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CHRYSO India Pvt. Ltd. having an operational manufacturing unit, located at Plot No, E-72,
MIDC Additional Patalganga, At — Karade (Budruk), Tal: Panvel, Dist. Raigad, Maharashtra.
The unit is manufacturing wide range of chemicals for construction (cement admixture) and
cement industries (cement grinding aid) since 2018.

Prior to expansion, the facility had a capacity of 60,000 metric tons per month (MT/M) of
Cement Admix and Cement Grinding Aid (through blending and mixing activity only) which
falls under MSME category. The earlier operations did not fall under EIA Notification, 2006
and EC was not required. Company had obtained Consent to Establish and Operate from
Maharashtra Pollution Control Board (MPCB) for manufacturing of Cement Admixture &
Cement Grinding Aid through blending & mixing activities only.

The company planned for expansion of manufacturing facility in the same premises within
same premises to manufacture one of its current key raw material namely Acrylic Co-
Polymer. Chryso has obtained the Environmental Clearance vide Letter No. F.No. |A-J-
11011/253/2019-1A 1(1) dated 14™ July 2020 (Annexure |) for the proposed expansion and
Consent to Establish (CTE) vide Letter No.Format1.0/AS(T)/UAN No. 0000093396/CE-
2007001439 dated 22" July 2020 (Annexure I1).

Post construction and installation activities, Chryso has obtained the Consent to Operate
(CTO) for abovesaid expansion alongwith amalgamation of existing CTO on 12th April 2023
vide Letter No. Format1.0/AS(T)/UAN No. MPCB-CONSENT-0000158770/CR/2304000763
from MPCB (Annexure lIl). The financial closure of the project was done on 16" March 2021
and the date of start of the commercial production was 25" March, 2021 (Declaration copy
attached as Annexure V).

The site can be accessed from Mumbai through Mumbai-Pune Expressway. The Patalganga
Industrial area and site is connected with Mumbai-Pune Expressway through Dand-Apta
Road (4.7 km aerial distance). The nearest Railway station is Apta, which is approximately,
1.8 km (aerial distance).) The nearest Airport Chhatrapati Shivaji Maharaj International
Airport, Mumbai- 64 km (road distance).

Chryso had carried out the expansion of manufacturing facility in the same premises within
the existing shed to manufacture one of its current key raw material namely Acrylic Co-
Polymer. The raw material, acrylic co-polymer for Cement Admixtures are imported as there
are limited manufacturer in India. Therefore, producing this will reduce import cost of the
company. The salient features of the expansion project is provided as Annexure V.

Chryso is committed towards conserving the environment and work for the welfare of the
neighbouring community. As part of CER, Chryso has engaged with the local regulatory
authority to understand the needs of the community.

The compliance status of the conditions mandated with the Environmental Clearance with
the proposed expansion project is provided below.



Compliance Status on Environmental Clearance

for June 2023 - November 2023
vide Letter No. F.No. 1A-J-11011/253/2019-1A lI(l) dated 14t July 2020

Specific Conditions

Compliance Status

12 ()

Individual risk contours and societal risk F-N
curves for acrylic acid shall be submitted by 3
D CFD technique

Based on expert opinion, CFD studies
are normally performed to assess the
dispersion of flammable or toxic
releases, or overpressures resulting
from explosions. Also, FD studies are
often used to assess probabilistic risks
associated with a facility, including
those due to explosions. In principle,
CFD should enable more refined
Quantitative Risk Assessment (QRA)
modelling of explosions, but often the
CFD output is of limited benefits due to
range of factors, such as

* Acrylic acid is flammable liquid
under normal conditions, resulting
in potential pool fire scenario when
released. At different process
condition, there may be other
hazardous outcomes.

* Many scenarios will be considered
in QRA, while a limited number of
design cases are modelled in CFD;

» Extracting information from a CFD
file can often be complex,
expensive, time consuming and rely
on manual estimates from figures/
interpolation from data tables;

Hence, QRA using PHAST software is a
prudent option for two numbers of 50
KL Acrylic acid tank.

The quantitative risk modelling report is
attached herewith as Annexure VI.

12 (ii)

As already committed by the project
proponent, Zero Liquid Discharge shall be
ensured and no waste/treated water shall
be discharged outside the premises. All
the waste water to be collected and to be
reused after treatment

There are no external discharge of the
wastewater from the facility. Domestic
wastewater is treated in the STP and
wastewater generated from floor
washing is treated in the ETP.

This is a ZLD facility. The facility has an
existing ETP of 5.0 m3¥/day. The effluent
generated from Cooling Tower blow
down and Scrubber blow down and
floor washing is being treated in the




existing ETP and the treated water will
be utilized in the blending process.

(iii)

Solvent management shall be carried out as
follows:

Solvents are not handled at the facility,
hence not applicable

12 (iii) a. | Reactors shall be connected to chilled brine Not applicable
condenser system

12(iii) b | Reactor and solvent handling pump shall Not applicable
have mechanical seals to prevent leakages

12 (iii) ¢ | The condensers shall be provided with Not applicable
sufficient HTA and residence time so as to
achieve more than 99.7% recovery

12 (iii) d | Solvents shall be stored in a separate space | Not applicable
specified with all safety measures.

12 (iii) e | Proper earthing shall be provided in all the Not applicable
electrical equipment wherever solvent
handling is done

12 (iii) f | Entire plant shall be flame proof. The solvent | Not applicable
storage tanks shall be provided with
breather valve to prevent losses

12 (iii) g | All the solvent storage tanks shall be Not applicable
connected with vent condensers with chilled
brine circulation.

12(iv) Total fresh water requirement shall not Chryso has an agreement with MIDC
exceed 108 cum/day, proposed to be met | for supply 50 m3/day of water. Earlier,
from MIDC water supply. Prior permission | the monthly average consumption was
in this regard shall be obtained from the 800 m3. Post-expansion, the water
concerned regulatory authority requirement has increased to 1603 m?3

equivalent to around 53 m?/day. It is to
be noted that the water consumption is
subject to production volume. However,
the requirement will not exceed 108
m3/day.

12(v) Process effluent/any wastewater shall not be | Site layout showing storm water and
allowed to mix with storm water. The storm- wastewater network is provided as
water from the premises shall be collected Annexure VII. Wastewater will not be
and discharged through a separate allowed to mix with the storm water. All
conveyance system. All the vent pipes should | the vent pipes such as scrubbers and
be above the roof level stack connected with the heater are

above the roof level.

12(vi) Process organic residue and spent Process organic residue and spent
carbon, if any, shall be sent to cement carbon are not generated. ETP sludge
industries. ETP sludge, process inorganic & | will be sent to an authorised TSDF.
evaporation salt shall be disposed off to the
TSDF

12(vii) The company shall undertake waste minimization measures as below:-

12(vii) a. | Metering and control of quantities of active All raw materials are weighed and

ingredients to minimize waste

charged to the system. There is a flow
meter connected to the load cell to the
vessel and reactor.

Efforts to minimize active ingredients in
the production process have been
implemented.




12(vii) b.

Reuse of by-products from the process as
raw materials or as raw material
substitutes in other processes

Not applicable

12(vii) c. | Use of automated filling to minimize spillage Noted. Automatic filling system is
connected and present with all storage
tanks of raw materials and products
with interlocking system.

12(vii) d. | Use of Close Feed system into batch Noted. Use of Close Feed system into

reactors batch reactors is available.

12(vii) e. | Venting equipment through vapour recovery | Dedicated scrubber for acrylic acid
system storage tank and solution vessel and

the reactor are provided.

12(vii) f. | Use of high pressure hoses for Noted. High pressure hoses for
equipment clearing to reduce wastewater equipment cleaning to reduce
generation wastewater generation is present.

12 (viii) | The green belt of at least 3-5 m width shall The facility is spread over 8001 sq. m.
-be developed, mainly along the plant The plant has earmarked approx. 350
periphery, in downward wind direction, and sq.m for greenbelt development.
along road sides etc. Considering the land Approx. 200 sg.m of land has already
constraints in the project site, as proposed been covered under greenbelt. Chryso
green belt shall be developed in the adjacent | has taken adjacent MIDC plot no OS-9,
plot covering 33% of total project area.- The | admeasuring 6925 sq.m on lease for
project proponent shall purchase the the purpose of plantation. A total of 355
adjacent land or shall have agreement with plant species (Annexure VIII) were
the -concerned authority for a longer planted covering more than 2646 sqm
period. The status of the greenbelt and (equivalent to 38.2%) as part of
additional area so acquired shall be plantation drive during spring time in
informed to the Regional Office of the 2021. The photographs of the plantation
Ministry through the six monthly drive are provided in Annexure VIII A.
compliance report On 5t June, 2022 Chryso planted

another 50 nos. of tree in same area.

12 (ix) Wild Life Conservation Plan shall be wild life is not applicable since the
implemented as proposed, with the guidance | plot/property is MIDC approved..
from the State Forest/Wildlife Department

12 (x) At least 2.5 % of the project cost shall be A CER report has been prepared in
allocated towards Corporate Environment consultation with District Collectorate,
Responsibility (CER). The CER amount shall | Raigad —I, school officials of Karade
be spend within a period of 3 years in the Budruk and Kharade Budruk. The CER
nearby villages as per the socio-economic plan was finalized for utilization in
study. The project proponent shall have Kharade Budruk village. The CER plan
separate CER bu9get and the same shall not | was submitted to the District
be linked with CSR. Details of work done Collectorate, Raigad —I on 08/06/2021
shall be informed to the Regional Office of and quotation of CER has already been
the Ministry in six monthly compliance report. | received and purchase order has

received and work will be initiated from
2" week of December. The CER plan is
provided as Annexure IX.

12 (xi) The unit shall make the arrangement for Fire-fighting arrangement has been

protection of possible fire hazards during
manufacturing process in material handling.
Fire-fighting system shall be as per the
norms

made in the facility. The provisions of
fire- fighting system present in Chryso is
provided in Annexure X.




12 (ii)

Continuous online (24x7)
system for stack emissions shall
installed for measurement of flue gas
discharge and the pollutants concentration,
and the data to be transmitted to the CPCB
and SPCB server. For ZLD, the unit shall
install web camera with night vision
capability and flow meters in the
channel/drain carrying effluent within the
premises

monitoring
be

On line monitoring system is now
working & healthy only MPCB/CPCB
connectivity is pending.

121

The grant of environmental clearance is further
conditions as under:-

subject to compliance of other general

12.1 (i)

The project proponent shall prepare a site
specific conservation plan and wildlife
management plan in case of the presence of
Schedule-1 species in the study area, as
applicable to the project, and submit to Chief
Wildlife Warden for approval. The
recommendations shall be implemented
in consultation with the State
Forest/Wildlife Department in a time bound
manner.

A site-specific conservation plan and
wildlife management plan was prepared
and submitted to Alibaug Forest
Department. The plan was approved
and forwarded by Panvel Forest
Department and is being reviewed by
Principal Conservator, Thane Divisional
Forest Office, Maharashtra.

12.1 (ii)

No further expansion or modifications in
the plant, other than mentioned in the EIA
Notification, 2006 and its amendments,
shall be -carried out without prior approval
of the Ministry of Environment, Forest and
Ciimate Change. In case of deviations or
alterations in the project proposal from
those submitted to this Ministry for
clearance, a fresh reference shall be made
to the Ministry to assess the adequacy
of conditions imposed and to add
additional environmental protection
measures required, if any.

Noted

12.1 (iii)

The energy source for lighting purpose shall
be preferably LED based, or advance having
preference in energy conservation arid
environment betterment.

LED based lighting is used inside the
industrial premises.

12.1 (iv)

The locations of ambient air quality
monitoring stations shall be decided in
consultation with the State Pollution Control.
Board (SPCB) and it shall be ensured that at
least one station each is installed in the
upwind and downwind direction as well as
where maximum ground level concentrations
are anticipated.

Ambient air monitoring was done at
three locations on 04t and 05"
October, 2023 by a Ministry of
Environment, Forest and Climate
Change (MoEF&CC) recognized
laboratory. The parameters monitored
are as follows:

* Particulate Matter (10);

* Particulate Matter (2.5);

»  Sulfur dioxide;

*  Oxides of Nitrogen;

»  Carbon monoxide;

* Lead,;

*  Ozong;




«  Ammonia;

* Benzene;

* Benzo-alpha-pyrene;

* Arsenic; and

*  Nickel.
The monitoring locations are as follows:

* Near main gate of Chryso;

* Near tanker loading area;

* Near Effluent treatment plant;
All the parameters monitored were
within the stipulated limit of National
Ambient Air Quality Standards
(NAAQS), 2009. The report in detail is
provided in Annexure Xl.

12.1 (v) | The overall noise levels in and around the Ambient noise was monitored in and
plant area shall be -kept well within the around the premises (total 4 cardinal
standards by providing noise control locations) of Chryso on 04th October,
measures including acoustic hoods, 2023 by a MoEF&CC recognized
silencers, enclosures etc. on all sources of | laboratory. The ambient noise
noise generation. The ambient noise levels monitored at four cardinal directions at
shall conform to the standards prescribed the periphery of the site was between
under Environment (Protection) Act, 1986 59.6 dB(A) and 62.3 dB(A) during
Rules, 1989 viz. 75 dBA (day time) and 70 daytime and between 52.5 dB(A) and
dBA (night time). 55.2 dB(A) at night time.

Work place noise was measured at
shop floor area and near Effluent
Treatment Plant (ETP). The noise level
at the work place ranged between 65
dB(A) and 66.4 dB(A) during daytime
and between 56.9 dB(A) and 59.2 dB(A)
at night time.

The noise monitoring report is provided
as Annexure XI.

12.1 (vi) | The Company shall harvest rainwater from Noted and will be complied to.
the roof tops of the buildings and storm water
drains to recharge the ground water and to
utilize the same for process requirements

12.1 (vii) | Training shall be imparted to all employees Training on health and safety aspects of
on safety and health aspects of chemicals chemicals handling is done,
handling. periodically. The records are provided
Pre-employment and routine periodical as Annexure XiII.
medical examinations for all employees shall | Pre-employment medical check-up is
be undertaken on regular basis. done.

Training to all employees on handling of Training on handling of chemicals will
chemicals shall be imparted be imparted periodically.

12.1 The company shall also comply with all the Noted and will be complied to.

(viii)

environmental protection measures and
safeguards proposed in the documents
submitted to the Ministry. All the
recommendation made in the EIA/EMP in
respect of environmental management, and




risk mitigation measures relating to the
project shall be implemented

12.1 (ix) | The company' shall undertake all relevant A CER report has been prepared in
measures for improving the socioeconomic consultation with District Collectorate,
conditions of the surrounding area. CER Raigad —I, school officials of Karade
activities shall be undertaken by involving Khurd and Kharade Budruk. The CER
local villages and administration and shall be | plan was finalized for utilization in
implemented. Kharade Budruk village. The CER plan

was submitted to the District
Collectrorate, Raigad —I on 08/062021
and work on CER will be initiated in
2022-2023 financial year.

12.1 (x) | The company shall undertake eco- Chryso is in discussion with local gram-
developmental measures including panchayet/MIDC on undertaking eco-
community welfare measure's in the development measures including
project area for the overall community welfare measures in the
improvement of the environment project and adjoining area for the

overall improvement of the
environment.

