
concentration is low, and do not exceed CPCB screenii g levels. At a few areas high
DRO and TPH concentrations continue to exist (MW 26A, MW-25AB and ASB-l)
between 20 - 55 feet bgs that warrant continued remediation.

Groundwater Analytical Results

Groundwater analytical data are summarized in Tables 4. Groundwater analytical data.
ofDRO and TPH are plotted on a series of Iso-concent ation contour maps for shallow
and deep screened monitoring wells that are used to ill strate the lateral extent ofDRO
and TPH concentrations. These maps are included alo 19 with this report (See Figure
17-20). Groundwater analytical data are discussed belo .

• Analytical data of water samples collected from sh How water bearing zone shows,
DRO was not detected in majority of the ground ater samples.

• The highest concentrations of DRO were reporte in groundwater samples
collected in MW-26A (0.66 mg/L) and MW-2A ( .48 mg/L).

• Low concentrations were reported at few wells in he range between 0.08 mg/L to
0.66 mg/L at MW-25A and MW-26A respectivel .

• TPH was not detected in majority of the shallow .creened monitoring wells. The
highest concentrations of TPH were reported in groundwater samples collected in
MW-26A (0.66 mg/L) and MW-2A (0.57 mg/L).

• Xylenes were only reported in MW-2A (76.50 miL) and the recorded
concentration is above the permissible limit as pe CPCB guidelines.

• In all the groundwater samples GRO was reporte below detection limits with the
exception on the sample collected from MW-2 . In well MW-2A, GRO was
reported at 490.77 mg/L.

• Benzene and naphthalene were not reported in a y of the groundwater samples
analyzed.

• Analytical data of water samples collected from t e deep-water bearing zone, the
highest concentration of DRO was reported in g oundwater sample collected in
MW-3B (0.35 mg/L).

• Low concentrations ofTPH were reported in few ells ranging from 0.10 mg/L-
0.35 mg/L at MW-26B and MW-3B, respectively

• Low concentrations of GRO were reported in few monitoring wells.
• Benzene and naphthalene were not reported in a y of the groundwater samples

analyzed.
• Xylenes were only reported in MW-3B with conc ntration of22.97 mg/L in deep-

water bearing zone.

Overall, the groundwater analytical data indicates tl at concentration of petroleum
hydrocarbons in groundwater within the shallow and eep-screened monitoring wells
has decreased significantly since 20 15. The Ministr of Environment and Forestry
(MOEF) document titled Guidance document for a sessment and remediation of
contaminated sites in India, dated March 2015, identifi s screening levels for, benzene
at 0.005 mg/L, xylenes at 0.5 mg/L, toluene at O. mg/L TPH at 0.5 mg/L and
ethyl benzene 0.3 mg/L, for drinking water. TP , benzene, and ethyl benzene
concentrations do not exceed CPCB screening levels.
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ESTIMATE OF RESIDUA HYDROCARBON MASS

DRO and TPH analytical data rom soil and groundwater analysis were used to estimate
the mass of residual hydrocar ons beneath the site. The same general steps are used to
estimate the residual mass in oth soil and groundwater. The steps outlined below.

The following methodology as used to estimate the residual ORO and TPH masses
in soil beneath the site. Table: summarizes the estimated mass calculations for soil
between the ground surface at d 50 feet bgs.

1. DRO and TPH con entrations (refer to Table 3) were plotted on maps
representing 1O-foot tick intervals between the ground surface and 50 feet Bgs
(0 - 10 feet bgs, 10 - 0 feet bgs, 20 - 30 feet bgs, 30 - 40 feet bgs, and 40 -
50 feet bgs).

2. Iso concentration cont urs were then constructed using these data to the extent
that the detection limit for DRO and TPH (1.0 mg/kg) was reached. These maps
are included in the rep rt (See Figure 5-14).

3. Areas bounded betwe n the contours are calculated using the measurement
tools built into AutoC D. Calculated areas are listed. on each figure.

4. Average concentratio for areas between the contours are assumed to be the
arithmetic mean of th upper and lower iso concentration contour values. (e.g.
the average concentilation between the 10 mg/kg and 100 mg/kg iso
concentration contour is [10+ 100]/2=55 mg/kg). Where an area is enclosed
within a single cont ur, the average concentration is assumed to be the
arithmetic mean of th iso concentration contour and the highest value within
the iso concentration ontour (e.g. if the 100 mg/kg contour encloses an area
where the highest leported concentration is 955 mg/kg, the average
concentration is ass med to be [955+100]/2=527.5 mg/kg). Average
concentrations are assu ned to be homogeneous throughout the contour interval.

5. The soil volume (cubi feet [ft3]) is calculated by multiplying the area by the
interval thickness.

6. The soil mass (kilogr ms [kg]) is calculated by multiplying the soil volume
(ft3) by the soil densit (kg/ ft). Soil density is assumed to be 43.04 kg/ft? for
sand, and 33.98 kg/fr' r clay.

7. The hydrocarbon mass is calculated by multiplying the soil mass (kg) and the
average concentration mg/kg), then dividing by 106 mg/kg.

The following methodology w s used to estimate the residual TPH mass in groundwater
beneath the site. Table 6 sumn arizes the estimated mass calculations for groundwater
between the ground surface an 50 feet bgs. TPH concentrations (refer to Table 4) were
plotted on maps representing per and lower water-bearing zones.

1. The upper water-bearin zone is approximately 15 feet thick (20 to 35 feet bgs).
The lower water bearin zone is approximately 10 feet thick (65 to 75 feet bgs).

2. [so concentration cont rs were then constructed using these data to the extent
that the detection limi for TPH (1.0 mg/kg) was reached. These maps are
included in report (See igure 17-20). Areas bounded between the contours are
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calculated using the measurement tools built nto AutoCAD. Calculated areas
are listed on each figure.

3. Average concentrations for areas between th: contours are assumed to be the
arithmetic mean of the upper and lower iso c ncentration contour values. (e.g.
the average concentration between the 10 ug/l and 100 mg/L iso concentration
contours is [10+100]/2=55 mg/L). Where an area is enclosed within a single
contour, the average concentration is assumec to be the arithmetic mean of the
Iso concentration contour and the highest value within the iso concentration
contour (e.g. if the 1,000 rng/L contour enc oses an area where the highest
reported concentration is 5,260 mg/L, the ave 'age concentration is assumed to
be [5,260+1,000]/2=3,130 mg/L). Average concentrations are assumed to be
homogeneous throughout the contour interval.

4. The groundwater volume (cubic feet [ftsj) is c lculated by multiplying the area
by the interval thickness (15 feet in the shall: w groundwater zone, 10 feet in
the deep groundwater zone), and then multiplj ing this product by the porosity.
The porosity for clean, medium sand is as sum d to be 32%.

5. The hydrocarbon mass is calculated by multiplying the groundwater volume
(litres [LJ) and the average concentration (rng/L), then dividing by 109 mg/L.