12.1 (xi) | A separate Environmental Management Cell | Chryso has recruited an environment,
(having qualified person with Environmental health and safety officer for its
Science/Environmental Patalganga Unit.
Engineering/specialization in the project
area) equipped with- full-fledged laboratory
facilities shall be set up to carry out the
Environmental Management and Monitoring
functions.

12.1 (xii) | The company shall earmark sufficient Chryso India Limited has earmarked
funds towards capital cost and recurring 7.49 crores for Capital cost and INR
cost per annum to - implement the 1.725 lakh for recurring cost during
conditions stipulated by the Ministry of | construction and 49 lakhs during
Environment, Forest and Climate Change operation stage.
as well as the State Government along with
the implementation schedule for all the
conditions stipulated herein. The funds so
earmarked for environment management/
pollution control measures shall not be
diverted for any other purpose.

12.1 A copy of the clearance letter shall be sent by | A copy of an environmental clearance

(xiii) the project proponent to concerned letter was submitted to MIDC,
Panchayat,- Zillaparish.ad/Municipal Patalganga (Annexure XII).
Corporation, Urban local Body and the local
NGO, if any, from whom suggestions/
representations, if any, were received while
processing the proposal.

12.1 The project proponent shall also submit six Chryso is already complying with this

(xiv) monthly reports on the status of compliance condition. It has already submitted the

of the stipulated Environmental Clearance
conditions including results of monitored data
(both in hard copies as well as by e-mail) to
the respective Regional Office of MOEF&CC
the respective Zonal Office of CPCB and
SPCB. A copy of Environmental Clearance

first six monthly EC compliance in
May,2023.




and six monthly compliance status report
shall be posted on the website .of the
company

12.1
(xv)

The environmental statement for each
financial year ending 31st March in Form-V
as is mandated shall be submitted to the
concerned State Pollution Control Board as
prescribed - under the Environment
(Protection) Rules, 1986, as amended
subsequently, shall also be put on the
website of the company along with the status
of compliance of environmental clearance
conditions and shall also be sent to the
respective Regional Offices of MOEF&CC by
e-mail.

Last environment statement submitted
on 29t September, 2023 and present
year will be submitted before scheduled
time.

12.1
(xvi)

The project proponent shall inform the
public that the project has been accorded
environmental clearance by the Ministry
and copies of the clearance letter are
available with the SPCB/Committee and
may also be seen at Website of the
Ministry and at https:/ / parivesh.nic.in/.
This shall be advertised within seven days
from the .date of issue of the clearance letter,
at least in two local newspapers that are
widely circulated in the region of which
one shall be inthe vernacular language- of
the locality concerned and a copy of the
same shall be forwarded to the concerned
Regional office of the Ministry.

An advertisement was placed in a
National Daily - Times of India
(Mumbai/Navi Mumbai edition) on 9t
October, 2020 and in a Marathi
newspaper Mumbai Times on 9th
October 2020. The clipping of the
advertisement has been attached
herewith. Refer Annexure XIll.

121
(xvii)

The project authorities shall inform the
Regional Office as well as the Ministry, the
date of financial closure and final approval of
the project by the concerned authorities and
the date of start of the project.

Noted and will be complied

13

The Ministry reserves the rightto
stipulate additional conditions, if found
necessary at subsequent stages and the
project proponent shall implement all the said
conditions in a time bound manner.
The Ministry may revoke. or suspend
the environmental

Noted

14

Concealing factual data or submission of
false/fabricated data and failure to
comply with any of the conditions
mentioned above may result in
withdrawal of this clearance and - attract
action under the provisions of the
Environment (Protection) Act, 1986

Noted

15

Any appeal against this environmental
clearance shall lie with the National Green
Tribunal, if preferred, within a period of 30

Noted




days as prescribed under Section 16 of the
National Green Tribunal Act, 2010

16

The above conditions shall be enforced,
inter-alia under the provisions of the

Water (Prevention & Control of Pollution)
Act, 1974, the Air (Prevention & Control of
Pollution) Act, 1981, the Environment
(Protection) Act, 1986, Hazardous and
Other Wastes (Management and
Transboundary Movement) Rules, 2016
and the Public Liability Insurance Act, 1991
along with their amendment and Rules
and any other orders passed by the Hon'ble
Supreme Court of India / High courts and
any other Court of Law relating to the subject
matter.

Noted and will be complied
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Environmental Compliance Report SALIENT FEATURES OF THE PROJECT

ANNEXURE V
1. MANUFACTURING PROCESS

1.1 Process Details

Detailed project description with process details has been provided in the following section.

1.1.1 Existing Plant Scenario

At present CHRYSO India Pvt Limited manufactures different grade of Concrete Admixture & Cement
Grinding Aid at their Patalganga plant. Both these products are manufactured under same
manufacturing process, having same process description and mass balance for the final product.
Details of these products are discussed below.

1.1.1.1 Manufacture of Concrete Admixture & Cement Grinding Aid

Process Description

The current products are water based and manufactured through blending and mixing only. Liquid raw
materials, stored in tanks in the tank farm or IBCs are pumped to the Blender in specified measured
quantity. Some quantity of powdered raw materials and additives are added manually in to the
Blender through the addition pot. Then mixing of all raw materials is done in the Blender with the help
of agitator. Samples are then checked at laboratory and after confirming results the batch is released
for packing. As per the customer requirements products are dispatched in tanker or packed in 225 Kg
drums or 1000 Kgs IBCs (Industrial Bulk Container) and dispatched to the customer.

Mass Balance

The mass balance of existing products like Concrete Admixture & Cement Girding Aid and has been
provided in the following Table 1.1.

Figure 1.1 Process Flow Diagram of Existing Product
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Table 1.1 Mass Balance Table for Product A
INPUT Kg/MT Output in Kg/MT
Raw Material Product
Acrylic co-polymer 500 Concrete Admixtures/Cement Grinding Aid 1000
Sodium Ligno Sulphonate 15 Waste Water to ETP
Sodium Gluconate 50 WASTE WATER 0
Glucose 20 Solid /Hazardous Waste
Caustic flakes 5 Solid & hazardous waste 0
Water 410 Emission to Air
Vapour loss to scrubber 0
TOTAL 1000 Total 1000
Table 1.2  Mass Balance of Product B
INPUT Kg/MT Output in Kg/MT
Raw Materials Product
Sulphonated Napthalene 500  Concrete Admixtures/Cement Grinding Aid 1000
Formaldehyde (SNF)
Sodium Gluconate 50 Waste Water to ETP
Caustic flakes 5 Waste Water 0
Water 445 Solid /Hazardous Waste
Solid & hazardous waste 0
Emission to Air
Vapour loss to scrubber 0
TOTAL 1000 Total 1000

1.1.2 Proposed Expansion Project

The expansion project will help CHRYSO in reduction of cost, support Make in India initiative of Indian
Government and reduce the dependency on imports. One of the raw material, Acrylic Co-polymer
used for manufacturing Product A (refer Table 1.1) will be manufactured in-house within the
CHRYSO Patalganga facility. Details pertaining to process description and mass balance are

explained below.

1.1.2.1 Proposed Manufacture of Acrylic Co-polymer

Process Description

Acrylic Acid HPEG

Monomere

Monomere

H202, ascorbic acid, hypophosphite
_

Catalyst Co-Polymer
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Step 1: Solution preparation

Acrylic Acid monomer, Sodium hypophosphite, Ascorbic acid and water measured quantity is taken
into monomer day tank.

Step 2: Water, HPEG and Hydrogen peroxide measured quantity taken into reactor.

Step 3: Reaction

Add feeding solution at controlled condition into reactor maintaining 60°C for reaction. Cool the
reaction mass to ambient temperature and transfer to storage tank.

Mass Balance

Mass balance has been provided in following Table 1.3.

Figure 1.2 Process Flow Diagram of New Product

Table 1.3 Mass Balance of New Product

INPUT Kg/MT  Output in Kg/MT
Raw Materials Product
Acrylic acid monomer 53.7  Acrylic Co-polymer 999.96
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Sodium hypophosphite 8.52 Waste Water to ETP
Ascorbic Acid 1.88 Waste Water 0
HPEG 534.64 Solid/Hazardous Waste
H202 3.62 Solid & hazardous waste 0
Water 397.64 Emission to Air

Vapour loss to scrubber 0.04
TOTAL 1000 Total 1000

Figure 1.3 Existing and Proposed Site Layout on Satellite Imagery
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1. EXECUTIVE SUMMARY

CHRYSO India Pvt. Ltd. Patalganga facility is presently having the capacity of 60000 metric tonnes per
month (MT/M) of Cement Admix and Cement Grinding Aid. The company proposes for expansions of
manufacturing facility in the same premises within the same shed to manufacture one of its currently
key raw material namely Acrylic Co-Polymer. The proposed expansion project requires Environmental
Clearance (EC) form Ministry of Environment, Forest and Climate Change (MoEFCC). M/s Erm India
Pvt. Ltd has been engaged by CHRYSO India Pvt Ltd. for conducting EIA Study and to support in
obtaining environmental clearance. In this context, ERM intends to conduct Quantitative Risk Analysis
for the Acrylic Acid Storage Tanks (2 no’s) to assess the impact to Personnel in the facility.

The objectives of this Quantitative Risk Assessment (QRA) study is to identify and quantify all potential
failure modes that may lead to hazardous consequences and to evaluate their frequencies and extent.
Typical hazardous consequences include fire, explosion and toxic releases. This study provides an
assessment of the risk to plant personnel and to ensure that they comply with the adopted risk criteria
and to demonstrate that risk has been reduced to the extent that is reasonable as per the risk criteria.

In order to meet the objective of the assessment, ERM have identified, assessed potential scenarios
and specified the likelihood and consequence of each event related to potential accidental releases
occurring in the facility.

The detailed assumption register for this QRA study is presented in Appendix A of this report and the
Isolatable section drawing is given as Appendix B of this report.

Based on the results from the assessment, following conclusion and recommendations were made for
further risk mitigating measures.

The following Table shows the LSIR values for workers category.

Table 1 - Location Specific Individual Risk (LSIR)

Location Description LSIR (per year)

1 Tankage area 1.25E-03

The following LSIR contour is produced for CHRYSO Acrylic Acid Storage Tanks

Figure 1 - LSIR Contour for CHRYSO Acrylic Acid Storage Tanks
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Location Specific Individual Risk

Based on the result of above figure, the following observations are inferred.

* Individual risk contour of 1.0E-01 and 1.0E-2 per year are not realised in the facility.

* Individual Risk contour of 1.0E-03 and 1.0E-04 per year are realized in the storage tank area is due
to Pool Fire Hazard. And Individual Risk contour of 1.0E-03 frequency is mostly confined to the
tankage area.

* Individual Risk contour of 1.0E-05 per year is covering other storage tank area and Individual Risk
contour of 1.0E-06 per year is almost covering all other storage tank area in the facility.

Individual Risk Per Annum

Individual Risk Per Annum (IRPA) is calculated for the workers in the facility considering the working
hours of 8 per day. Accordingly, the estimated IRPA for workers in the facility area shown below:

Table 2 - IRPA for Workers

Location Description

1 Tankage area 4.15E-04

From the above table, it is observed that, IRPA for workers in the facility fall under ‘ALARP’ region.

However, the results indicate that the risk is tolerable provided it is kept As Low As Reasonably
Practicable (ALARP).

F-N Curve

Societal risk is the risk exposure by a group of people exposed to the hazard. The F-N curve (Societal
risk) is calculated for onsite personnel’s using societal risk criteria.

Following FN curve shows the frequency (F) of there being ‘N’ of more fatalities due to different failure
cases for facility.

Figure 2 - Frequency (F) - Number of Fatalities (N) Curve

From the above figure, it is observed that the calculated F-N curve for facility falls in ALARP Region
upto 1 fatality and above 1 fatality falls in broadly acceptable region. Maximum number of fatality due
to loss of containment event from the facility is 2 at a frequency of 9.19 E-08 per year which is within
the broadly acceptable region.

Recommendations
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Based on the risk results, the following are recommended to reduce the risk / hazard.

1. Major contributor to risk in the facility is due to pool fire scenarios. Hence it is recommended to
consider the Passive Fire Protection (PFP) for critical load bearing structure to reduce / prevent the
escalation of fire and explosion hazard. Also, consider proper bunding and drain system in the unit
to reduce the pool fire duration.

2. To reduce risk from hydrocarbon release, a Risk Based Inspection (RBI) program shall be
considered in order to reduce the frequency of release.

3. Personnel at facility shall be trained regularly on emergency response and preparedness. Ensure
that emergency handling and mitigation systems are adequate. Mock drills based on emergency
scenario shall be conducted at regular intervals to review emergency preparedness.
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2. INTRODUCTION & BACKGROUND

2.1 Introduction

CHRYSO India Pvt. Ltd. Patalganga facility is presently having the capacity of 60000 metric tonnes per
month (MT/M) of Cement Admix and Cement Grinding Aid (through blending and mixing activity only)
which falls under MSME category. The company proposes for expansions of manufacturing facility in
the same premises within the same shed to manufacture one of its currently key raw material namely
Acrylic Co-Polymer.

The proposed expansion project requires Environmental Clearance (EC) form Ministry of Environment,
Forest and Climate Change (MoEFCC). M/s Erm India Pvt. Ltd has been engaged by CHRYSO India
Pvt Ltd. for conducting EIA Study and to support in obtaining environmental clearance. In this context,
ERM intends to conduct Quantitative Risk Analysis for the Acrylic Acid Storage Tanks (2 no’s) to assess
the impact to Personnel in the facility.

2.2 Report Structure

The remainder of this Assumption register is structured as follows:

m  Section 3 provides the objective, scope of work

m  Section 4 sets out the Methodology for QRA Study

m  Section 5 provides the Failure Case development for QRA Study

m  Section 6 provides the Consequence Modelling

m  Section 7 provides the Consequence Analysis & Results

m  Section 8 provides the Risk Integration

m  Section 9 provides the Risk Assessment & Results

m  Section 10 provides the Safe Handling and Design Consideration for Acrylic Acid

m  Section 11 provides the Conclusion and Recommendation

m  Section 12 provides the references for the QRA Study

www.erm.com Version: 2.0 Proposal No.: 0507656 Client: CHRYSO 30 April 2021 Page 4



QRA STUDY REPORT - ACRYLIC ACID STORAGE TANKS - CHRYSO INDIA
PVT.LTD
QRA Study Report

3. OBJECTIVE & SCOPE OF WORK

3.1 Objectives

The following are the objectives of this QRA study

m Identify hazards associated with the facility.

m  Determine the consequences of Acrylic Acid releases from the Storage vessels
m  This shall include part counts of proposed facilities, if necessary.

m  Determine the frequency of Storage Vessel releases

m  Quantify Individual risk (LSIR & IRPA)

m  Quantity Societal risk (F-N Curve)

m Evaluate the acceptability of these risk levels against risk tolerability criteria

3.2 Scope of work

The scope of work is to carry out Quantitative Risk Analysis Study for the proposed Acrylic Acid Storage
Tanks (2 no’s) and the adjacent piping using DNV Software SAFETI 8.22.

3.3 Definitions

CONSEQUENCE 1t is defined as an event or chain of events that result from the release of a
hazard. The impact or effect is the degree of harm caused by the event.

EVENT TREE A logic diagram of success and failure combinations of events used to identify
accident sequences leading to all possible consequences of a given initiating
event.

F-N CURVE FN curves are frequency-fatality plots, showing the cumulative frequencies (F) of

events involving N or more fatalities. They are derived by sorting the frequency-
fatality (FN) pairs from each outcome of each accidental event and summing
them to form cumulative frequency-fatality (FN) co-ordinates for the plot.

FREQUENCY The number of times an outcome is expected to occur in a given period of time.

HAZARD A state or condition having the potential to cause a deviation from uniform or
intended behaviour which, in turn, may result in damage to property, people or
environment

LOCATION Location specific individual risk for personnel who’s exposure to 365 days
SPECIFIC (Continuous presence at that location). The probability that in one year a person
INDIVIDUAL will become a victim to an accident if the person remains permanently and
RISK unprotected in a certain locations. Often the probability of occurrence in one year

is replaced by the frequency of occurrence per year. The individual risk at
different locations around a particular plant varies.

RISK The combination of the likelihood and the consequences of a hazard occurrence
resulting in an undesirable event.

SAFETY It is the inverse of risk. The higher the risk for an occupation or installation, the
lower is its safety. The popular understanding of safety sometimes appears to be
“zero risk”, but this is impossible in an intrinsically hazardous activity such as oil
and gas production
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SOCIETAL RISK  The relationship between frequency and the number of people suffering from a
specified level of harm in a given population from the realization of specified
hazards. Societal risk is normally presented in the form of F-N curves, which is a
graph of the chance or frequency (F) of events, which can result in N or more
fatalities.

LFL Lower Flammable Limit also called as Lower Explosive Limit (LEL). It is the lower
end of the concentration range over which a flammable mixture of gas or vapour
in air can be ignited at a given temperature and pressure.

VCE Vapour Cloud Explosion

3.4 Abbreviations

Abbreviations Definition

ALARP As Low As Reasonably Practicable

CCPS Centre for Chemical Process Safety

EC Environmental Clearance

EIA Environmental Impact Assessment

ESD Emergency Shutdown Valves

FBR Full-bore Rupture

HAZID Hazard Identification

IRPA Individual Risk Per Annum

LFL Lower Flammability Limit

LSIR Location Specific Individual Risk

MOEFCC Ministry of Environment, Forest and Climate Change

OGP Oil and Gas Producers

PFP Passive Fire Protection

QRA Quantitative Risk Analysis

RBI Risk Based Inspection

SDV Shut Down Valve

SR Societal Risk

UKOOA UK Offshore Operators Associations
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4. QRA METHODOLOGY

The initial key step is the identification of the release scenarios, which are based on Hazard
Identification process usually carried out by internal review of the Process Flow diagrams and Piping &
Instrumentation drawings, and layout configurations. Once the scenarios are defined, then these are
evaluated further for their potential frequency of occurrence and consequence hazard zone. The
frequency analysis is based on the facility equipment count paired with historical frequency data.

The risk result is estimated by the combination of the scenario frequency and consequence with
potential impact to the facility and personnel. A variety of risk metrics may be evaluated depending on
the scope, including Individual risk, societal risk. The risk results are compared to relevant criteria to
evaluate the tolerability and to offer guidance for risk reduction. The key components are illustrated in
below figure:

Figure 3 - QRA METHODOLOGY

Hazard Identification

The hazard identification (HAZID) process identifies the hazards that can exist from the system. There
are several techniques for identifying hazards. The HAZID identifies the range of loss of Containment
scenarios that shall be used as an input in the risk study. The HAZID session results are further
developed to define system boundaries, isolatable sections within the process, release conditions,
materials to be modelled, and other factors.

Estimation of Failure Frequency by Parts-Count Method

The term risk is defined as a function of frequency and consequence. The frequency of occurrence
provides information on how often the event is likely to happen, while the consequences describe the
behaviour of an initial event, such as a hydrocarbon leak.

ERM ensures its quality and accuracy on QRA results by Parts Count method. ERM entrusts parts-
count method which is widely used and agreed in oil and gas industry. The calculations arrived from
parts count method is fed into LEAK Software to estimate the leak frequencies for all the credible
scenarios identified.
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The parts-count method involves counting number of components (actuated valve, manual valve,
flange, instrument connection, piping, vessel, rotating equipment, etc.) within a particular section
boundary. The entire facility will be divided into understandable isolable sections according to the
location of emergency shutdown valves (SDV) that can isolate the hydrocarbon volume from other
hydrocarbon volumes or isolatable sections. In the event of a release, only the material in an isolatable
is considered to be released. Failure frequency of each isolatable section is estimated by parts-count
method so that comprehensive estimate of failure frequency can be done for risk estimation.

DNV’s leak frequency software model LEAKv3.3 shall be used to estimate the expected leak
frequencies of each isolatable section in the facility. The number of and size of manual valves, actuated
valves, flanges, instrument connection, pumps, process vessels, piping, etc. are input to the model,
together with dimensions.

Consegquence Modelling

In parallel with the frequency analysis, consequence modelling evaluates the resulting effects (if the
accidents are to occur) together with the impact on people and assets. In general, the types of
consequences included in the evaluation depend on the scope of the QRA study. Calculation of the
consequences of each possible event often requires some form of computer modelling.

Consequence analysis requires the modelling of a number of distinctive situations, i.e., discharge,
dispersion, fires and explosions (for flammable materials), and impact assessment of how the fire,
explosion or toxic cloud affects human beings.

Risk Calculations

After the frequencies and consequences of each modelled scenario (combination of initiating event,
cause, and consequence) are estimated, they are combined to produce quantified risk results. The risk
shall be calculated for each frequency-consequence pair, and then summed for each area of interest
to yield a total risk for the area.

Risk quantification results are typically presented in several different ways to provide a complete picture.
The quantified risk results can be grouped into two general groups — Individual and Societal Risk.

Location Specific Individual Risk (LSIR) is a measure of the risk at a particular location, without regard
to whether a person might be present or not. Individual Risk Per Annum (IRPA) is defined as the
frequency at which an individual may be expected to sustain a given level of harm from the realisation
of specified hazards. It is usually taken to be the risk of death, and usually expressed as a frequency
per year. For this scope of work, ERM would report the risk to personnel during the normal operations
phase.

Societal (Group) Risk - Societal Risk (SR) is typically presented as an FN curve plotted on a log-log
scale. SR is a measure of the relationship between the cumulative frequency (F) and number of fatalities
(N). Itis defined as the risk experienced by a group of people (including workers and the public) exposed
to the hazard.

Risk Assessment

Risk assessment is the process of comparing the level of risk against a set of criteria as well as
identifying major risk contributors. In the risk assessment stage, the quantified risk results are compared
to pre-established risk criteria (from governmental regulatory requirements, recommended guidelines,
or corporate guidelines) to indicate whether the risks are tolerable or to make some other judgment
about their significance.

Risk assessment identifies the level of risk associated with loss of containment and evaluates against
risk acceptance criteria. It also can be used to identify recommendations that may further reduce the
risk to tolerable levels, if risks are found to be intolerable, or to reduce the overall level of risk to a level
As Low As Reasonably Practicable (ALARP)
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Risk Reducing Measures

A risk assessment can identify risks that exceed the tolerable criteria. In such cases, risk reducing
measures are identified to reduce the risk / hazard.
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5. FAILURE CASE DEVELOPMENT

Failure cases are representations in a risk assessment of the range of possible accidents that might
occur. Hydrocarbon releases from Acrylic acid Storage tanks from CHRYSO INDIA are further analysed
in the below sections.

5.1 Failure Case Scenarios

The failure case scenarios for the Acrylic Acid Storage tanks are identified as per the location of Storage
tanks. In the event of a release, only the material in the section is released. Based on the process
information the following failure case scenarios are identified for the analysis.

Isolatable Representative Leak
Section Section Description . Failure Scenario ID
No. Location
Qutlet pipe from Tank 7 CHRYSO/ISO-1/L/S
1SO1 Acrylic Acid Storage Tank | AOD Pump (TP-302A) 22 CHRYSO/ISO-1/LIM
(ST-302) Heat Exchanger (HE-301A) 50 CHRYSO/ISO-1/L/L
Storage Tank (ST-302) Rupture | CHRYSO/ISO-1/L/FBR
Qutlet pipe from Tank 7 CHRYSO/ISO-2/L/S
1SO2 Acrylic Acid Storage Tank | AOD Pump (TP-303A) 22 CHRYSO/ISO-2/LIM
(ST-303) Heat Exchanger (HE-302A) 50 CHRYSO/ISO-2/L/L
Storage Tank (ST-303) Rupture | CHRYSO/ISO-2/L/FBR
Note:
L — Liquid
S — Small
M — Medium
L — Large

FBR — Full Bore Rupture

The Isolatable section markup in P&ID is given as Appendix B of this report.

5.2

Identified failure cases are defined in terms of material released, quantity released, temperature,
pressure, leak size, leak frequency and ignition probability and the same are provided as input to the
model. Operating pressure, temperature and leak size play a vital role in estimating the release rates
and subsequent consequence of the failure scenario. Input data required for estimation of release rates
and inventory data are taken from enquiry document at the time of study.

Process Conditions and Failure Frequencies

The failure frequency considered for the Acrylic Acid Storage tanks scenarios are also shown in the
below table.

Table 3 - Process Conditions for Acrylic Acid Storage Tanks

Leak
Size

Isolatable
Section

Operating
Temperature

Operating

Failure
Pressure

Frequency

Section

. .. Failure Scenario ID
Description

Acrylic Acid CHRYSO/ISO-1/L/S . . 8.19E-03

ISO1 Storage 22 CHRYSO/ISO-1/LIM 25.00 0.00 1.46E-03
Tank (ST- 50 CHRYSO/ISO-1/L/L 25.00 0.00 7.01E-04

302) Rupture | CHRYSO/ISO-1/L/FBR 25.00 0.00 3.00E-06

Acrylic Acid 7 CHRYSO/ISO-2/L/S 25.00 0.00 8.19E-03

1SO2 Storage 22 CHRYSO/ISO-2/L/IM 25.00 0.00 1.46E-03
Tank (ST- 50 CHRYSO/ISO-2/L/L 25.00 0.00 7.01E-04

303) Rupture | CHRYSO/ISO-2/L/FBR 25.00 0.00 3.00E-06
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6. CONSEQUENCE MODELLING

6.1 Release Scenario Development

The key parameters determining the behaviour of each release, and the subsequent consequences,
are the operating pressure, operating temperature, leak size, release rate, type of material being
released, release duration, isolation times, release inventory, and the release velocity. The general
approach adopted in deriving each of these parameters is explained in detail in the following sections

6.2 Release Detection and Isolation

Release rate affects the size of the resulting inventory of Hydrocarbon and hence the probability of
ignition. Reduction in release rate (in effect, the duration of the release) is important because it limits
the damage that the fire may cause.

10 minutes (600 seconds) of action time for detection and isolation has been considered as per CPR
18E for all scenarios since it is a monitored operation.

Dispersion modelling involves physical modelling of the releases using the failure case data developed
along with the atmospheric/ environmental factors to predict cloud size, shape and concentration for a
vapour release and pool size for a liquid release.

Factors affecting dispersion include release velocity versus wind velocity, atmospheric turbulence,
weather conditions, surface roughness and release location. DNV SAFETI 8.22 software undertakes
consequence calculations for each identified failure, starting with the release of a material from the
source, and then calculates the dispersion and behaviour of the released material in the environment.

6.3 Environmental Conditions

The consequences of released flammable materials into the atmosphere are strongly dependent upon
the rate at which the released material is diluted and dispersed to safe concentrations. The local
meteorology is therefore important in two respects. First, the wind direction determines whether a
release drifts towards or away from vulnerable locations. Second, the actual weather conditions, in
terms of wind speed and stability to determine how quickly the plume disperses.

Variation in wind direction defines the apparent orientation of consequences DNV SAFETI 8.22
accounts for the different wind directions from the wind distribution probability input and combine the
values into the risk calculation. Atmospheric conditions, which include temperature and humidity, are
also addressed.

Stability classes were finalized as per Pasquill-Gifford stability classes as mentioned in Chemical
Process Quantitative Risk Analysis and are shown below.
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Table 4 - Wind Speed and Pasquill Stability Class

Cavliis Night Time ‘ Any Time Heavy
Surface Wind Speed, m/s >4/8 .
Moderate Low Cloud < 4/8 Cloudiness Overcast
<2 A A-B B E F D
2-3 A-B B C E F D
3-4 B B-C C D E D
4-6 C C-D D D D D
>6 C D D D D D

Data on the distribution of wind speeds and directions as referred from India Meteorological Department Data for Nanded, Maharashtra is tabulated below:

Table 5 - Wind Speed and Direction Data

Wind distribution NNE NE ENE E  ESE SE SSE
Night 2.46 328 | 410 | 3.28 | 246 | 246 | 246 | 246 | 246 | 7.38 | 1230 | 14.34 | 16.39 | 11.89 | 7.38 | 4.92
Day 4.76 6.75 | 873 | 595 | 317 | 3.57 | 3.97 | 278 | 1.59 | 556 | 9.52 9.52 9.52 9.13 8.73 | 6.75
Table 6 - Site Meteorological Data
Average ambient air temperature (Average Value) Day: 34.3°C; Night: 19.6°C
Average air humidity Day: 42%; Night: 61%
Solar radiation flux (kW/m?) 0.5

The following environmental conditions will be modelled for the risk analysis:
* Wind speed 1.5 m/s and Pasquill stability factor F for Night Time (1.5F)
*  Wind speed 3 m/s and Pasquill stability factor D for Day Time (3D)
1.5F implies a wind speed of 1.5 m/s and F refers to Stable Condition. 3D implies a wind speed of 3 m/s and D refers to Neutral Condition.

The Event Outcomes and the Damage Criteria used for the Acrylic Acid Storage Tanks is given in the Assumption register and please refer Appendix A for the
basis considered for the QRA Study.