, .
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Residual Hydrocarbon Mass - 2021

• Based on analytical data, and TPH Iso conce tration contour maps the mass
of petroleum hydrocarbon remaining in soil \ as calculated. Residual mass of
petroleum hydrocarbons in soil is estimated \) be approximately 1,053.93 kg
based on ORO and TPH concentrations (See Tlable S).

• Total mass of petroleum hydrocarbon in soil v as estimated to be 32,797.61 kg
based on GRO and TPH concentrations in 201) (See Appendix-E & F).

• Based on the groundwater analytical data, ane TPH Iso concentration contour
maps the mass of petroleum hydrocarbons in g oundwater was calculated. Mass
of petroleum hydrocarbons in groundwater is estimated to be approximately
2.11 kg (See Table 9).

• Total mass of petroleum hydrocarbons in grpundwater was estimated to be
1,380.97 kg in 2015 (See Appendix -E).

Comparison between 2015 & 2021 Soil Analytical Da a

• The DRO & TPH concentrations detected in samples collected from soil in
February 2021 are very low compared to the con entrations recorded in2015.

• Significant reduction in concentration of petrole Ulll hydrocarbons was observed
at all depths. A reduction of greater than 90% v as observed at most depths and
locations indicating remedial efforts are effective .

Table A - Comparison Study & % Reduction of DR( concentration [0 '-10 'l bgs of
Soilfrom 2015-2021

Well Installed in ORO [0'-10'] Well Installed ORO [0'-10']
% Reduction

2015 (mg/kg) in 2021 (mg/kg)

MW-IAB / SVE 955.00 ASB -1 0.51 99.93 %
-1
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MW··16AB 25.60 B-2 23.97 6.37 %

MW··17AB 46.00 MW - 25AB 1.68 99.42 %

SVE- 3 / AS-3 844.95 MW - 26A 0.14 99.98 %

Table B - Comparison Study (~ % Reduction ofDRO concentration [10'-20'j bgs of
Soil from 2015-2021

Well Installed in ORO [10'- ~O'] Well Installed ORO [10'-20']
% Reduction

2015 (mg/kg in 2021 (mg/kg)

MW-1AB / SVE- 181.00 ASB -1 0.21 99.88 %1

MW-6A 166.17 MW - 27A 0.21 99.87 %

MW-9A 50.10 MW - 28A BDL 100.00 %

MW -10AB 172.10 MW - 30A BDL 100.00 %

MW -14A 110.50 B-3 5.92 94.64 %

MW -16AB 49.40 B-2 0.48 99.03 %

MW··17AB 35.69 MW - 25AB 7.90 77.86 %

SVE- 3 / AS-3 346.96 MW - 26A BDL 100.00 %

Table C - Comparison Study (~ % Reduction of DRO concentration [20 '-30 'j bgs of
Soil from 2015-2021

Well Installed in ORO [20'- 0'] Well Installed ORO [20'-30']
% Reduction2015 (mg/kg in 2021 (mg/kg)

MW- lAB / SVE-
7220.0( ASB -1 16.09 99.78 %

1

MW-4A 301.00 MW - 26B 1.28 99.57 %
1-'

MW-6A 156.55 MW - 27A 21.86 86.04 %

MW-9A 39.90 MW - 28A 4.71 88.20 %

MW-10AB 74.90 MW - 30A 0.22 99.71 %

MW -14A 185.00 B-3 0.29 99.84 %

MW -16AB 54.60 B-2 7.97 85.40 %
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MW -17AB 54.50 MW - 25AB 6.17 88.68 %

SVE - 3/ AS-3 449.58 MW - 26A 0.96 99.79 %

Table D - Comparison Study & % Reduction ofDRC concentration [30 '-40 '} bgs of
Soil from 2015-2021

Well Installed in ORO [30'-40'] Well Installed ORO [30'-40']
2015 (mgjkg) in 2021 (mgjkg) % Reduction

MW-1AB / SVE-
186.95 ASB -1 2.77 98.52 %

1

MW-4A 563.52 MW - 26B 10.49 98.14 %

MW-6A 171.81 MW - 27A 0.44 99.74 %

MW-9A 2.40 MW - 28A 2.15 10.42 %

MW -14A 132.30 B-3 23.14 82.51 %

MW -16AB 6549.00 B-2 15.83 99.76 %

SVE - 3 j AS-3 420.20 MW - 26A 74.07 82.37 %

Table E - Comparison Study & % Reduction of DRC concentration [40 '-50'} bgs of
Soilfrom 2015-2021

Well Installed in ORO [40'-50'] Well Installed ORO [40'-50']
% Reduction

2015 (mgjkg) in 2021 (mgjkg)

MW -16AB 1693 B-2 0.65 99.96 %

MW -17AB 47.98 MW - 25AB 6.11 87.27 %

Table F - Comparison Study & % Reduction oITP} IT concentration [0 '-10 '} bgs 0/
Soil from 2015-2021

Well Installed in TPH [0'_10'] Well Installed in TPH [0'_10']
% Reduction

2015 (mgjkg) 2021 (mgjkg)

MW- lAB / SVE-
955.00 ASB -1 0.70 99.93 %

1

MW-9A 7.90 MW - 28A 13.55* NA*

MW -16AB 219.60 B-2 25.09 88.57 %

MW -17AB 305.00 MW - 25AB 1.78 99.42 %
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Petroleum Contaminated Site
Bharat Petroleum Corporation Limited
Tondiarpet, Chennai, Tamil Nadu

~/AS-3 844.95 I MW - 26A 0.14 99.98 %

Table G - Comparison Study ~ % Reduction ofTPH concentration [10 '_20 '} bgs of
Soilfrom 2015-2021

Well Installed in TPH [10'-. 0'] Well Installed TPH [10'-20']
% Reduction

2015 (mgjkg in 2021 (mgjkg)

MW- lAB / SVE - 181.00 ASB -1 1.23 99.32 %1

MW-6A 166.17 MW - 27A 0.21 99.87 %

MW-9A 54.90 MW - 28A BDL 100.00 %

MW-10AB 173.59 MW - 30A 0.33 99.81 %

MW -14A 120.20 B-3 6.21 94.83 %

MW -16AB 256.04 B-2 1.17 99.54 %

MW··17AB 344.69 MW-25AB 7.90 97.71 %

SVE- 3 / AS-3 346.96 MW - 26A BDL 100.00 %

Table H - Comparison Study (~ % Reduction ofTPH concentration [20 '_30 ') bgs of
Soil/rom 2015-2021

Well Installed in TPH [20'-3 0'] Well Installed TPH [20'-30']
% Reduction

2015 (mg/kg in 2021 (mg/kg)

MW- lAB / SVE - 7220.0( ASB -1 23.02 99.68 %1

MW-4A 301.00 MW - 26B 1.28 99.57 %

MW-6A 156.55 MW - 27A 30.29 80.65 %

MW-9A 46.30 MW - 28A 6.95 84.99 %

MW -10AB 77.70 MW - 30A 0.22 99.72 %

MW -14A 188.90 B-3 0.29 99.85 %

MW -16AB 279.60 B-2 7.97 97.15 %

MW -17AB 304.50 MW - 25AB 6.17 97.97 %

SVE- 3 / AS-3 449.58 MW-26A 0.96 99.79 %
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Table I - Comparison Study & % Reduction ofTP 't concentration [30 '-40 '} bgs of
Soil from 2015-202V