Wwww.erm.com Version: 2.0 Proposal No.: 0507656 Client: CHRYSO 30 April 2021 Page 12



QRA STUDY REPORT — ACRYLIC ACID STORAGE TANKS - CHRYSO INDIA
PVT.LTD
QRA Study Report

7. CONSEQUENCE ANALYSIS & RESULTS

71 Consequence Results

The observations of consequences analysis for the Acrylic Acid Storage Tanks for C hryso India is presented in this section. Consequence distance results for
all scenarios are shown in the below Table:

Table 7 - Consequence (Fire) Distance Results

JET FIRE ‘ FLASH FIRE Pool Fire JET FIRE ‘ FLASH FIRE ‘ Pool Fire

1.5F 3D

Failure Scenario ID Flash Fire Flash Fire

Jet Fire (in kw/m2) ‘ Pool Fire (in kw/m2) Jet Fire (in kw/m2) ‘ ‘ Pool Fire (in kw/m2)

LFL LFL

4 125 37.5 100% LFL 4 125 37.5 4 125  37.5 100% LFL 4 125 | 37.5

CHRYSO/ISO-1/L/S 220 | n/a n/a 2.07 14.41 9.66 n/a 1.99 | n/a n/a 2.53 15.10 | 10.73 n/a

] CHRYSO/ISO-1/LIM 3.98 | n/a n/a 2.41 20.33 | 12.28 nfa | 3.42 | 3.42 n/a 2.80 21.30 | 13.91 n/a
CHRYSO/ISO-1/L/L 4.89 | nla n/a 2.55 20.33 | 12.28 nfa | 448 | 430 | n/a 2.74 21.30 | 13.91 n/a
CHRYSO/ISO-1/L/FBR n/a n/a n/a 6.90 2444 | 14.80 | 8.25 | n/a n/a n/a 7.94 2554 | 16.67 | 8.58
CHRYSO/ISO-2/L/S 220 | n/a n/a 2.07 14.41 9.66 n/a 1.99 | n/a n/a 2.53 15.10 | 10.73 n/a

5 CHRYSO/ISO-2/L/IM 3.98 | n/a n/a 2.41 20.33 | 12.28 nfa | 3.42 | 3.42 n/a 2.80 21.30 | 13.91 n/a
CHRYSO/ISO-2/L/L 489 | n/a n/a 2.55 20.33 | 12.28 na | 448 | 430 | n/a 2.74 21.30 | 13.91 n/a
CHRYSO/ISO-2/L/IFBR n/a n/a n/a 6.90 2444 | 14.80 | 825 | n/a n/a n/a 7.94 2554 | 16.67 | 8.58

Table 8 - Consequence (Toxic) Distance Results

ERPG-1 ERPG-2 ERPG-3 ERPG-1 ERPG-2 ERPG-3
Failure Scenario ID 1.5F Weather Conditions 3D Weather Conditions
‘ 50 ppm 50 ppm 250 ppm
CHRYSO/ISO-1/L/S 382.11 36.84 n/a 194.14 27.61 11.62
1 CHRYSO/ISO-1/L/M 5004.66 n/a n/a 283.43 57.43 n/a
CHRYSO/ISO-1/L/L 3613.57 n/a n/a 304.40 66.67 20.11
CHRYSO/ISO-1/L/FBR 846.24 49.50 40.68 304.86 47.64 29.48
2 CHRYSO/ISO-2/L/S 382.11 36.84 n/a 194.14 27.61 11.62
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ERPG-1 ‘ ERPG-2 ERPG-3 ERPG-2 ERPG-3
Failure Scenario ID 1.5F Weather Conditions 3D Weather Conditions
1ppm ‘ 50 ppm 250 ppm 50 ppm 250 ppm
CHRYSO/ISO-2/L/M 5004.66 n/a n/a 283.43 57.43 n/a
CHRYSO/ISO-2/L/L 3613.57 n/a n/a 304.40 66.67 20.11
CHRYSO/ISO-2/L/FBR 846.24 49.50 40.68 304.86 47.64 29.48
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7.2 Consequence Contour

Consequence contours for each scenario mentioned in the above table in Section 7.1 is pictorially
referred below

Figure 4 - Consequence Contour (Toxic) - CHRYSO/ISO-1/L/S

Figure 5 - Consequence Contour (Jet Fire) - CHRYSO/ISO-1/L/S
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Figure 6 - Consequence Contour (Pool Fire) - CHRYSO/ISO-1/L/S

Figure 7 - Consequence Contour (Flash Fire) - CHRYSO/ISO-1/L/S

Figure 8 - Consequence Contour (Toxic) - CHRYSO/ISO-1/L/M
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Figure 9 - Consequence Contour (Jet Fire) - CHRYSO/ISO-1/L/M

Figure 10 - Consequence Contour (Pool Fire) - CHRYSO/ISO-1/L/M

Figure 11 - Consequence Contour (Flash Fire) - CHRYSO/ISO-1/L/M
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Figure 12 - Consequence Contour (Toxic) - CHRYSO/ISO-1/L/L

Figure 13 - Consequence Contour (Jet Fire) - CHRYSO/ISO-1/L/L

Figure 14 - Consequence Contour (Pool Fire) - CHRYSO/ISO-1/L/L
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Figure 15 - Consequence Contour (Flash Fire) - CHRYSO/ISO-1/L/L

Figure 16 - Consequence Contour (Toxic) - CHRYSO/ISO-1/L/FBR

Figure 17 - Consequence Contour (Pool Fire) - CHRYSO/ISO-1/L/FBR
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Figure 18 - Consequence Contour (Flash Fire) - CHRYSO/ISO-1/L/FBR

Figure 19 - Consequence Contour (Toxic) - CHRYSO/ISO-2/L/S

Figure 20 - Consequence Contour (Jet Fire) - CHRYSO/ISO-2/L/S
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Figure 21 - Consequence Contour (Pool Fire) - CHRYSO/ISO-2/L/S

Figure 22 - Consequence Contour (Flash Fire) - CHRYSO/ISO-2/L/S

Figure 23 - Consequence Contour (Toxic) - CHRYSO/ISO-2/L/M
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Figure 24 - Consequence Contour (Jet Fire) - CHRYSO/ISO-2/L/M

Figure 25 - Consequence Contour (Pool Fire) - CHRYSO/ISO-2/L/M

Figure 26 - Consequence Contour (Flash Fire) - CHRYSO/ISO-2/L/M
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Figure 27 - Consequence Contour (Toxic) - CHRYSO/ISO-2/L/L

Figure 28 - Consequence Contour (Jet Fire) - CHRYSO/ISO-2/L/L

Figure 29 - Consequence Contour (Pool Fire) - CHRYSO/ISO-2/L/L
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Figure 30 - Consequence Contour (Flash Fire) - CHRYSO/ISO-2/L/L

Figure 31 - Consequence Contour (Toxic) - CHRYSO/ISO-2/L/FBR

Figure 32 - Consequence Contour (Pool Fire) - CHRYSO/ISO-2/L/FBR
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Figure 33 - Consequence Contour (Flash Fire) - CHRYSO/ISO-2/L/FBR

8. RISK INTEGRATION

The risk associated with a hazardous event is assessed based on both the damage caused and
probability of its occurrence. Risk is function of Consequence and Frequency. The risks are defined in
terms of risks to an individual and risk to a group of population.

All identified failure cases are defined in terms of location, material released, release duration,
temperature, pressure, leak size, release orientation and leak frequency.

Each failure case calculation in DNV SAFETI 8.22 starts with discharge modelling. Based on release
duration and type of material being released, it directs the dispersion and consequence calculations to
one of 4 alternates, built-in consequence outcome event trees.

For each release case, SAFETI takes the failure case release frequency, multiplies this by the weather
class/ wind speed probability, for the wind directions considered in the study. DNV SAFETI takes this
result and multiplies it by the immediate ignition probability or delayed ignition probability. These results
are multiplied by the event tree consequence branch probabilities, relating to immediate or delayed
ignition branch path.

SAFETI takes the calculated consequence hazard range over equal sized grids and verifies which grid
points are within the consequence hazard area and calculates the magnitude of the consequence at
those grid points. The calculated consequence magnitude at each grid point is then compared to the
SAFETI programmed impact criteria levels. The likelihood of fatality is calculated, based on the impact
probability criteria in SAFET], for the type of consequence and the magnitude of the consequence.

This calculation is repeated for each event tree alternate consequence outcome at each grid point, for
all weather classes/ wind speeds and wind direction, and the result added to the previous risk level, at
each grid point.

Once all risk calculations at all grid points have been completed for the first failure case, the next failure
case will be calculated, again adding all results cumulatively at each grid point. This is repeated until
all failure cases have been calculated, while SAFETI also tracks the risk contribution made by each
failure case at each grid point.

Once completed, SAFETI produces individual risk contour results by linking points of equal risk using
linear interpolation between relevant grid points. The risk contour results are super imposed on the
electronic site map, entered in the SAFETI software. Similar calculations are performed for calculation
of societal risk using Population details at each location of the facility. The persons inside each grid are
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equally distributed in the grid cell instead of at the centre of the grid cell as considered in individual risk
calculations. Refer Appendix A for population data used for the analysis.

8.1 Ignition Probabilities

OGP Data Base estimates the ignition probabilities based on 28 mathematical functions drawn from the
UKOOA look-up correlation which relates ignition probabilities in air to release rate for typical scenarios
both onshore and offshore. The values presented in OGP relate to “total” ignition probability, which can
be considered as the sum of the probability of immediate ignition and delayed ignition.

The following UKOOA look-up correlations was used for determining the ignition probabilities.

Figure 34 - Ignition Probabilities

The IP review of ignition and explosion probabilities concludes that, there are too little data to draw any
firm conclusions but that “risk assessment approaches based on 30:70 to 50:50 split delayed ignition
or jet / pool fire: flash fire / explosion are reasonable”. Furthermore, it also identifies that, on average,
approximately 20% of ignited gas releases result in explosions.
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The proposed explosion probability rule set is therefore:
- 50% of all ignitions are immediate resulting in jet/pool fires (F);
- 50% of all ignitions result in explosion (PEX) and flash fires (1-F-PEX);

Based on the above, the ratio between P (immediate ignition) and P (delayed ignition) is estimated as
50:50. This estimate is supported by the joint industry Ignition Probability Review (IP Research Report),
which shows that approximately 50% of ignitions occur within a minute or so of the leak commencing.
Hence, the splitimmediate: delayed ignition used will be 50:50 for Risk analysis.

The immediate ignition probability can be calculated as,

Pimmediate = Ptotal X 0.50, for plant areas where Piotal is calculated from UKOOA look-up table.

8.2 Individual Risk Acceptance Criteria
Individual Risk

The term “Individual Risk” is used for the calculations of the risk of fatality for someone at a specific
location, if the person is always present at the location, i.e., is continuously exposed to the risk at that
location. This is sometimes referred to as Location-Specific Individual Risk (LSIR).

The process for calculating the levels of risk associated with the facility is:
m  Calculate the Location Specific Individual Risk (LSIR) from Major Accident Hazard events using

the QRA model

m  Define the worker groups and groups of the public (if any) by their location and movements within
the effects zone of the facility

m  Use the QRA model to calculate societal risk, F-N curve

To determine acceptability, the risk results are assessed against a set of risk criteria. The individual risk
criteria adopted for this study is based on UK HSE Criteria and is presented below.

Fatality Risk Criteria

Figure 35 — Individual Risk Acceptance Criteria for Workers
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Figure 36 - Individual Risk Acceptance Criteria for Public

Risk criteria for Individual Risk for Workers are as follows:

+ Individual risk levels above 1 x 10 per year will be considered unacceptable and will be reduced,
irrespective of cost.

» Individual risk levels below 1 x 10 per year will be deemed acceptable.

+ Risk levels between 1 x 10 and 1 x 10 per year will be treated to levels as low as reasonably
practicable (ALARP).

Risk criteria for Individual Risk for Public are as follows:

» Individual risk levels above 1 x 10 per year will be considered unacceptable and will be reduced,
irrespective of cost

+ Individual risk levels below 1 x 10 per year will be deemed acceptable

Individual risk between 1 x 10 per year to 1 x 106 per year will be in the ALARP region

Interpretation of the figure and the values presented above is that if the calculated risk of fatality for any
individual within the specific group of workers is greater than 1x102 per year then the risk is
unacceptably high and requires immediate action. If the calculated figure is less than 1x10° per year,
then it is deemed acceptable with no further action. The benchmark figures are an aid as to where the
risk of fatality per person per year is anticipated to be, given experience of risk assessments throughout
the industry. The tolerable risk level lies between the acceptable and unacceptable levels then it is in
ALARP.

8.3 Societal Risk Acceptance Criteria

Societal Risk is the risk experience in a given time period by the whole group of personnel exposed,
reflecting the severity of the hazard and the number of people in proximity to it. It is defined as the
relationship between the frequency and the number of people suffering a given level of harm (normally
taken to refer to risk of death) from the realization of the specified hazards. It is expressed in the form
of F-N curve using UK HSE FN curve criteria. The UK HSE F-N Curve societal risk criterion is shown
in following Figure.
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Figure 37 - F-N Curve Acceptance Criteria
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9. RISK ASSESSMENT AND RISK RESULTS

Risk assessment is the process of comparing the level of risk against a set of criteria as well as the
identification of major risk contributors. The purpose of risk assessment is to develop mitigation
measures for unacceptable generators of risk, as well as to reduce the overall level of risk to ALARP.

9.1 Location Specific Individual Contour (LSIR)

Location specific Individual risk, the term “Individual Risk” is used for the calculations of the risk of
fatality for someone at a specific location, if the person is always present at the location, i.e., is
continuously exposed to the risk at that location. This is sometimes referred to as Location-Specific
Individual Risk (LSIR). The following Table shows the LSIR values for workers category.

Table 9 - Location Specific Individual Risk (LSIR)

Location Description LSIR (per year)

1 Tankage area 1.25E-03

9.2 Risk Contours

Figure 38 - Individual Risk contour

Figure 39 - Individual Risk contour (Zoom-in)
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Location Specific Individual Risk

Based on the result of above figure, the following observations are inferred.

* Individual risk contour of 1.0E-01 and 1.0E-2 per year are not realised in the facility.
+ Individual Risk contour of 1.0E-03 and 1.0E-04 per year are realized in the storage tank area.

* Individual Risk contour of 1.0E-05 per year is covering other storage tank area and Individual Risk
contour of 1.0E-06 per year is almost covering all other storage tank area in the facility.
9.3 Individual Risk Per Annum (IRPA)

IRPA is calculated for the workers in the facility considering the working hours of 8 per day. Accordingly,
the estimated IRPA for workers in the facility area shown below:

Table 10 - IRPA

Location Description

1 Tankage area 4.15E-04

From the above table, it is observed that, IRPA for workers in the facility fall under ‘ALARP’ region.
However, the results of indicate that the risk is tolerable provided it is kept As Low As Reasonably
Practicable (ALARP).

9.4 Frequency (F) — Number of Fatalities (N) Curve

Societal risk is the risk exposure by a group of people exposed to the hazard.

Following FN curve shows the frequency (F) of there being ‘N’ of more fatalities due to different failure
cases for facility.

Figure 40 - Frequency (F) - Number of Fatalities (N) Curve

From the above figure, it is observed that the calculated F-N curve for facility falls in ALARP Region
upto 1 fatality and above 1 fatality falls in broadly acceptable region. Maximum number of fatality due
to loss of containment event from the facility is 2 at a frequency of 9.19 E-08 per year which is within
the broadly acceptable region.
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9.5 Explosion Risk

A vapour cloud explosion involves a flame moving through a fuel-air mixture. In absence of any
turbulence generation the cloud will burn as a flash fire without the generation of high overpressures.
However, significant turbulence can be generated by obstacles encountered by a flame as it propagates
though the vapour cloud in obstructed regions. This process is subject to a positive feedback so that as
more obstacles are encountered, more turbulence is generated, and this further accelerates the flame.
It is explosions that occur in the presence of obstacles that can generate overpressures with potential
for extensive damage.

The following areas in the facility has been identified as the potential explosion site for explosion
analysis.

* Tankage area

Overpressure hazard distances of 0.14 bar,0.21 bar and 0.35 bar due to flammable releases in the
facility is shown in the below figure:

Figure 41 - Explosion Overpressure Level (1E-07 per year)

From the above, it is observed that the 0.14 bar,0.21 bar and 0.35 bar overpressure due to limited
failure scenarios identified from the facility is mostly confined to the facility.
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10. SAFE HANDLING AND DESIGN CONSIDERATION FOR ACRYLIC ACID

10.1  Major Hazard from Acrylic Acid Storage

Acrylic acid is stable when stored and handled under recommended conditions. Commercially available
acrylic acid is stabilized (inhibited) with hydroquinone monomethyl ether (MEHQ), which prolongs the
shelf life, i.e., the time before spontaneous polymerization occurs. However, this shelf life is reduced
exponentially with increasing temperature. Exposure to high temperatures, therefore, must be avoided.

The polymerization of acrylic acid can be very violent, evolving considerable heat and pressure and
ejecting hot vapor and polymer, which may auto ignite. An explosion hazard exists due to extremely
rapid pressure build up. Several case histories are known in which vessels of acrylic acid exploded due
to violent (“runaway”) polymerization when proper procedures were not followed.

10.2 Causes

Experience has shown that overheating of acrylic acid is by far the most common cause of inadvertent
polymerization. This overheating is often caused by improper procedures being used to thaw frozen
acrylic acid or by heat generated by deadheaded (blocked in) pumps. Other causes of polymerization
are the removal of oxygen (oxygen is necessary to activate the storage inhibitor, MEHQ) or
contamination with incompatible chemicals.

10.3 Prevention

The presence of dissolved oxygen is necessary for MEHQ to function effectively. Thus, acrylic acid
should never be handled or stored under an oxygen-free atmosphere. A gas mixture containing 5 to 21
vol. % of oxygen at one atmosphere should always be maintained above the monomer to ensure
inhibitor effectiveness. In a closed system, this atmosphere must be periodically replenished since
dissolved oxygen is gradually consumed in the inhibition process, forming oligomeric peroxides.

10.3.1 Temperature Control of Bulk Storage Tank and Accessories

The installation of a reliable freeze protection system, which avoids accidental overheating of the acrylic
acid, is highly recommended for all climates where freezing can occur. Thawing Frozen Acrylic Acid
can be Extremely Hazardous.

Piping systems located outdoors (including valves, pumps and filters) should be insulated and heat-
traced to avoid cold spots, which can result in plugging by frozen acrylic acid. Under No
Circumstances Should Steam be used to Heat or Thaw Acrylic Acid. Electrical heat tracing should
not be used on piping systems (including pumps, valves and filters) or vessels in acrylic acid service
unless it can be ensured that the resulting maximum product temperature cannot exceed 45°C (113°F)
during heating or thawing. Self-limiting or constant-wattage electrical heat tracing limited to
temperatures below 65°C (149°F) and instrumented to control at < 45°C is acceptable for this service
because of their additional safety features.

An independent high temperature shutdown at < 45°C (113°F) may also be included as an additional
safety feature to guard against failure of the tracing system.
10.3.2 Protection of Pumps from Overheating

It is highly advised that reliable engineering safeguards, such as redundant instrument interlocks, be
provided to prevent accidental overheating of acrylic acid pumps. Overheating of acrylic acid pumps
can cause a violent polymerization, which may result in serious injury and/or loss of property.

Air driven diaphragm pumps are used for acrylic acid service. Diaphragm pumps usually stop pumping
if deadheaded and may not require instrument interlocks to protect against overheating.
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10.3.3 Avoid Polymer Formation in Vent Nozzles and Lines

It is advisable that precautions be taken to minimize potential condensation of acrylic acid in vent
nozzles and lines. Acrylic acid condensed from vapor does not contain MEHQ stabilizer and is prone
to form polymer, which can plug critical pressure and vacuum relief lines. Below are some precautions
which can be taken.

1. Insulate and trace vent nozzles and lines to help keep the temperature above the dew point. For
tracing, use heat transfer fluid < 45° C (113° F). Under no circumstances should steam be used to
heat or thaw acrylic acid. Electrical heat tracing should not be used on piping systems (including pumps,
valves and filters) or vessels in acrylic acid service unless it can be ensured that the resulting maximum
product temperature cannot exceed 45°C (113°F) during heating or thawing. Self-limiting or constant-
wattage electrical heat tracing limited to temperatures below 65° C (149° F) and instrumented to
control at << 45° C is acceptable for this service because of their additional safety features. An
independent high temperature shutdown at < 45° C (113° F) may also be included as an additional
safety feature to guard against failure of the tracing system.

2. Nozzles which are prone to plug can be swept with a gas in order to minimize condensation. Inject
some gas containing 5 to 21 vol. % of oxygen into vent nozzles. The use of dry, oil free air is suggested.

3. Slope vent lines to drain condensed liquid back to a vessel when possible and provide liquid drains
where stagnant liquid pockets may develop. Polymer formation is likely in stagnant pockets of
uninhibited acrylic acid.

10.3.4 Indoor Acrylic Acid Storage Facility

Indoor acrylic acid storage facilities must be well ventilated to prevent local accumulation of vapors,
which can have potential harmful effects on personnel. It is suggested that local exhaust systems be
considered to supplement the general exhaust system and that adequate air change rates are ensured.
It is recommended that all laboratories be provided with a sufficient number of properly designed
exhaust hoods. All indoor bulk storage tanks should vent outside of the building.
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11. CONCLUSION AND RECOMMENDATIONS

QRA Study has been carried out as per the Methodology provided in Section 4 of this Report.

Based on the results from the assessment, following conclusion and recommendations were made for
further risk mitigating measures.

The following Table shows the LSIR values for workers category.

Table 11 - Location Specific Individual Risk (LSIR)

Location Description LSIR (per year)

1 Tankage area 1.25E-03

The following LSIR contour is produced for CHRYSO Acrylic Acid Storage Tanks

Figure 42 - LSIR Contour for CHRYSO Acrylic Acid Storage Tanks

Location Specific Individual Risk

Based on the result of above figure, the following observations are inferred.

* Individual risk contour of 1.0E-01 and 1.0E-2 per year are not realised in the facility.

* Individual Risk contour of 1.0E-03 and 1.0E-04 per year are realized in the storage tank area is due
to Pool Fire Hazard. And Individual Risk contour of 1.0E-03 frequency is mostly confined to the
tankage area.

* Individual Risk contour of 1.0E-05 per year is covering other storage tank area and Individual Risk
contour of 1.0E-06 per year is almost covering all other storage tank area in the facility.

Individual Risk Per Annum

Individual Risk Per Annum (IRPA) is calculated for the workers in the facility considering the working
hours of 8 per day. Accordingly, the estimated IRPA for workers in the facility area shown below:

Table 12 - IRPA for Workers

Location Description

1 Tankage area 4.15E-04
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From the above table, it is observed that, IRPA for workers in the facility fall under ‘ALARP’ region.

However, the results indicate that the risk is tolerable provided it is kept As Low As Reasonably
Practicable (ALARP).

F-N Curve

Societal risk is the risk exposure by a group of people exposed to the hazard. The F-N curve (Societal
risk) is calculated for onsite personnel’s using societal risk criteria.

Following FN curve shows the frequency (F) of there being ‘N’ of more fatalities due to different failure
cases for facility.

Figure 43 - Frequency (F) - Number of Fatalities (N) Curve

From the above figure, it is observed that the calculated F-N curve for facility falls in ALARP Region
upto 1 fatality and above 1 fatality falls in broadly acceptable region. Maximum number of fatality due
to loss of containment event from the facility is 2 at a frequency of 9.19 E-08 per year which is within
the broadly acceptable region.

1.1 Recommendations
Based on the risk results, the following are recommended to reduce the risk / hazard.

1. Major contributor to risk in the facility is due to pool fire scenarios. Hence it is recommended to
consider the Passive Fire Protection (PFP) for critical load bearing structure to reduce / prevent the
escalation of fire and explosion hazard. Also, consider proper bunding and drain system in the unit
to reduce the pool fire duration.

2. To reduce risk from hydrocarbon release, a Risk Based Inspection (RBI) program shall be
considered in order to reduce the frequency of release.

3. Personnel at facility shall be trained regularly on emergency response and preparedness. Ensure
that emergency handling and mitigation systems are adequate. Mock drills based on emergency
scenario shall be conducted at regular intervals to review emergency preparedness.
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ANNEXURE A - ASSUMPTION REGISTER
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1. INTRODUCTION & BACKGROUND

1.1 Introduction

CHRYSO India Pvt. Ltd. Patalganga facility is presently having the capacity of 60000 metric tonnes
per month (MT/M) of Cement Admix and Cement Grinding Aid (through blending and mixing activity
only) which falls under MSME category. The company proposes for expansions of manufacturing
facility in the same premises within the same shed to manufacture one of its currently key raw
material namely Acrylic Co-Polymer.

The proposed expansion project requires Environmental Clearance (EC) form Ministry of
Environment, Forest and Climate Change (MoEFCC). M/s Erm India Pvt. Ltd has been engaged by
CHRYSO India Pvt Ltd. For conducting EIA Study and to support in obtaining environmental
clearance. In this context, ERM intends to conduct Quantitative Risk Analysis for the Acrylic Acid
Storage Tanks (2 no’s) to assess the impact to Personnel in the facility.

1.2 Assumption Register Structure

The remainder of this Assumption register is structured as follows:

m  Section 2 provides the objective, scope of work;

m  Section 3 sets out the Methodology for QRA Study;

m  Section 4 provides Assumptions & Input Data
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2. OBJECTIVE & SCOPE OF WORK

21 Objectives

Following are the objectives of this QRA study

m Identify hazards associated with the facility;

m  Determine the consequences of Acrylic Acid releases from the Storage vessels;
m  This shall include part counts of proposed facilities, if necessary.

m  Determine the frequency of Storage Vessel releases;

®  Quantify Individual risk (LSIR & IRPA);

m  Quantity Societal risk (F-N Curve);

m Evaluate the acceptability of these risk levels against risk tolerability criteria;

2.2 Scope of work

The scope of work is to carry out Quantitative Risk Analysis Study for the proposed Acrylic Acid
Storage Tanks (2 no’s) and the adjacent piping using DNVGL Software PHAST & SAFETI 8.22.
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3. QRA METHODOLOGY

The initial key step is the identification of the release scenarios, which are based on Hazard
Identification process usually carried out by internal review of the Process Flow diagrams and Piping
& Instrumentation drawings, and layout configurations. Once the scenarios are defined, then these
are evaluated further for their potential frequency of occurrence and consequence hazard zone. The
frequency analysis is based on the facility equipment count paired with historical frequency data.

The risk result is estimated by the combination of the scenario frequency and consequence with
potential impact to the facility and personnel. A variety of risk metrics may be evaluated depending on
the scope, including Individual risk, societal risk. The risk results are compared to relevant criteria to
evaluate the tolerability and to offer guidance for risk reduction. The key components are illustrated in
below figure:

Figure 1 - QRA METHODOLOGY

Hazard Identification

The hazard identification (HAZID) process identifies the hazards that can exist from the system. There
are several techniques for identifying hazards. The HAZID identifies the range of loss of Containment
scenarios that shall be used as an input in the risk study. The HAZID session results are further
developed to define system boundaries, isolatable sections within the process, release conditions,
materials to be modelled, and other factors.

Estimation of Failure Frequency by Parts-Count Method

The term risk is defined as a function of frequency and consequence. The frequency of occurrence
provides information on how often the event is likely to happen, while the consequences describe the
behaviour of an initial event, such as a hydrocarbon leak.

ERM ensures its quality and accuracy on QRA results by Parts Count method. ERM entrusts parts-
count method which is widely used and agreed in oil and gas industry. The calculations arrived from
parts count method is fed into LEAK Software to estimate the leak frequencies for all the credible
scenarios identified.
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The parts-count method involves counting number of components (actuated valve, manual valve,
flange, instrument connection, piping, vessel, rotating equipment, etc.) within a particular section
boundary. The entire facility will be divided into understandable isolable sections according to the
location of emergency shutdown valves (SDV) that can isolate the hydrocarbon volume from other
hydrocarbon volumes or isolatable sections. In the event of a release, only the material in an
isolatable is considered to be released. Failure frequency of each isolatable section is estimated by
parts-count method so that comprehensive estimate of failure frequency can be done for risk
estimation.

DNV GL'’s leak frequency software model LEAKv3.3 shall be used to estimate the expected leak
frequencies of each isolatable section in the facility. The number of and size of manual valves,
actuated valves, flanges, instrument connection, pumps, process vessels, piping, etc. are input to the
model, together with dimensions.

Consequence Modelling

In parallel with the frequency analysis, consequence modelling evaluates the resulting effects (if the
accidents are to occur) together with the impact on people and assets. In general, the types of
consequences included in the evaluation depend on the scope of the QRA study. Calculation of the
consequences of each possible event often requires some form of computer modelling.

Consequence analysis requires the modelling of a number of distinctive situations, i.e., discharge,
dispersion, fires and explosions (for flammable materials), and impact assessment of how the fire,
explosion or toxic cloud affects human beings.

Risk Calculations

After the frequencies and consequences of each modelled scenario (combination of initiating event,
cause, and consequence) are estimated, they are combined to produce quantified risk results. The
risk shall be calculated for each frequency-consequence pair, and then summed for each area of
interest to yield a total risk for the area.

Risk quantification results are typically presented in several different ways to provide a complete
picture. The quantified risk results can be grouped into two general groups — Individual and Societal
Risk.

Location Specific Individual Risk (LSIR) is a measure of the risk at a particular location, without regard
to whether a person might be present or not. Individual Risk Per Annum (IRPA) is defined as the
frequency at which an individual may be expected to sustain a given level of harm from the realisation
of specified hazards. It is usually taken to be the risk of death, and usually expressed as a frequency
per year. For this scope of work, ERM would report the risk to personnel during the normal operations
phase.

Societal (Group) Risk - Societal Risk (SR) is typically presented as an FN curve plotted on a log-log
scale. SR is a measure of the relationship between the cumulative frequency (F) and number of
fatalities (N). It is defined as the risk experienced by a group of people (including workers and the
public) exposed to the hazard.

Risk Assessment

Risk assessment is the process of comparing the level of risk against a set of criteria as well as
identifying major risk contributors. In the risk assessment stage, the quantified risk results are
compared to pre-established risk criteria (from governmental regulatory requirements, recommended
guidelines, or corporate guidelines) to indicate whether the risks are tolerable or to make some other
judgment about their significance.

Risk assessment identifies the level of risk associated with loss of containment and evaluates against
risk acceptance criteria. It also can be used to identify recommendations that may further reduce the
risk to tolerable levels, if risks are found to be intolerable, or to reduce the overall level of risk to a
level As Low As Reasonably Practicable (ALARP)
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Risk Reducing Measures

Arisk assessment can identify risks that exceed the tolerable criteria. In such cases, risk reducing
measures are identified to reduce the risk / hazard.
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4. ASSUMPTIONS AND INPUT DATA

As part of the QRA process, rule sets / assumptions have to be agreed prior to the execution of the
critical steps. The rule sets and assumptions that will be applied for QRA Study are outlined below

If any of the values applied in this document are altered, the risk results presented in the report may
no longer be valid. Consequently, alteration of any of these assumptions may generate a need for
update of the QRA study. The table below gives an overview of the assumptions and basis made for
QRA study. A detailed description of the assumptions is found in the subsequent forms in this section.