Well Installed in TPH [30'-40'] Well Installed TPH [30'-40']
% Reduction

2015 (mgjkg) in 2021 (mgjkg)

MW-IAB j SVE-
186.95 ASB -1 3.37 98.20 %

1

MW-4A 563.52 MW - 26B 10.49 98.14 %

MW-6A 171.81 MW - 27A 0.44 99.74 %

MW-9A 6.90 MW - 28A 2.15 68.84 %

MW -14A 143.20 B-3 26.77 81.31 %

MW-16AB 7336.30 B-2 16.42 99.78 %

SVE - 3 j AS-3 420.20 MW - 26A 153.83 63.39 %

Table J - Comparison Study & % Reduction of TPAf concentration [40 '-50'} bgs of
Soil from 2015-202

TPH [40'-50']
(mg/kg)

Well Installed in
2015

TPH [40'-50'] Well Installed
(mg/kg) in 2021

.__._ .-- --- -+----------1

MW -16AB B-2 0.65 99.96 %1707.3

86.45 %MW - 25AB 6.5047.98MW-17AB

Comparison between 2015 & 2021 Groundwater A alytical Data

Shallow Screened Wells

• Significant reduction in concentration of petro eum hydrocarbons was observed
in groundwater monitoring wells.

• The reduction in DRO & TPH concentrations n groundwater samples collected
at on March 2021 in comparison to the hydrocarbon concentrations recorded in
2015 assessment is calculated in terms of pe centage and are in the range of
92.27% to 100% (See Table K to L).
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Table K .. Comparison Study & Va Reduction of DRO concentration of groundwater of
shal ow wellsfrom 2015-2021

Well Sampled DRO in 2015 Well Sampled DRO in 2021
% Reduction

in 201S (mg/L) in 2021 [mg/L)

MW··2A 100.50 MW-2A 0.44 99.56 %

MW-3A 5260.00 MW-3A BDL 100%

MW-4A 105.50 MW-4A 0.16 99.85 %

MW-SA 7.51 MW-SA BDL 100%

MW-6A 1.72 MW-27A BDL 100%

MW-9A 57.27 MW-28A BDL 100%

MW-10A 359.16 MW-30A BDL 100%

MW-12A 8.54 MW-26A 0.66 92.27 %

MW-13A 25.60 MW-13A BDL 100%

MW-1SA 9.78 MW-1SA BDL 100%

MW--!6A 1696.00 MW-16A 0.21 99.99 %

MW-·17A 31.00 MW-25A 0.08 99.74 %

MW-·18A 0.08 MW-18A BDL 100%

MW-22A 0.12 MW-22A 0.15 -2S%

MW-23A 0.99 MW-23A BDL 100%

Table L - Comparison Study & % Reduction ofTPH concentration of groundwater of
sha low wells from 2015-2021

Well , m pled TPH in ')' ) IJjpli . rnp lor. TPH in -1021
% Reduction

II Jl) (nIb -J i 1 .. ,) 1 (Ing/ L)

MW-2A 100.50 MW-2A 0.57 99.43 %

MW-3A 5260.00 MW-3A BDL 100%

MW-4A 105.50 MW-4A 0.16 99.85 %

MW-SA 7.51 MW-SA BDL 100%

MW-6A 1.72 MW-27A BDL 100%

MW-9A 57.27 MW-28A BDL 100%

MW ..10A 359.16 MW-30A BDL 100%

MW ..12A 8.54 MW-26A 0.66 92.27 %

MW ..13A 25.60 MW-13A BDL 100%
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MW-1SA 9.78 MW-1SA SDL 100 %

MW-16A 1696.00 MW-16A 0.21 99.99 %

MW-17A 31.00 MW-2SA 0.08 99.74 %

MW-18A 0.08 MW-18A SDL 100%

MW-22A 0.12 MW-22A 0.15 -2S %

MW-23A 0.99 MW-23A SDL 100%

Deep Screened Wells

• The DRO & TPH concentrations detected in gro [indwater samples collected from
the existing deep screened wells and newly insta led wells are very low compared
to the DRO & TPH concentrations recorded in 2PIS site assessment.

• Significant reduction in concentration of petrol urn hydrocarbons was observed
in groundwater monitoring wells.

Table M - Comparison Study & % Reduction of DR( D concentration of groundwater
of Deep wells from 2015- D021

Well Sampled in DRO in 2015 Weil ~,.rnpl('( In 202
% Reduction

2015 (mg/L) in 2021 wlgjLI

MW-3B 55.00 MW-3B 0.35 99.36 %

MW-SB 2.70 MW-SB 0.12 95.S6 %

MW-16B 156.00 MW-16B SOL 100%

MW-17B 7.50 MW-2sB SOL 100%

MW-23B 0.08 MW-23B SDL 100%

- - MW-26B 0.10 NA

Table N - Comparison. Study & % Reduction ofTPH concentration of groundwater of
Deep wells from 2015-2 D21

Well Sampled in TPH in 2015 Well Sampled IPH In 2021 % Reduction
2015 (mg/L) in 2021 (mg/L)

MW-3B 55.00 MW-3B 0.35 99.36 %

MW-SB 2.70 MW-SB 0.12 95.56 %

MW-16B 156.00 MW-16B SDL 100%

MW-17B 8.50 MW-2sB SOL 100%

MW-23B 0.08 MW-23B SDL 100%

- - MW-26B 0.10 NA
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REMEDIAL EFFORTS
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Petroleum Contaminated Site
Bharat Petroleum Corporation Limite
Tondiarpet, Chennai, Tamil Nadu

SVESystems Operation

• The SVE -1 and SVE-2 mit has been very effective in extracting petroleum
hydrocarbon vapor from th subsurface.

• SVE System No.1 has op rated for 32,238 hours since 20th May 2016 and SVE
System No.2 has operate for 2,555 hours since 13th January 2020 till February
2021.

• SVE-l and SVE-2 unit xtracted approx. 14,979.31 Kilograms & 1,760.27
Kilograms respectively as f February 2021 and a total of 16,739.58 Kilograms
(Approximately) had been [emoved as of February 2021 (see Table 5 & 6) .

..
SVE ·1 Unit
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• In 2018, CMRL began excavating in and around the contaminated area.
Cumulatively, during the period from 241h F bruary 2018, to 3 l " December,
2019 approximately 34,064.80 cubic meters (I 3) of soil was excavated from the
contaminated site along T.H main road betw en M.M Theater and junction of
V.P.K Street-T.H main road,

• TPH mass removed by CMRL activity i1 the contaminated zone was
12,595.16 Kilograms (approximately) and it is estimated using the soil
analytical data of the soil boring advanced fr m the period 2015-20]7 and the
TPH Iso concentration contour maps (See Ta Ie 7 & Figures 21 to 25).

Mass Balance Summary of TPH from 2015 - 2021

• A Mass Balance Summary of the Total P roleum hydrocarbon (TPH) is
evaluated using the lab analytical data, accou ting the total hydrocarbon mass
removed by SVE 1 & 2, Hydrocarbon rec very through absorbent socks,
CMRL activity in contaminated zone and una counted TPH mass removed by
SVE systems during the high slug movement nto treatment system have been
estimated for the period 2015 to 2021 (see Ta le 10).

CONCLUSIONS
• Lateral extent of impact to soil is adequately c aracterized given site constraints

and access issues.
• Lateral extent of impact to groundwater is ade uately characterized to the north

by MW -11 A and 23 A, to the west by MW - A and MW -18A, to the east by
MW-5A and MW-22A and to the south by M -27 A.

• Significant reduction in soil and groundwater oncentrations is being observed
due to remedial efforts and natural attenuation factors.

• Residual mass continues to be present in th 25 to 35 feet bgs interval that
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wan-ants additional rem diation.
• Residents report groun water quality has improved and water from the bore

wells does not smell of etroleum.
• Stratus does not recornn end use of groundwater in private bore wells.

RECOMMENDATIONS

Stratus recommends the followi 19 based on the performance of the SVE systems and
the most recent assessment rep t.

• Given the observation f relatively higher concentrations of ORO and TPH
observed hetween 25 nd 35 feet bgs at a few locations, we recommend
continued SVE systems to reduce concentration of petroleum hydrocarbons in
soil for a period of 6 mo tths.

• We also recommend the continued operation of the air sparge system located at
SVE-2. In addition, Strat s recommends operation ofa second air sparge system
at SVE-l and connectin the second AS system to wells AS-3a and SVE-8.

• We recommend connect ng newly installed wells 26A, located in the alley, and
MW-25A, located in Jcvi Polymer property to the SVE-2, and SVE-l
respectively.

LIMITATIONS:

This document was prepared in eneral accordance with accepted standards of care that
existed at the time this work wa performed. No other warranty, expressed or implied,
is made. Conclusions and rCCOIrmcndations are based on field observations and data
obtained from this work and revious investigations. It should be emphasized that
evaluation of geologic conditio s has not been exhaustive and hence judgments leading
to conclusions and recomme rdations are generally made with an incomplete
knowledge of the subsurface co rditions. More extensive studies may be performed to
reduce uncertainties. This docui ent is solely for the use and information of our client
unless otherwise noted. This report documents activities associated with the
advancement of the soil bor ngs, collection of soil and groundwater samples,
construction, development, and surveying of the monitoring wells,
geological/hydrogeological in erpretations associated with completion of the
subsurface investigation, and information regarding the extent of petroleum
hydrocarbon impact to the subs rface.

Page 23



Dr. lndumat hi M Nambi
Professor
Environmental & Warer Resources Enuineerinu Division
Department o lCivil Engineering - -
Indian Institute or Technology" ladrus
Chennai - 6000.10. India.

E-mail: indunambitoiiun.ac.in
Phone: -» I-44-}2574~fN(O)

-I) 1--lj-~2~-f.~I\()(RI

August 1, 2021

Mr. Rajesh Kumbhare
GM Operations, Retail South
Bharat Petroleum Corporation Limited
Anna Nagar, Chennai-600040

Subject: Review of Detailed Site Assessment Report Prepa ed by Stratus Environmental for
the Oil Contaminated Site, Tondiarpet, Chennai.

Dear Mr. Rajesh

Indian Institute of Technology, Madras (IITM), has prepar d this letter to provide Mis Bharat
Petroleum Corporation Limited (BPCL) a review of the detail d project report (DPR) prepared by
Mis Stratus Environmental (Stratus). IITM reviewed a DPR repared by Stratus dated April 15,
2021 regarding the status of contamination and effect eness of remediation at the Oil
Contaminated Site, Tondiarpet, Chennai. In addition, IITM Iso reviewed the 2015 Detailed Site
Assessment Report (DSAR), prepared by Stratus and compa ed the two documents.

In the DPR Stratus claims the following:
• Overall geology of the site has not changed since t e initial report prepared by Stratus

in 2015.
• Depth to water at this site has varied greatly bet een 16 and 39 feet below ground

surface creating a large smear zone.
• Free phase product has been completely eliminated
• Large reductions in the concentrations of diesel r nge organics (DRO) in soil samples

analyzed in the laboratory, were observed compar d to the 2015 data. GRO, and BTEX
components were hardly detected in any of the s il samples and indicate significant
reduction compared to the 2015 data.

• Although a large smear was created by the fluctua ing water table, given that the soil
horizon was primarily sand, it appears to have been responsive to soil vapor extraction.

• Levels of contamination in first encountered gr undwater (shallow wells) indicate
significant reduction. DRO concentrations have decreased significantly in most
monitoring wells. GRO and BTEX concentrations are non-existent.

• Very low concentrations of DRO were reported in he lower water bearing zone (deep
wells). BTEX components were not detected in any f the deep monitoring wells.

• Residual Mass of contamination in soil was ca culated to be 1054 kgs as Total
Petroleum Hydrocarbons (TPH) compared to the m ss calculated in 2015 of 32,797 kgs.
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Mr. Rajesh Kumbhare
BPCL
Review of 2021 Oil Contamination Sit

Residual Mass in grou dwater was calculated to be 2.11 kgs based on data in the
shallow groundwater co pared to 1381 kgs in 2015.

• Mass of hydrocarbons emoved by SVE system is 16,740 kgs and Mass removed by
CMRL excavation is 4 9 kgs. Other mass losses could be accounted for through
volatilization and natu al attenuation of the biodegradable components (20-30%
typical) over the five y ars which has been reported in literature. Air sparging must
have accelerated natura bioremediation in the deeper aquifers.

My review of the two documen indicates that the assessment completed in 2021 is consistent
with the assessment conducte in 2015. Overall remediation approach of Stratus has been
done as per the international st ndards in spite of the field constraints and unexpected changes
due to CMRL work. They have one a thorough job of assessment, compilation of data and
prepared a good report. The m st important part of the report appears to be the calculation of
mass in soil and groundwater. he data (figures and calculations) presented by Stratus was
thoroughly reviewed by me and they are consistent with the 2015 calculation and
representative of site conditio s. Stratus does indicate that residual mass continues to be
present in the soil horizon betw en 25 and 35 feet below ground surface in some of the wells.

1. No water or soil samples were collected from the lower water bearing zone and in the
clay layer separating the upper water bearing zone and lower water bearing zone. In
the 2015 study significan contamination was observed in the clay layer. I am concerned
that DRO will continue 0 dissolve from this layer into the upper and lower water
bearing zones for a long eriod of time due to water table fluctuations.

2. No assessment was cond cted on the properties where MW-3 and MW-10 are located.
Significant contaminatio was detected on these two properties during the 2015
assessment.