Table 1 — List of Assumptions

S. No Description ‘
Failure Cases Selection

Process Parameters

Leak size, Release Rate and Release direction

Detection & Isolation Time

Parts Count & Failure Frequencies

Ignition Probability Data

Meteorological Data

Population

Event Trees

Event Outcomes

Impact Criteria

Individual Risk Criteria

oozl lo|le|~vN|o|a|s]w|v]=

Societal Risk Criteria

Software & Database

—
S

—_
(@]

Report Structure
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Quantitative Risk Assessment

Assumption No: 01

Subject: Failure Cases Selection

All facilities normally containing hazardous material shall be considered during identification of
failure cases. All identified failure cases shall be defined in terms of location, material released,
quantity released, released condition including inventory flow/ pumped flow, temperature,
pressure, leak size, leak direction, leak elevation, leak frequency and ignition probability.

Identification of isolatable sections is required to determine the inventory available for release
upon loss of containment. Following assumptions are made for determining isolatable sections.

An isolatable section is defined as section between SDVs. Isolatable inventory will be considered
for modelling purpose.

QRA study inputs like isolatable sections, process parameters etc. will be based on the P&ID,
PFD, and Plot Plan etc. Isolatable sections will be marked up on the P&IDs for traceability, if
necessary.

Normally No Flow (NNF) lines are not considered for inventory analysis.

Open and closed drains are generally low pressure and NNF type and will not be considered in
inventory analysis or for the purpose of identifying isolatable sections.

A representative release location for each release scenario shall be derived from the plot plan/
equipment layout of the respective area.

Representative release sizes will be considered to determine the frequencies and release rates.
ERM shall use systematic naming convention to detail the various failure cases.
Failure case Id structure: Area/Segment / Phase/Leak size

For e.g., CHRYSO/ISO1/L/S

Where,

1SO1 is Leaking Isolatable Segment between XV-XXXX and XV-XXXX

G is the phase of the release, typically “G” for gas, “L” for Liquid and “T” for Two-Phase

S is the Leak size, typically “S” for Small, “M” for Medium, “L” for Large and “FBR” for Full Bore Rupture.

Reference for Documentation:
¢ General Practice
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Quantitative Risk Assessment

Assumption No: 02

Subject: Process Parameters

For each failure case, the key inputs to the derivation of release parameters will be the material,
phase, process conditions (temperature and pressure), flow rate and isolatable section volume /
inventory, as described below:

Material: The releases will be represented as a mixture composition, based on the various
hydrocarbons in the stream and input to the PHAST discharge modelling.

Table 2 - Materials handled inside the facility

S. No Materials

1 Acrylic Acid

Process conditions (temperature and pressure) — Temp. = 17 to 25 Degree C; Pressure —
Vacuum 250 mm WC.

Flow Rate: 20 m3/hr from recycle pump

Volume / Inventory: The section volume is derived from the vessel volumes, together with
estimates of line lengths associated with each section and the estimated fill fraction of each
vessel.

Reference for Documentation:

m  ERM General Practice
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Quantitative Risk Assessment ‘

Assumption No: 03 ‘

Subject: Leak Size, Release Rate and Release Direction

The representative leak hole sizes to be modelled are selected to ensure that the entire range of
potential hole size is represented in the modelling. The leak hole size in reality can range from a
pinhole leak on one side to a full-bore rupture on the other extreme.

Leak Size for Process Installations:

For each of the sections containing process equipment or piping, four representative leak sizes will
be considered to determine the initial frequencies and release rates:

m  Small: Leaks between 0 and 10 mm — modelled as 7 mm hole size
m  Medium: Leaks between 10 and 50 mm- modelled as 22 mm hole size
m Large: Leaks between 50 and 150 mm— modelled as 70 mm hole size

m FBR: Leaks greater than 150 mm — modelled as full-bore rupture.
Table 3 - Representative leak sizes for Process Installations

Leak Representative Hole Size (mm) for Hole Size Range (mm)
Category Process Installations (Based on OGP 434-1)

Small 7 1-10
Medium 22 10 - 50

Large 70 50 - 150

FBR Full-Bore Rupture > 150 (Note 1)

Note 1: Leak size for rupture case would be maximum piping size connected to equipment

Release from Storage Tanks

For Storage Tanks, two representative leak sizes will be considered to determine the initial
frequencies and release rates:

Table 4 - Representative leak sizes for Storage Tanks

Leak Category Representative Hole Size (mm)

Small 10 mm

Catastrophic Rupture -

Release Rate

Gas Release Case:

The representative release rate in gas release case is generally taken as the initial
release rate, which is calculated within the PHAST Discharge Model.

Liquid Release Case:

The representative release rate in liquid release case is generally taken as the initial
release rate, which is calculated within the PHAST Discharge Model. In case, the initial
release rate (calculated by PHAST Discharge model) is very large (larger than normal
flow rate) then the representative release rate will be restricted to the normal flow rate.

Release direction
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Quantitative Risk Assessment ‘

Assumption No: 03 ‘

Subject: Leak Size, Release Rate and Release Direction

Release will be modelled as oriented horizontally at a height of 1m to ensure conservatism.

Reference for Documentation:

m  ERM General Practice

m OGP, Risk Assessment Data Directory , Report No. 434-1, March -2010
m OGP, Risk Assessment Data Directory, Report No. 434-4, March -2010
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Quantitative Risk Assessment ‘

Assumption No: 04 ‘

Subject: Detection & Isolation Time

The total inventory includes static as well as dynamic inventories. The dynamic inventory is
calculated as the product of the representative release rate and the duration for which it is applied.
Static inventory is the hold-up volume in the isolatable section. Thus, the inventory released is the
mass released prior to isolation plus the isolatable static inventory.

+ Detection Time is the time required by the Leak Detection System to detect a leak.
* Response Time is the time taken by the operator to validate the leak and respond.
*  Shutdown Time is the time for the SDVs to close down.

+ Total isolation time includes detection time, response time and shutdown time.

Blocking systems can be present to limit the outflow once a loss of containment occurs. The
operation of blocking valves can be triggered by, for instance, a detection system for gas or the
detection of an excess flow. The blocking valves can be closed either automatically or through an
operator.

Three different types of blocking systems are distinguished

* An automatic blocking system is a system where the detection of the leakage and closure of the
blocking valves is fully automatic. There is no action of an operator required.

- The closing time of the blocking valves is two minutes.

* A remote-controlled blocking system is a system where the detection of the leakage is fully
automatic. The detection results in a signal in the control room. The operator validates the signal
and closes the blocking valves using a switch in the control room.

- The closing time of the blocking valves is ten minutes.

* A hand-operated blocking system is a system where the detection of the leakage is fully
automatic. The detection results in a signal in the control room. The operator validates the signal,
goes to the location of the blocking valves and closes the valves by hand.

- The closing time of the blocking valves is 30 minutes.

Based on the detection and blocking system considered in engineering, the closure time of 10
minutes shall be considered for inventory analysis.

Reference for Documentation:

CPR 18E, Purple Book. Section 4.4.1
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Quantitative Risk Assessment ‘

Assumption No: 05 ‘

Subject: Parts Count and Failure Frequencies

Failure Frequency data used as in the study is presented in this section.

Process Piping / Equipment for Installations

Failure Frequency Estimation within the Process Installation involves counting the number of
components (valves, flanges, blinds, instrument tapping, etc.) within a particular section boundary.

In part count, the scope of valve includes the valve body, stem, and packing but excludes flanges.
These flanges shall be counted separately. Normally opened valve assembly may be counted as
one valve and two flanged joints; whereas normally closed valve assembly (where only leaks from
one side of valve would cause the consequence) may be counted as 0.5 times of the valve and one
flange joint. Sample parts count methodology is detailed in Table below.

Table 5 — Parts Count Methodology

Symbols Parts Count

1 Manual Valve & 2 flanged joints

Il

Gasket L 1 flanged joint

Valves (Manual Valve, Control Valve, NRV, BDV)

1 valve (if valve has flanged joints and normally open)
is counted as:

N 1 Valve

2 flanged joints

1 valve (if valve has flanged joints and normally close)
is counted as:

0.5 valve

1 flanged joint

Actuated Valve (SDV)

Isolatable Section 1

N For Isolatable Section 1
0.5 Valve

Isolatable Section 2

1 flanged joint

For Isolatable Section 2

0.5 Valve

1 flanged joint
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Quantitative Risk Assessment

Assumption No: 05

Subject: Parts Count and Failure Frequencies

\ PSV

N 0.5 Actuated Valve

Fluid stops here | 1 flanged joint

1 Instrument Connection is counted as:

1 instrument connection

In case of flow orifice instrument is counted as:

1 instrument connection.

‘ 1.5 flanged joint

Includes the instrument itself plus up to 2 instrument
valves, 4 flanges, 1 fitting and associated small-bore

piping.

Spectacle Blind = 1.5 flanged joint

Generic data for leak frequencies of individual items of process equipment together with the
distribution of leak sizes are derived from analysis of OGP, Risk Assessment Data Directory,
Report — 434-1, March 2010. The same is mentioned in below tables.

For QRA study, leak frequencies will be estimated using Leak v3.3 based on Full & Limited
Release type data from OGP.

Table 6 - Failure Frequencies for Piping for Full Releases from OGP

B" DIA 127 DA 18" DbA | 24" DIA 26" DIR

HAOLE DIA = DA {150 (200 1438 (GO0 o

RANGE imml | (30 mm} mm| mm) mm} mm| mmy
103 5.5E-05 2AE-O% 2.3E-D5 £, 3805 £ AE-05 2.38-0%
Ao 10 1.8E-05 B.5E-iE TGE-DE THE-Q6 JAE-08 T AE-0H
10w 50 T.0E-Db Z.TE-0E 2 AE-DG 2AE-05 iA4E-Q5 2.JE-H
S ta 150 0. 0EHM G.HE-O7 J.TE-0F 3.6E-OT A1.BE-OT 3.6E-07
=150 0.GEHM 0.0E+0D 1.7E07 1.VEOT T.AE-Q7 1.6E-4
TOTAL &.0E-Irh LAE-LS A AE-05 3 AELS LIE-OS 3 AE-05

Table 7 - Failure Frequencies for Flanged Joint for Full Releases from OGP

" DIA | 12° DIA | 18° DIA | 24" DIA | 38" DIA
HOLE DA 27 DA {150 (300 {450 la00 %4
RANGE fmm) | {50mm) (| mm} | mm) mm mm) Tml

ikl 2.8E-05 L. 7E-05 5.0E-05 B_3E-S 1.5E-4 1.TE-0d

3018 T GE-DE 1. 1E-05 1. TE-NS 1AE-S 3.2E-03 4 9505

10 b S50 40806 L.O0E-0b 4. TE-DG 6.EE-06 & BE-1H] 1.4E-05

50 te 150 b E+H Z.0B-8 SAE-7 A.FEAT 1. 4808 1.3E-08

>150 0, 0E+{D 0.OE-HM) 1.7EQE 1.8E-H 1.5E-08 2.2E-0E

TOTAL JBEDS = JB-05 8305 12E-4 1.3E-04 24804
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Table 8 - Failure Frequencies for Manual Valves for Full Releases from OGP

B"DIA | 12" DIA | 13" DJA | 24" D1A | 3¢" OIA |
HGLE DIA 2" DIA (154G k1] (450 (600 (s00
RANGE (mm) | (M mm) | mm) mm} min} mm) mm)
101 20ED5 | 34E-05 | 43BL5 | 53E-05 | G2EDE | F.AE-DS
1o 10 TIEDE | 12805 | 1.7EDS | 2AES | 2.4B05 | 3.0E-05
10 10 50 LEEDR | 47E06 | G.5ED6 | BOE<H | O4BE-08 | 12E-05
it g 150 FOE+00 | ZA4E-GF | 1.2E4B | 15E% | 18E-08 | Z2E-08
=150 C.0E+E0 | G.0E+00 | 1.7E-06 | 1.0E868 | 2AB06 | =.3B-06
TOTAL IIEAS | AOE.04 | S.OEAS | BAEAS | 1AE04 | 1IE-O4

Table 9 - Failure Frequencies for Actuated Valves for Full Releases from OGP

B DIk 12“Dik | 16" DIA | 24" DA | 36" DIA
HOLE DIA | 2°DWA | (150 {108 (440 {800 (908
! RANGE (mm) | (3 mm) | mm) mm] mm) mm} mm;
[ T 2 AEDE 2 E-0d 2 1E44 20E-Da8 = DE-Da 108014
T__3Inid TOEDS | 66505 | B3E0% | GOEAS | SOB0S | SBEDS
l 10 ta 34 i lr]_Li L 1905 1 8E035 1. 7TEDS 1. T -0 16805
Y R tiEioD | S8Ea8 | 24EQE | FAEUS | YoEDE | JEEOE |
| {50 0. AEHM 08 HN EOE-OB R.BE ANE-M L 0E-08
i TOTAL FaE S ZE-4 X HE-Dd 2.RE-]4 2304 2. TE0d

Table 10 - Failure Frequencies for Instrument Connections from OGP
(10 to 50mm Diameter)

Failure Frequencies
HOLE DIA RANGE (mm)
Full Releases Limited Releases

1t03 1.8E-04 1.6E-04
3t0 10 6.8E-05 7.4E-05
10 to 50 2.5E-05 3.6E-05
TOTAL 2.8E-04 2.7E-04

Table 11 - Failure Frequencies for Pressure Vessels from OGP

50 to 150 mm Diameter

Failure Frequencies

HOLE DIA RANGE (mm)

Full Releases Limited Releases
1t03 3.9E-04 3.5E-04
3to 10 2.0E-04 2.0E-04
10 to 50 1.0E-04 1.2E-04
>50 5.1E-05 7.9E-05
TOTAL 7.4E-04 7.4E-04

Table 12 - Failure Frequencies for Pressure Vessels from OGP

> 150 mm Diameter

Failure Frequencies

HOLE DIA RANGE (mm)

Full Releases Limited Releases

1to3 3.9E-04 3.5E-04
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Quantitative Risk Assessment ‘

Assumption No: 05 ‘

Subject: Parts Count and Failure Frequencies

3to 10 2.0E-04 2.0E-04
10 to 50 1.0E-04 1.2E-04
50 to 150 2.7E-05 3.7E-05
>150 2.4E-05 4.2E-05
TOTAL 7.4E-04 7.4E-04

Table 13 - Failure Frequencies for Centrifugal Pump Inlets

50 to 150 mm Diameter

Failure Frequencies

HOLE DIA RANGE (mm)

Full Releases Limited Releases
1t03 3.40E-03 1.30E-03
3t0 10 1.00E-03 5.60E-04
10 to 50 2.90E-04 2.40E-04
>50 5.40E-05 8.30E-05
TOTAL 4.80E-03 2.20E-03

Table 14 - Failure Frequencies for Centrifugal Pump Inlets

> 150 mm Diameter

Failure Frequencies

HOLE DIA RANGE (mm)

Full Releases Limited Releases
1t03 3.40E-03 1.30E-03
3to 10 1.00E-03 5.60E-04
10 to 50 2.90E-04 2.40E-04
50 to 150 3.90E-05 5.00E-05
>150 1.50E-05 3.30E-05
TOTAL 4.80E-03 2.20E-03

Table 15 - Failure Frequencies for Filters Inlets from OGP

50 to 150 mm Diameter

Failure Frequencies

HOLE DIA RANGE (mm)

Full Releases Limited Releases
1t03 1.30E-03 5.10E-04
3to 10 5.10E-04 3.30E-04
10 to 50 1.90E-04 2.30E-04
>50 5.50E-05 2.10E-04
TOTAL 2.10E-03 1.30E-03

Failure Frequency for Storage Tanks
Table 16 - Failure Frequencies for Storage Tanks

Leak Frequency
Per year

Fixed/Floating roof Leak 2.8E-03

Type of Tank Type of Release
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Quantitative Risk Assessment ‘

Assumption No: 05 ‘

Subject: Parts Count and Failure Frequencies

Catastrophic Rupture 3.0E-06

Tank on Fire 9.0E-05

Failure Frequency for Plate Heat Exchangers
Table 17 — Failure Frequencies for Plate Heat Exchangers (50 to 150 mm diameter)

Table 18 — Failure Frequencies for Plate Exchangers (>150 mm diameter)

Leak Software:

DNV’s leak frequency software model, LEAK v 3.3, is used to estimate the expected leak
frequencies.