3. PAH were analyzed in the laboratory but the values are not reported in the report. Since
these are priority polluta ts the data needs to be rechecked in soil samples closer to
MW3 and MW10

4. In page 12, Xylene conce trations were reported to be as high as 76.5mg/1 which is on
the higher side of WHO r commended 0.5mg/1 for drinking water. But this is found only
in 2% of the samples. A r assessment is required for these sampling locations too since
BTEXare priority pollutan s like PAH

5. Similarly, some mass of s il from CMRLsite was moved to different places for landfilling.
I understand TNPCB man ored the excavation and permitted removal of soil with TPH
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Mr. Rajesh Kumbhare
BPCL
Review of 2021 Oil Contamination Site DPR

below CPCBpermissible limits, I hope the water pu peel is also disposed properly after
treatment to permissible limits,

Recommendations:

1. The residual TPH in the zones which were impacte heavily can be removed only by
continued operation of SVE and AS until the Dutch s andards are met in every location
particularly closer to spill source as per the tender. ased on experience, this may take
one year. An assessment at locations close to spill si e such as Suhas hospital and alley
will give a confirmation of clean up.

2. Odour thresholds are much lower than health risk ba ed regulatory levels, The reported
concentrations have met regulatory levels in soil an water in most of the locations, In
order to make the aquifer usable by the residents, pint of use treatment systems can
be provided in the impacted households to eliminate trace level organics. The residents
using the water will be the ultimate proof of the clea up and bring closure to the entire
operation,

Overall, I appreciate BPCL'scommitment to clean up the ite and the excellent execution of
the project to come to this level. To my knowledge, this the first oil contaminated site to
be cleaned up with advanced insitu SVE- Air Sparging te hnology. This project will set the
precedence for cleanup of oil contaminated sites in India and BPCL's role in this is
commendable.

Sincerely,
'\

~L- ..,~,cL::---Dr. Indumathi M. Nambi, Ph, 0
Professor,
Department of Civil Engineering

INDIAN INSTITUTE OF TECHNOLOGY, MADRAS
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F.No.l02/Iegal(NGT)/TN/RDC/2020-21
To,

....~
:--....""w..-

I

CENTRAL POLLUTION CON ROL BOARD
REGIONAL DIRECTORATE - CHENNAI

Mr. K. B. Reddy
Chief Installation Manager
Bharat Petroleum Corporation Ltd.
35, Vaidynathan Street, Tondairpet
Chennai - 600081

NGT Matter
August 03, 2021

Sub: Hon'ble National Green Tribunal, Principal Bench, N w Delhi order dated May 27, 2021 in the
matter of OA No. 176 of 2013 (SZ) (Earlier O. A. No. 62/2019) V. P. Krishnamoorthy Vs. The
Union of India &Ors. on remediation of oil conta inated site at Tondiarpet, Chennai -
regarding

Sir,
This has reference to Hon'ble NGT order dated May 7,2021 in the matter of O.A. No. 176 of

2013 (SZ) V.P. Krishnamoorthy Vs. The Union of India & rs is enclosed for ready reference. The
Hon'ble NGT directed that as reproduce below:

"The Central Pollution Control Board as well as Tamil Nadu ollution Control Board and Mis BPCL are
directed to file their further st(/IIIS (//1(1 C0171IJ/i(/ncereport in -Illdillg the steps taken rl.!g((rding further
remediation process that is being suggested by the CIJC/J (//1(/ rc~(/rding the health study that is directed to
be done by the 1CMR and submit the reports /0 this Tribunal n or before 27.08.2021 bye-filing in the
form of Image PDF along with necessary hardcopies 10 be prod -ced as per Rules"

In view of the above and in order to comply with NGT irections, Mis BPCL is hereby directed to
submit compliance report of following tasks on or before Augus 06,2021:

I. As per the action plan decided in joint meeting at the hi, hcst level held under the chairmanship or
Chairman, CPCB at Chennai on March 01.2019, upon c mplciion ofCMRL soil excavation works,
Mis BPCL to submit a Detailed Project Report (DPR) fo revised remediation scheme based on re-
assessment of site along with site specific target levels SSTLs) for remediation based on human
health risk assessment.

ii. Installation of Soil Gas Probes to Monitor VOCs in Vado zone of Subsoil at 3 locations in affected
area, wh ich shall become part of rev ised rerned iation SChCI1C.

III. Augmentation of SVG system by connecting all available wells to both SVL system and to operate
both SVE system continuously to optimise snil vapour ext action

iv. Steps taken to entrust the health impact study to ICMR.

Encl.: As above

Yours faithfully

) I. q. 'I 0",,,-,,0

, I ro., if
(H.D. Varalaxmi)
Regional Director



Copy to,

For kind information and with request to
follow up & necessary action, pis

(i) The Member Secretary
Tamil Nadu Pollution Control Bard
No. 76, Mount Salai, Guindy
Chennai - 600032

(ii) The District Environmental Engii eel'
Tamil Nadu Pollution Control Bard
1st floor, 6/1, Sri Jothi Complex
Murugesan [Street, Bala Vinayag I' Nagar
Arumbakkam, Chennai - 600106

For kind information and with request to
follow LIp& necessary action, pis

(iii) Divisional Head, WM -J,
CPCB, Delhi - 32

For kind Information, pis

'. '-~ ,,'J
~ I -) I . ,E I ...., \,..\,A./

(H.D. Varalaxmi)
Regional Director
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REF: TNP: OPS: 7/CON

To

The Member Secretary,
Tamilnadu Pollution Control Board,
No.76,Mount Salai,
Guindy,
Cllennai-600032

Respected Sir,

• I' lKH
1)

Dt. 05.08.2021

SUB: REASSESSMENT OF OIL CONTAMINATED SITE A TONDIARPET CHENNAI &
SUBMISSION OF DETAILED PROJECT REPORT 0 R POST COMPLETION OF
CMRL WORKS: CHENNAI : Hon'ble NGT COURT C SE No. OA No. 562/2013

Ref: 1) TNPCB Letter T2/TNPCSIF.0173/CHN/2020 dated 14 12.2020

2) CPCB letter B-29016/(NGT-5)/18/wM-1/9122 dated 2 .10.2020

As authorized vide above ref. letters from TNPCB & CPCS, we ave conducted the reassessment
of the site post completion of CMRL works in compliance to action point NO.9 of MOM dated
01'.03.2019 and Hon'ble NGT Court orders dated 08.02.2019 18.09.2019 and Detailed Project
Report ( DPR ) has been completed.

The Detailed Project Report (DPR) submitted by our re ediation consultant M/s Stratus
International Inc., has also been got vetted by Indian Institute f Technology Madras.

We submit here with the DPR report along with liT Madras opi ion/comments as required.

Thanking you,
Yours Sincerely,
For Bharat Petro eum Corporation Ltd,

CC: Chairman,CPCB,Delhi.
CC : Regional Director,CPCB,Chennai.
CC: DEE,TNPCS,Chennai.

Ene!. Ala

_-
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REF! TNP: OPS: 7JCON Dt.06.08.2021

To

The Regional Director
CENTRAL POLLUTION CONTROL BOARD
Ministry of Environment, Forests & Climate Chang
2nd Floor, 77-A, South Avenue Road
Ambattur Industrial Estate, Chennai - 600058

Kind Attn: Ms H.D.Varalaxmi

Respected Madam,

SUB: REMEDIATION WORK OF OIL CONTAMINAT D SITE AT TONDIARPET

Ref: Your letter ref: F.No.102/Iegal(NGT)/TN/RDC/202 -21 dated August 03, 2021

Action plan/reply with respect to four points sought in ove letter is as follows.

i. As per the action plan decided in joint meeting at he highest level held under the
chairmanship of Chairman, CPCB at Chennai on M rch 01, 2019, upon completion
of CMRL soil excavation works, Mis BPCL to sa mit a Detailed Project Report
(OPR) for revised remediation scheme based on r -assessment of site along with
site specific target levels (SSTLs) for remediatio based on human health risk
assessment.

We have already forwarded the DetaNed Project Report (OPR) vetted by 1fT, Madras as per
reference no. TNP: OPS: 7/CON dated 05.08.2021.

As per the direction of the CPCB and TN PCB. BPCL's .onsultant Stratus Environmental,
Inc. (Stratus), conducted an environmental site inve tigation between February and
March 2021 to reassess the extent of petroleum ydrocarbon impact to soil and
groundwater post CMRL excavation activity, and reinst lied monitoring bore wells

.~

_.

001.
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(replacement of wells lost due ~')CMRLactiv ~y';tc eva'uate the lateral extent of impact to
groundwater

Stratus has prepared a Detaile Project Report (OPR) to present the findings of the site
assessment conducted at the harat Petroleum Corporation Limited (V. P Koil Street -
T.H Main Road) Petroleum Con aminated Site, Tondiarpet, Chennai.

Based on the DPR, Stratus doe not recommend a revised remediation scheme for the
site. Given the presence of res: ual petroleum hydrocarbon mass between 25 to 35 feet
bgs, Stratus recommended cd 'tlor' of more wells to SVE systems for soil vapor
extraction. Stratus recommende connecting newly installed wells 26A, located in the
alley, and well MW-25A, locate in Devi Polymer property to the SVE-2, and SVE-1
respectively. Stratus in the OPR tate that continued operation of SVE and AS would be
adequate to remediate the residu I mass in soil and groundwater.

ii. Installation of Soil Gas Prob s to Monitor VOCs in Vadose zone of Subsoil at 3
locations in affected area, whic shall become part of revised remediation scheme.

Given the low concentration in t e influent air samples of the SVE system, we do not
believe soil gas probes installatio would be necessary at this point. However, if CPCS
insists, we will direct Stratus to ins all the soil gas probes.

iii. Augmentation of SVE system by connecting all available wells to both SVE
system and to operate both SV system continuously to optimize soil vapour
extraction. "

As per the direction of the epes a d TNPCB, BPCl's consultant Stratus Environmental,
Inc. (Stratus), have been focusing n extraction of petroleum hydrocarbon vapours from
wells available for remediation ctivity in and around CMRL work area and in
contaminated areas.

SVE SYSTEM OPERATION

Stratus is currently operating two SV - systems to mitigate petroleum hydrocarbon impact
on the subsurface near VPK Stree and TH Road. Tondiarpet. Chennai. The SVE -1
system consists of 10 HP extraction lower & SVE -2 system consists of a 20 HP Liquid
ring vacuum pump used to e tract petroleum hydrocarbon vapors from the
contaminated area using vapor extr ction wells. The extracted vapors are abated in a
catalytic oxidizer & thermal oxidizer r ted at 250 (CFM) and 500 (CFM) in systems SVE-
1 and SVE-2. respectively.



In May 2019, Stratus completed the installation of 2 remedtatlon (SVE-2a, SVE-3a) and
1 air sparge (AS-3a) wells in earmarked locations al mg 1.H main road to compensate
for those lost due to CMRL activity (see attached FigL re) and these wells are connected
to SVE unit-t In November 2019, Stratus complete ~ the installation of 2 remediation
wells (SVE-11, and SVE-12) which are shown on figure 2. Stratus completed the
construction activity to connect the remediation wells SVE _ 1, t t, 12 & MW - 2A, 4A)
to the SVE unit-2. In March 2021, Stratus completed th installation of 2 remediation wells
(MW-25A, and MW-26A) and 1 air sparge well (ASS- ) which are shown in the attached
figure. In June 2021, Stratus connected the remedi ation wells (MW- 26A, AS8-1 &
DBAS- 1) to the SVE unit-2.

Stratus began operating the SVE -1 system in May 2016 and SVE-2 beginning 13th

January 2020. SVE-1 is operated 24-hours 8 day 8:1C SVE -2 is being operated for 12
hours since 10tt1 June 2020.

SVE unit 1 is connected to remediation wells listed be.ow.
--..-..----.-~------ _ .., -,--------:------:----_.- ~- -

Operational status _
~---------------------------~----_~----------------------~

SVE - 2A, 3A, 4, 5, 7, 8, 9 & MW - 16A__L.__ . Currently in operation

WelilD

SVE unit 2 is connected to remediation wells listed belc w

I MW~ 2A,4A~~:~ ~~~1;~t- ---- --~~~::~~~~:::t~:n_
AIR SPARGING UNIT OPERATION

Air Sparging unit-1 is currentiy operated at SVE Ulllt-2 and connected to AS wells listed
below.

I AS
_w6e,IAISIDB_ 1 . I~ " '__ Operational status II

Currently in operationt----=-=~~~_2:. ~~.AS -:-.-.,.,- - - ---~. - -.- - Currenfi~/~ot~'i~'?p-eratiO_:t-'_-_-_--___ i

iv. Steps taken to entrust the health impact study to CMR

We are ready to go ahead with the health impact study at any moment direction to that
effect is received from CPCB and TNPCB. As per the m nutes of meeting conducted on

___L---------------



_--

23.04.2021 through VC with 0 icials of CPCB, TNPCB and ICMR , the following is the
latest status in this regard.

u ICMR officials informed that H man Ethics Committee of ICMR has suggested carrying
out the health hazard study aft r the COVID - 19 situation in view of the data collection
like blood and urine samples fr m the affected people in the oil contaminated place at
Tondiarpet will not reflect the Be 'urate information.

In the meeting it was concluded that ICMR shall furnish a detailed report obtained from
National Institute of Epidemiolog containing proposal of health hazard study at affected
place of Tondiarpet with informa 'on of proposed date of start of the study, time duration
along with cost estimation, rele se of fund for study etc. to CPCB & TNPCB so as to
proceed further in this regard as er Hon'ble court order."

Again as per the letter no. NIElD TNPCB!21/15 dated 12th May 2021 addressed to The
Member Secretary, TNPCB, I MR clarified that their Institutional Human Ethics
Committee ( IHEC) has approved the study in principle and suggested that the initiation
of the study may be postponed till COVID 19 pandemic subsides.