OGP Leak Frequencies are based on HCRD Failure Data 2006.

Leak software version 3.3 is inbuilt with HCRD failure data 2006 and is a simplified tool used to
calculate failure frequencies for various isolatable segments.

The number and size of valves, flanges, instrument connections, and piping are input to the model,
together with dimensions. Each of the failure frequencies thus calculated from Leak will be for a
section, location/ area and release size.

Reference for Documentation:
m OGP, Risk Assessment Data Directory , Report No. 434-1, March -2010.
m OGP, Risk Assessment Data Directory, Report No. 434 -4, March -2010.
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Quantitative Risk Assessment

Assumption No: 06

Subject: Ignition Probability Data

OGP Data Base estimates the ignition probabilities based on 28 mathematical functions drawn
from the UKOOA look-up correlation which relates ignition probabilities in air to release rate for
typical scenarios both onshore and offshore.

The values presented in OGP relate to “total” ignition probability, which can be considered as the
sum of the probability of immediate ignition and delayed ignition.
Table 19 - Total Ignition Probability from OGP

The IP review of ignition and explosion probabilities concludes that, there are too little data to
draw any firm conclusions but that “risk assessment approaches based on 30:70 to 50:50
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Quantitative Risk Assessment

Assumption No: 06

Subject: Ignition Probability Data

split delayed ignition or jet / pool fire: flash fire / explosion are reasonable”. Furthermore, it also
identifies that, on average, approximately 20% of ignited gas releases result in explosions.

The proposed explosion probability rule set is therefore:

m  50% of all ignitions are immediate resulting in jet/pool fires (F);
m 20% of all ignitions result in explosion (PEX);
m  The remainder (30%) of ignitions result in flash fires (1-F-PEX).

Based on the above, the ratio between P (immediate ignition) and P(delayed ignition) is
estimated at 50:50. This estimate is supported by the joint industry Ignition Probability
Review, which shows that approximately 50% of ignitions occur within a minute or so of the
leak commencing.

The immediate ignition probability can be calculated as,

Pimmediate = Ptotal x 0.50, for plant areas where Ptotal is calculated from UKOOA look-up table

Reference for Documentation:
m  ERM General Practice

m OGP Risk assessment Data Directory — Ignition Probabilities, Report No. 434-6.1, March
2010.
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Quantitative Risk Assessment ‘

Assumption No: 07 ‘

Subject: Meteorological Data

Meteorology:

The consequences of releases of flammable materials into the atmosphere are strongly dependent
upon the rate at which the released material is diluted and dispersed to safe concentrations. The
local meteorology is therefore important in two respects. First, the wind direction determines
whether a release drifts towards or away from vulnerable locations. Second, the actual weather
conditions, in terms of wind speed and stability, determines how quickly the plume disperses.

Variation in wind direction defines the apparent orientation of consequences. SAFETI accounts for
the different wind directions from the wind distribution probability input and combine the values into
the risk calculation. Atmospheric conditions, which include temperature and humidity, are also
addressed. Stability classes were finalized as per Pasquill-Gifford Stability Classes as mentioned
in CPQRA.

Table 20 - Wind Speed and Pasquill Stability Class (as per CPQRA)

2Ey THE Night Time _
i Any Time
Surface Wind >4/8
Speed, m/s Strong Moderate Slight Low <4/8 Heavy
Cloudiness Overcast
[of [LYIT. |
<2 A AB B E F D
2-3 A-B B C E F D
3-4 B B-C C 5 = -
46 < b D D D D
>6 C D D D D D

Meteorological Data

Table 21 - Meteorological Data of site

Parameter Night conditions Day Conditions
[Temperature (°C) 19.6 34.3
Relative Humidity (%) 61 42
Solar Radiation (kW/m2) 0.5 0.5
Wind velocity (m/s) 1.5 3

Wind Rose Data — It is taken from the location Nanded, Maharashtra
Table 22 - Wind Rose Diagram

Direction percentage per Annum

Wind Distribution

E S w
Night 3.00 | 500 |3.00| 3.00 | 3.00 | 15.00 |20.00| 9.00 | 39.00
Day 6.00 | 11.00 | 4.00 | 5.00 | 2.00 | 12.00 | 12.00 | 11.00 | 37.00

For consequence analysis the lowest wind speed of 1.5 m/s with Pasquill Stability Factor of F shall
be considered to arrive conservative dispersion consequence results and average wind speed of 3
m/s with Pasquill Stability Factor of D shall also be considered for analysis.

Reference for Documentation:

Indian Meteorological Database (Year 1961 — 1990)
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Quantitative Risk Assessment ‘

Assumption No: 08 ‘

Subject: Manning/Population Data

Population exposure is very critical for the estimate of the risk resulting from an incident.

For individual risk calculation, people expected to be affected by the hazard are grouped based on
their work (e.g. operators, maintenance personnel etc.), which reflects a particular pattern of
exposure to major accident hazards. For societal risk calculation, specific population areas are
determined and the average number of inhabitants at each population area throughout the year is
set as below:

1. Inside Population

S.No Building Name Population details
Morning shift Night Shift
1 Reactor and Solution Vessel Area including Hot 3 3
water operation
2 Storage Tank Area including scrubber operation 2 2

and Ultility operation (Cooling tower and Chiller)

3 Blender area including Control Panel 7 7
4 Office 4 1
5 QA& Lab 5 2
6 Security Cabin 2 2

Total 23 17

Reference for Documentation:

Client Data
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Quantitative Risk Assessment

Assumption No: 09

Subject: Event Trees

An Event Tree is used to develop the consequences of an event. An event tree is constructed by
defining an initial event and the possible consequences that flow from this. The initial event is
usually placed on the left and the branches are drawn to the right, each branch representing a
different sequence of events and terminating in an outcome. Following Event Trees will be
considered for this QRA:

1. Continuous, No Rainout

g L

— T

LoD

I T i g BTl

2. Continuous, with Rainout

i d e I —

il e v 4

LT 5

TaCl] ] e Tl

Dl Agrdicen e Friswe

T, il kil

Trdea:
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Quantitative Risk Assessment

Assumption No: 09

Subject: Event Trees

3. Instantaneous, No Rainout
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Reference for Documentation:

Event trees
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Quantitative Risk Assessment

Assumption No: 10

Subject: Event Outcomes

This section details the possible consequences which may emanate upon loss of containment.
FLASH FIRE

A flash fire occurs when a cloud of vapours/gas burns without generating any significant
overpressure. The combustion zone moves through the cloud away from the ignition point. The
duration of flash fire is relatively short but it may stabilize as a continuous jet fire from the leak
source. An approximate estimate for the extent of the total effect zone is the area over which the
cloud is above the LFL.

POOL FIRE

Pool-fire calculations are then carried out as part of an accidental scenario, e.g. in case a
hydrocarbon liquid leak from a vessel leads to the formation of an ignitable liquid pool. First no
ignition is assumed, and pool evaporation and dispersion calculations are being carried out.
Subsequently late pool fires (ignition following spreading of liquid pool) are considered. If the
release is bunded, the diameter is given by the size of the bund. If there is no bund, then the
diameter is that which corresponds with a minimum pool thickness, set by the type of surface on
which the pool is spreading.

Vapour Cloud Explosion (VCE)

A VCE results from the delayed ignition of a flammable cloud formed due to the release of a large
quantity of flammable vaporising liquid or gas which burns sufficiently quickly to generate high
overpressures (i.e. pressures in excess of ambient). The flame accelerates to sufficiently high
velocities to produce significant overpressure. The overpressure resulting from an explosion of
hydrocarbon gases is estimated considering the explosive mass available to be the mass of
hydrocarbon vapour between its lower and upper explosive limits.

Reference for Documentation:

m  Guidelines for Developing Quantitative Safety Risk Criteria, CCPS, Second Edition, 2000.
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Quantitative Risk Assessment

Assumption No: 11

Subject: Impact Criteria - Human Vulnerability

The damage criteria give the relation between extent of the physical effects (exposure) and the
percentage of the people that will be killed or injured due to those effects. The knowledge about
these relations depends strongly on the nature of the exposure. Physiological/physical effects of
the thermal radiation for jet fire or pool fire scenarios and overpressure impact for vapour cloud
explosion is discussed below in order to appreciate the damage effect produced.

Table 23 - Thermal Radiation Level Impact Criteria

Heat Radiation Damage to Equipment Damage to People

KW/m2

4.0 -—-- Causes pain if duration is longer than 20
seconds. Blistering is unlikely.

12.5 Minimum energy to ignite wood First degree burns in ten seconds.1% Fatality
with a flame; in 20 sec, 30% Fatality in 30 seconds.
Melts plastic tubing.

37.5 Severe damage to plant 100 % Fatality

Table 24 - Overpressure Impact Criteria

Overpressure

Ranges (bar) Mechanical Damage

Timber framed buildings become uninhabitable, plant items
may be overturned, uplift of tanks (0.9 Tilted). There is a
0.35 50% chance of a fatality for a person in a building and 15%
chance of a fatality for a person in the open. Eardrum
damage.

Storage Tanks uplift (half tilted). Heavy machines (3000 Ib)
0.21 in industrial building suffered little damage; steel frame
building distorted and pulled away from foundations,

Lower limit of serious structural damage, Control House or
Substation concrete roof can collapse

Flash Fire:
LFL hazard distances will be reported. A fatality probability of 1 is considered within LFL .

Toxic Gas Release:

Emergency Response Planning Guidelines (ERPG) values shall be used for analysing the Toxic
gas dispersion for Acrylic acid.

* ERPG-3 is the maximum airborne concentration below which nearly all individuals could
be exposed for up to 1 hour without experiencing or developing life-threatening health
effects.

* ERPG-2 is the maximum airborne concentration below which nearly all individuals could
be exposed for up to 1 hour without experiencing or developing irreversible or other
serious health effects or symptoms which could impair an individual's ability to take
protective action.

* ERPG-1 is the maximum airborne concentration below which nearly all individuals could
be exposed for up to 1 hour without experiencing more than mild, transient adverse
health effects or without perceiving a clearly defined objectionable odour.
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Chemical (Cas No) ERPG-1 ERPG-2 ERPG-3

Acrylic Acid (79-10-7) 1 ppm 50 ppm 250 ppm

Reference for Documentation:
Guidelines for Chemical Process Quantitative Risk Analysis, CCPS, 1989
American Industrial Hygiene Association (AIHA) 2016.
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Quantitative Risk Assessment

Assumption No: 12

Subject: Individual Risk Criteria

The level of risk calculated for employees and the general public is studied in two principal areas.
Firstly, Individual Risk, which is the level of risk of fatality for specific people, usually defined as
individuals within specific groups. The groups are defined by their activities in or around the
facilities.

The second area is risk to society, which is a measure of the risk of fatality within the general
public.

The process for calculating the levels of risk associated with the facility is:
. Calculate the Location Specific Individual Risk (LSIR) from Major Accident Hazard events
using the QRA model
. Define the worker groups and groups of the general public (if any) by their location and
movements within the effects zone of the facility
. Calculate Individual Risk figures as LSIR data
. Use the QRA model to calculate societal risk, F-N curve

In order to determine acceptability, the risk results are assessed against a set of risk criteria. The
individual risk criteria adopted for this study is based on HSE UK Guideline and is presented
below.

Fatality Risk Criteria

Figure 2 - Individual Risk Criteria for Workers
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Quantitative Risk Assessment

Assumption No: 12

Subject: Individual Risk Criteria

Figure 3 - Individual Risk Criteria for Public

Reference for Documentation:

UK HSE Criteria

www.erm.com Version: 1.0 Proposal No.: 0507656 Client: CHRYSO 11 February 2021 Page 27



QRA STUDY ASSUMPTION REGISTER - ACRYLIC ACID STORAGE TANKS -
CHRYSO INDIA PVT. LTD
Assumption Register

Quantitative Risk Assessment

Assumption No: 13

Subject: Societal Risk Criteria

The acceptance criteria for F-N curve based on HSE UK Guideline are presented below:
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Figure 4 - FN Curve Acceptance Criteria for Workers

Table 25 - Societal Risk Criteria

Negligible XTI Negligible
Maximum Tolerable Intergegt With Tolerable Intergegt With
Intercept With N=1 _p Intercept With _ p
N=1 N=100
N=100
Workers 102 104 104 106
Public 103 10° 10 107

Reference for Documentation:

m UK HSE Criteria
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QRA STUDY ASSUMPTION REGISTER - ACRYLIC ACID STORAGE TANKS -
CHRYSO INDIA PVT. LTD
Assumption Register

Quantitative Risk Assessment ‘

Assumption No: 14 ‘

Subject: Software & Database

DNVGL PHAST 8.22 will be used for the Consequence Modelling
DNVGL SAFETI 8.22 will be used for Risk Modelling
Leak v3.3 will be used to estimate Failure Frequency

Explosion Modelling:

In this QRA Study Multi-Energy Model will be used for explosion modelling.

Potential congestion areas will be defined at the plot plan based on the levels of congestion and
confinement due to process and non-process units.

Reference for Documentation:

m  ERM General Practice.
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QRA STUDY ASSUMPTION REGISTER - ACRYLIC ACID STORAGE TANKS -
CHRYSO INDIA PVT. LTD
Assumption Register

Quantitative Risk Assessment ‘

Assumption No: 15 ‘

Subject: Report Structure

The Structure of Main Report and Appendices is as below:

Main Report: Main report will contain following information as a minimum:
1. QRA Executive Summary

. Brief Facility Description

. QRA Methodology

. Inputs for QRA

. Consequence Assessment

. Risk Acceptance Criteria

. Risk Assessment

. Conclusion, Summary and Recommendations

© 00 N OO o~ W N

. References

Following Appendices will be provided as a part of QRA Study Report as a minimum:
1. QRA Assumption Register

2. Detailed Consequence Results

3. Overall Plot Plan

Reference for Documentation:

m  ERM General Practice.
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PVT.LTD
QRA Study Report

ANNEXURE B - ISOLATABLE SECTION MARKUP
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Greenbelt Development:

A Green belt of approx. more than 3000 m? is being developed in a plot 0S-09 adjacent to west side
of existing Plot E-72 of Chrsyo India Private Limited. Total area of plot-09 is 6925 m2 area. Total 355
trees were planted in the spring of 2021. Approx. 12 m width was developed at the periphery of plot
0S-09 for green belt plantation. Before starting the construction work, Chryso India Private Limited
started plantation work for green belt all along the boundary of plot 0S-09. The developed green belt
acts as a buffer zone in plot 0S-09.