We are yet to get any direction ir his regard fro-n CPCB & TNPCB or ICMR.

Thanking you,
Yours faithfully,
For Bharat Petroleum Corporati n Ltd,

Chief Installation Manager

CC : Chairman,CPCB,Delhi.
CC : TNPCB,Guindy, Chennai.
CC: DEE,TNPCB,Chennai.
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Sir

SulJ, Tondiarpet 011 ieak l'leCJ!~t1lr:lpdC\ ):I.;(]",.,_~,utJr':liss!op (l[ do(,:: ','I'ts "eg,
Hef: 1, Discussion during the meeting held on i1 Aug 2021 at 3 p~ 'I at TNPCB Guindy Che'1f1ai

2, Lpti(;r "rO'~1 icrV1R-NI[' NO NIE/D/TNPCB/21/1S elated 12'" May 2021

,\5 <iiSCllS~,;.>~1 :u'lng rhe meeting ci ":'(1 ,;bove, we ,,,'.'Ish to submit t 1(' following details for- vour

iJl? r ,,!':>c1:

St!!(i,! r)ropc)srd cllong ,/,in1 :!'l" hUC!?,€'l r~";ui:Clnr.;I:

2 !Vlel no C1iE' :'0 rrnfo r fund s (1'2 !lSh21 ,

,:u,;ci) can be tre nsferred irom TNrC8 to the account of I rv11Z-NIl: mentioned In tiP IYldndilt€'

falm or through a DO drawn in fdvour 01 "The Director, I ['VIRNtE", pavable at (henna;

:b.:. ,,;uciy Ol(h·('~,r ..(,') ai«: 10' (~.: ·'.J;.;.:t·~ d' t~ ..(~ t:i~l.~ :'- "_".:: ' 1'.,;(' of final "'eport
.~ Srt~j\ th?r:o(l'

Ten months \ 1 :'l1onrl' fC' ",(c':','!"(ll't"'\1 1C", "'(-:, .. 1",~"r'l ::/ t :?i!'l nate! ('oll(~ctl(lr1 l""cj :(

Plr"i\r4,,! tor :<ibdidfCt'y tr;-1 ... :I'le ,,:".c' \·:A· ...; j". \'~I~: '; J:' ". '.!I~ .: (t:ce,Ul of f'l;l('j',

Since thE' ~E'oorted number of CO\IIO 19 cases nave been reduced we wIsh to undertake tile sn.dv
uPO:1 re,,(>q')t n' the h..nds ?'Oill TI'JP:'f3

lOr Manoj \.' I\.'llirnekari
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Health impact of Petroleum OiHLea among residents of
Tondtarpet, Chennai - A Cross Sectional Study

Investigators: R Prabu ..BS Baqepally, 8 Ganesh, C Elavara u, and A Elangovan
Background:

Petroleum products contain more than 1000 che icals, which are considered as

carcinogens.' The exposure (both acute and chronic) to hemical components of petroleum

products can affect the health and cause illness.? AI hough pipeline transportation of

natural gas and petroleum is considered safer and ch aper than ground transportation,

pipeline failures, failing infrastructure, human errors, nd natural disasters can result in

major pipeline disasters.' As such, previous incid have been shown to cause

detrimental effects co the environment and the publ C 5 safety.' Oil spills .iave maier

environmental and economic effects as well affects hum n health.

Northern part of Chennai is a major industrial hub and any petroleum refineries, storage

terminals are also located. The petroleum products are transported to the storage

terminals from the refineries using underground p pelines, which traverse through

residential and commercial areas. Leakage in the petrol urn carrying pipeline systems had

been reported in news papers in the past. One such I akage incidence took place in an

underground pipeline of Bharat Petroleum Corporation imited (BPCL), at Tondiarpet area

. of Chennai during the year 2013. That underground p peline was laid between Chennai

Port and BPCL terminal and transporting motor spirit and high speed diesel petroleum

products. A public complaint was filed by the re .idents of Tondiarpet regarding

contamination of groundwater. The complaint was inv stigated by Tamil Nadu Pollution

Control Board (TNPCB) on 13/07/2013 and the inspecti n revealed presence of petroleum

products in groundwater. A public interest litigation ( IL) petition was filed in Hon'ble

National Green Tribunal (NGT), South Bench, Chennai b_ residents, which was admitted as

Application No. 176 of 2013 in August 2013. Following, PCL has dummied and abandoned

that pipeline and the initiated remediation works as per the directions of Central Pollution

Control Board. Some of remediation work include provi ion of water to the public residing

in the complained area and to measures to extract the silled petroleum products from the

ground.

A joint meeting was conducted by the stakeholders on Sl March 2018 to take stock of the

remediation work and finalize further action plan for e pediting the remediation process.

As decided by the Committee, TNPCB has reque ted iCMR-National Institute of

Epidemiology/ICMR-National Institute for Research in Environmental Health/ICMR-

National Institute of Occupational Health to work in c ordination to conduct a study to

assess the health impact due to oil leakage in the population living in the affected area and

submit the report.

[CMR-NIE conducted a consultative meeting involving ex erts in General Medicine (Madras

Medical College), Environmental Engineering (liT-Mad -as), Occupational Health (ICMR-

NIOH) and Epidemiology (ICMR-NIE) on 6lh January 20 0 to discuss and finalize the plan



for assessing the health impact o· the residents living in the affected area. As decided in tile

meeting} we propose to conduct he study with the objective to assess the health impact of

the population exposed to oil pip line-leak in Tondiarpet area and unexposed population in

Royapuram area in Chennai in collaboration with ll'l-Madras. Madras Medical College,

ICMR-NIOH-ROHC(S)} ICMR-NIR H.

Objectives;

1. To assess the health i pact of the population exposed to oil pipeline-leak in

Tondiarpet area and unex osed population in Royapuram area in Chennai

2. To obtain the data on current: level of petroleum residues in the soil and ground

water in the exposed ar a from the agency involved in remediation process/It't-

M/other relevant agencie

Study design: Cross-sectional stu y

Study population: Residents (ag] d 5 years and above) of the oil pipeline leaked area in

Tondiarpet (exposed to oil lea c) and residents of Royapurarn area (unexposed to oil

pipeline leak).

Sample size: We will include all e eligible individuals residing within 200 m2 radius from

the oil leakage point The popul tion density of Chennai is 26553/KM2 as per 2011 census.

The approximate number of p puJation residing in 200 m2 radius is 3335. Hence the

sample size for this study is 333 each in study and control areas.

The sampling area is based on th plume boundaries of the environmental study conducted

Figure 1: Spread of oil plume in s udyarea
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Residents: living in the study are

* Residents of Tondiarpet rea (200 meters radius from the main site of Oil leak in
Varadaraja Peru mal Stree ) (Figure 2) .,
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Exclusion Criteria

Controls:

It Residents of Royapuram area residing within the radius of 200 meters from St.

Anne's Girls Higher Secondary School, Royapuram. The area was chosen, since the

exposure parameters are similar to case area

pipelines.
cept underground petroleum

Figure 2: Oil leak area in Tondiarpet (marked in circle)

Sampling method:

We will recruit all the population residing in the expose and unexposed areas. If any

resident is not available during the survey, only one more a tempt will be done on next day

for recruiting,

Data collection:

Socio-dernographic details including duration of their stay i the area, occupational details,

self reported morbidity details, maternal & child health an developmental delays related

will be collected from the participants. Venous blood (10 I) and urine (50 ml) samples

will be collected from randomly chosen 10% of the stud population aged 5 years and

tested for biochemical parameters and metabolites of th petrochemicals, In a 10% of

population aged ~18 years, spirometry and resting state he' rt rate variability tests will also

be done. (100ft) of poputation in exposed and unexpose area [(3332+3332)-20% non

response/absence during the visits=533 rounded to 550]

List of investigations:

e Complete Blood Count

• Lipid profile

o Liver function test

• Renal Function Test

Q Lung function - spirometry

e Heart Rate Variability

(iI Urinary metabolite -Polycyclic aromatic hydrocarbo s

.. -------_ ..-_ .. -............ -~



• Blood petroleum met bolites (PAl-:! metabolites as per environmental protecrron

agency, USEPA)

Attempts will be made to obt in the Health Management Information System data from the

hospitals in the area such as epartment of dermatology of Stanley Medical College, MMC,

KMC, Government Peripheral hospital, CDH and major private health facilities to assess the

trend of morbidities before a d after the oil leak events and will be analysed.

Mortality data:

We will collect the mortality data of both the included areas from the concerned public

authorities.

Environmental and biomonit ring data:

The report of historical and current environmental sample testing particularly ground

water, and soil will be obtain from IIT-M, the agency involved in the remediation process,

CPCB/TNPCB and other age cies to assess the presence of petrochemicals and their

concentration in the expose area. ICMR-NIOH-ROHC(S) will involve in assessing the

urinary biomarkers ofpolycy lic aromatic hydrocarbons (PAHs).

Human participant protection:

We will obtain approval fro Ethics Committee of ICMR-i\JIE before initiating the study.

The written informed cons nr/assent from all the study participants before study

enrolment. We will provide SI itable referral services to the nearest public health facility to

the participants, if necessary.

Expected Outcome:

1. Morbidity pattern amo g the residents of oil leak exposure and the control area

2. Description of the piau ible effect of remediation works on morbidity pattern

We will develop scientific anuscripts from the study findings for wider scientific
dissernmation.

Study duration: Total: 10 mo ths

Preparatory activities: 1mont

Data collection including traini g and pilot study: 6 months

Lab testing: 2 months

Data analysis and report prepa ation: 1 month
Study tirnelines

Scientific Advisory Committee Approval obtained

Institutional Ethics Committee Approval obtained
---.------ _ .._- .._--- ......_.__ ..__ . . - __ - - __ .._._---_ - .4
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Study start date - Date of receipt of funds from TNPCB

Budget (amounts mentioned are excluding applicable taxes):

S No H~~~ . _ _ _ __ J~mount
1 Non recurring 3,7o,boo

-.------- ...-.-- --.---t---- ----.---.-----.- --.-_.
2 Recurring 94',2c ,500

___ i

4 Institutional overhead 9,79,750

3 Contingency 4,89,375

Total 1,12, p7,125
L. _ _ • . .......J _ _ __ . . __ __J
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TAMIL NADU POLLUTION C NTROL BOARD
From,
Thiru R Karman M.Tech.,
Member Secretary
Tamil Nadu Pollution Control Board,
76, Mount Salai, Guindy,
Chennai - 600 032.

To

Sir,

Sub: TNPCB-HWM - Remediation of oil con tam nated site at Tondiarpet -

Compliance of orders Dt. 27.5.2021 of the on'ble NGT(SZ) in O.A No.

176/2013(SZ) -to conduct health stud in the vicinity of Oil

contaminated site & proposal received from M/ s ICMR- communicated

and to provide necessary funds-Regarding.

<The nstallation Manager
M/ s Bharath Petroleum
Corp ration Limited
Elya Mudali Street,
Che nai - 600081.

Letter No. T2

Ref 1. Orders Dt. 27.5.2021 of the Hon le NGT(SZ) in O.A No.

176/2013(SZ

2. Joint meeting held on 11.8.2021 at TN CB with officials of CPCB,

ICMR & BPCL.

3. ICMR-NIE Lr.No. NIE/D/TNPCB/2021/4 dt.12.8.2021

This has reference to the compliance of rder dt 27.5.2021 of the

Hon'ble NGT (SZ) order Dt 27.5.2021 in 0 AN. 176 of 2013 related to

remediation of oil contaminated site at Tondia pet by BPCL. As per the

Tribunal order, CPCB, TNPCB & BPCL shall file th ir further status report and

compliance report including the steps being ta en regarding remediation

process by BPCL and the health study by the lCM before 27.8.2021.

In order to observe status on remediatio work being done, at oil

contaminated site Tondiarpet, a joint inspection as carried out by team of

officials of CPCB, TNPCB & BPCL on 6.8,2021 and observed the work progress

and collected the samples,

A Joint meeting was held on 11.8.2021 at NPCB Corporate office with

officials of CPCB, ICMR & BPCL regarding to carry out health study on health

hazard that has happened in that area due to leaka e of the pipeline of BPCL.
------ --------- - _-
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Based on the decision taken in the meeting, the ICMR has furnished the

proposal for the said study a ong with budget estimation at a cost of Rs.

1,12,67,125/ -to TNPCB, is hereby enclosed.

Hence, it is requested to .ake necessary steps in this regard and release

90% of the total budget Rs. 1,0 ,40,413/- in the mode of Demand Draft favour

of « The Director, ICMR NIE' payable at Chennai and the same may be

delivered to ICMR through 0/0 NPCB.

Receipt of this letter shed be acknowledged.

~, ....
_.....", , h
. ',!'/(i; Y/L

For Mernber Secretary

Encl : As above

Copy To

1. The Regional Director
Regional Directorate (Sou h)
Central Pollution Control oard
77-A South Avenue
Ambattur Industrial Esta e
Ambattur
Chennai - 600 058.

2. The Director
National Institute of Epid miology (ICMR)
R 125, 3rd Avenue
Tamil Nadu Housing Boar
Ayapakkam
Chennai- 60077.

3. DEE, TNPCB, Chennai



BEFORE THE HON'BLE NATIONAL

GREEN TRIBUNAL SOUTHERN ZONAL

BENCH, CHENNAI

O.A. No.176 of 2013(SZ)

(earlier O.A. No. 562 of 2018 (PB))

IN THE MATTER OF:

V.P. Krishnamoorthy
...Applicant

Vs.

Union of India & Ors.
...Respondents

STATUS REPORT AND DOCUMENTS
FILED BY THE 6TH RESPONDENT

S. RAMASUBRAMANIAM AND
ASSOCIATES

COUNSEL FOR 6TH RESPONDENT
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