The plants add beauty and act as sink for carbon dioxide and will reduce the physical impact outside
the premises, in case of any on-site emergency.

A list of all the surviving plants in the green belt plantation around the Chryso India Private Limited site is
appended below:

PLANTATION STATUS AS ON 5th JUNE 2021

o B B = S B el
Side) Side) Side)

1 Areca Palm 35 10 35 20 100
2 Ashoka 35 10 35 20 100
3 Kadu Neem 6 4 6 4 20
4 Spathodia 3 1 4 2 10
5 Karanj 15 5 15 5 40
6 Peltoforam 6 4 6 4 20
7 Gulmohar 3 2 3 2 10
8 Raintree 3 2 3 2 10
9 Taman 3 2 3 2 10
10 Kanchan 6 4 6 4 20
11 Vad 3 2 3 2 10
12 Peepal 1 1 2 1 05
Total 119 47 121 68 355

Naturally growth of Trees (not planted by Chryso) - Jambool & Mango each 01.
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ANNEXURE VIII B — Photographs of Greenbelt

MIDC Plot No OS- 9 leased for green belt plantation

Plantation under progress in MIDDC Plot No. 0S-9
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CER REPORT FOR CHRYSO INDIAPRIVATE LIMITED CORPORATE ENVIRONMENTAL RESPONSIBILITY
Draft Report

1. CORPORATE ENVIRONMENTAL RESPONSIBILITY

1.1 Project Context

Chryso India Pwt. Ltd. is located at Plot No, E-72, Maharashtra Industrial Development
Corporation (MIDC) Additional Patalganga village Karade (Budruk), Taluka Panwel of District Raigad
in the state of Maharashtra. Company has an operational unit having capacity of 60,000 metric tons
per month (MT/M) of Cement Admix and Cement Grinding Aid (through blending and mixing activity
only) which falls under Micro, Small & Medium Enterprises (MSME) category. The current
operations does not fall under EIA Notification, 2006 and Environment Clearance (EC) was not
required.

Now the company proposes for expansion of manufacturing facility in the same premises within the
existing shed to manufacture one of its current key raw material namely acrylic co-polymer. The
proposed activity falls under item no. 5f (B category) of schedule of EIA Noatification, 2006, as
amended and required Environmental Clearance (EC) from Ministry of Environment, Forest and
Climate Change (MoEF&CC). Accordingly, Chryso has received EC from MoEF&CC via F.No. IA-J
11011/253/2019-IA(Il)l dated 14" July 2020.

As per compliance condition (X) of the EC letter, at least 2.5% of the Project Cost shall be allocated
towards Corporate Environment Responsibility (CER) and the CER amount shall be spent within a
period of three (03) years in the nearby \illages as per the socio economic study.

In order to comply with the EC condition, Chryso had carried out a need based assessment study in
the nearby villages and prepared a draft CER plan (this report).

1.2 stakeholder interaction

The key stakeholders identified for the decision making of the CER activities includes

District Collector (DC), Raigad;
Maharashtra Industrial Development Corporation (MIDC), Patalganga;
Gram Panchayat of nearby villages- Karade Khurd and Karade Budruk; and

Local community.

A meeting with District Collector, Raigad and MIDC, Patalganga division was undertaken on 1%
December 2020. The purpose of these meetings were two folds - to discuss the present
socioeconomic status in the nearby \illages and seeking suggestion on the activities that can be
included in CER plan. Following focus areas were suggested for CER activities:

Government primary schools; and

Education and health & sanitization.
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CER REPORT FOR CHRYSO INDIAPRIVATE LIMITED NEED ASSESSMENT STUDY
Draft Report

2. NEED ASSESSMENT STUDY

This section outlines the details of need assessment study conducted in the nearby \villages with focus
on government primary schools.

2.1 Selection of Villages

The Project land primarily belongs to village Karade (Budruk) located at ~750 m aerial distance in
east direction of Project site. Another village present in the vicinity of Project site is Karade Khurd,
located at ~400 m aerial distance in west direction of Project site. Hence, these two \illage were
selected for carrying out the need assessment study.

Figure 21 Map showing locations of Villages selected for Need Assessment
Study

2.2 Site Visit
A site visit was undertaken to the government primary schools in Karade Khurd and Karade Budruk

villages on 11" December 2020. Consultations were held with available school staff — principal and
teachers. Concerns/issues raised by school staff during interaction are listed in table below.

Table 2.1 Summary of Consultations during Need Assessment Study

S. No. Karade Khurd Karade Budruk

A. School Features

1. Name of School- Government Zila Name of School- Ananddai Government Zila Parishad
Parishad School, Karade Khurd, Tal. School, Karade Budruk, Tal. Panvel, District Raigad.
Panvel, District Raigad.

2. The school is up to 4th standard. The school is up to 7t standard.

3. The school has three ground level small The school has tw o buildings- one double storey building
buildings. and one ground level building.

4. The school has a village temple and a The school has a village temple present betw eenthe two
village pond adjacent to it. buildings of the school.

5. One building of school w as new ly Tw o Companies, viz. Cipla Limited and Balaji Formalin
constructed by Gram Panchayat under 14" |Pvt. Ltd. had provided grant to the double storey school
Finance Commission Grant during FY 2019- | building in year 2009 and 2017 respectively and this
2020. building w as in good shape.

B. Key Observations
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S. No. Karade Khurd Karade Budruk
1. The fencing of the school is damaged. The |Damaged and dirty toilets- as reported by female
school has a village pond adjacent to the teacher, condition of toilets w as that bad that girls don’t

school and broken fencing impose safety use the toilets and in case of need go back home.
risks to the students.

2. The toilet doorswere damaged and toilets | Kutcha classrooms and broken roofs — as reported by
w ere dirty. teachers that during monsoon, it becomes difficult to take
class in the classrooms.
3. The ground surface of the school w as It was also reported that students are leaving school
kutcha with uneven levels. because of lack of required infrastructure.
4. There w ere no sport infrastructure in the The sport infrastructure in the ground w as in bad shape.

school ground.

Source: Observations during site visit

Figure 2.2 Photographs of Primary Schools visited during Need Assessment

Study
Karade Khurd
View of toilets View of damaged fencing
View of the pond adjacent to the school View of the uneven ground surface with
broken tiles
Karade Budruk
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View of the broken roof of classrooms Kutcha walls of classroom

kutcha floor which as reported becomes wet | View of the toilet facility
during monsoon season

2.3 Identified Areas of Improvement

Based on the initial need assessment (site visit and discussion with school staff), following areas were
identified for improvement in the two government schools in the villages visited during need
assessment study.

Table 2.2 1 dentified Areas for Improvement

S. No Name of School Village Identified Areas for Improvement

1 Karade Khurd 1 Renovation of toilets
1 Sanitization material
1 Fencing of school

1 Beautification of pond
1 Sport infrastructure

2 Karade Budruk 1 Renovation of toilets w ith w ater facility
1 Renovation of classrooms

1 Sanitization material

1 Sport infrastructure

2.4 Proposed CER Activities

For better utilization of the CER fund, and to serve better, it has been proposed that CER budget
would be utilized for improving the infrastructure of the school building in village Karade Budruk. It is
also to be noted, that the industry/ Project lies in the ambit of administrative boundary of Kharade
Budruk. Proposed CER activities are presented in Table below.
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Table 2.3 Proposed CER Activities

S. No Name of School Proposed CER Activities

1 Ananddai Government Zila 1 Renovation of toilets with provision w ater facility
Parishad School,, Karade 1 Renovation of classrooms
Budruk 1 Sanitization material

2.5 Budget Allocation and Timeline

As mentioned in Section 1.1, mandatory budget allocation for CER is 2.5% of the Project Cost (7.8
Crores) which comes out to be 19.5 Lakhs.

2.5.1 Timelines and Budget

As per EC compliance condition, CER budget is to be spend in a period of 3 years. Proposed timeline
is as presented below.

Table 24  Financial year wise CER fund allocation

S. No Financial Year Proposed CER budget (Lakh)
1. FY 2021-2022 --*

2. FY 2022-2023 11

3. FY 2023- 2024 8.5

Total Amount 19.5

* Fund allocated for year 2021-2022 w as not utilized because of COVID pandemic.
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3. CER IMPLEMENTATION

3.1 Selection of Implementation Agencies

Contractor for undertaking work proposed under CER will be engaged by the Project Proponent
directly. CER implementation work will be undertaken in coordination with school management,
MIDC Patalganga and Gram Panchayat, as required.

3.2 Monitoring

Chryso, Head Office and Patalganga site management will monitor progress of CER activity,
annually.

3.3 Reporting

Report on progress of CER activities will be submitted to following government agencies:

Ministry of Environment & Forest and Climate Change (MOEF&CC), Maharashtra Pollution
Control Board (MPCB) and Environment Department of Maharashtra as a part six monthly EC
compliance report; and

District Collector, Raigad on annual basis.
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ANNEXURE X FIRE FIGHTING PROVISION IN CHRYSO, PATALGANGA
UNIT
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ANNEXURE X
Fire Fighting System Details

We, Chryso India Private Limited, Plot No. E-72, Additional Patalganga Industrial Area,
Karade Budruk, Taluka Panvel, District Raigad-410220. have well maintained firefighting
system as per TAC, IS 13039 and as required under the provision of the Maharashtra Fire
Prevention and Life Measures Act, 2006 ( Mah. Sub-rule (3) of rule 4 — 2009). Maintenance
is carried out an approved agency M/s Sai Industries, Mumbai.

The details of firefighting system are as follows:

1. Three nos. of firefighting pumps which include Jockey pump, Main Electrical Pump &
Diesel Pump which is in Auto-mode.

2. Fire hydrant points, hydrant hose reel, fire alarm system with manual call point,
smoke detectors, heat detectors, beam detectors, different types of fire extinguishers,
etc. are in good & operational conditions.

Sr. No. | Item Description Quantity
1 Main Hydrant Pump, 50 HP, Make : Kirloskar (1800 LPM & 70 m Head) 01 No.
2 Diesel Engine Pump, 50 HP, Make : Kirloskar (1800 LPM & 70 m Head) 01 No.
3 Hydrant Jockey Pump, 10 HP, Make : Kirloskar (180 LPM & 70 m Head) 01 No.
4 Fire Hydrant Panel 01 No.
5 Fire hydrant Points 10 Nos.
6 Hydrant Hose Reel (Plant and office) 11 Nos.
7 Single Door Hose Box 10 Nos.
8 RRL Canvas Hose Pipe 10 Nos.
9 01 Loop Addressable Fire Alarm Panel 01 No.
10 Addressable Heat Detector (Office) 01 No.
11 Addressable Smoke Detector (Office, Lab, transformer room, Control 15 Nos.

room and MCC & PCC room)
12 Addressable Multi Detector 06 Nos.
13 Addressable Manual Call Point (Inside plant) 06 Nos.
14 Convectional Flasher Hooter (Inside plant) 06 Nos.
15 ABC Type Fire Extinguisher 04 kgs capacity (Inside plant) 02 Nos.
16 ABC Type Fire Extinguisher 06 kgs capacity (Inside plant) 13 Nos.
17 CO2 Type Fire Extinguisher 4.5 kgs capacity (Inside plant near to electric | 09 Nos.
equipment)
18 Mechanical Foam Type Fire Extinguisher 50 ltrs capacity (Storage tank 02 Nos.
area)
19 Mechanical Foam Type Fire Extinguisher 9 Itrs capacity (Storage tank 02 Nos
area)
20 Clean Agent Type Fire Extinguisher 06 kgs capacity 01 No.
21 Four Way Fire Brigade Inlet (At main entrance and exit gate) 02 Nos.
22 Foam Sprinkler system for Thomas storage Tank area (Automatic with 01 No.
Deluge Valve with foam tank capacity of 300 Itr)
23 Automatic Water Sprinkler system For Hot Water Room 01 No
24 Beam Detector (Inside plant at storage rack and storage tank area) 04 Nos.
25 Foam Trolley — 120 Itrs capacity (Hot water room) 01 No.
26 Sand Bucket (Outside plant) 12 No




Environmental Monitoring Report



Environmental monitoring was carried out in and around Chryso facility to understand the
environmental performance of the facility and quality of the ambient environment. The scope
of the environmental monitoring is provided in Table 1.1.

Table 1.1 Environmental Monitoring Plan

Sr.No. | Environmental Attribute | No. of Frequency Limits/standards | Remarks
Locations
1 Ambient Air Quality
PM10 3 24 hourly, twice a 100 ug/m3 Ambient Air
PM2.5 week for one 60 pg/m3 Quality (AAQ)
Oxides of Nitrogen (NOXx) week on quarterly 80 ug/m3 monitoring will
Sulphur dioxide (S02) basis 80 pg/m3 be conducted in
and around the
project site.
Carbon monoxide (CO) 3 8 hourly, twice a 02 mg/m3
week for one
week on quarterly
basis
Ozone 100 pg/m3
Lead 1 24 hourly, twice a 1 ug/m3
Ammonia 1 week for one 400 ug/m3
Benzene 1 week once a year 5 ug/m3
Benzo-a-Pyrene 1 1 ug/m3
Arsenic 1 6 ng/m3
Nickel 1 20 ng/m3
2 Soil Quality
Particle size distribution, 2 On six monthly No Indian Soil samples
texture, pH, electrical basis standards will be collected
conductivity, cation available. from in and
exchange capacity, around the
Sodium Absorption Ratio project site.
(SAR), permeability, water
holding capacity, porosity,
bulk density, nitrite, nitrate,
phosphates, alkali metals,
heavy metals.
3 Noise Levels 3 On six monthly Industrial area - Noise levels will
basis 75 dB(A) be monitored on
Commercial Area | hourly basis for
- 65 dB(A) 24 hours using
Residential Area - | continuous
55 dB(A) noise
Silence Zone 50 monitoring
dB(A) equipment in
and around the
project site.
4 DG set monitoring




Sr.No. | Environmental Attribute | No. of Frequency Limits/standards | Remarks
Locations
SOz Stack of 1 X | Once on a 30.13 kg/day Stack of DG set
250 kVADG | quarterly basis should be
sets properly
secured,
access to the
stacks must be
present,
monitoring port
should be
present
Noise level with and Onceona Insertion loss of Spot noise
without acoustic enclosure quarterly basis 25 dB(A) and monitoring.
more Once in every
quarter.
5 STP Outlet point | On six monthly >100 mg/|
Suspended Solids basis >100 mg/l
BOD (3 days at 27°C)
6 ETP
pH Inlet and Before >55 At the inlet and
Suspended Solids Outlet point | discharging >100 mg/| outlet/discharge
BOD (3 days at 27°C) >100 mgl/l point after
COD >250 mg/| treatment
Oil and grease >10 mg/l
TDS >2100 mg/I
Sulphates >1000 mg/I
Chlorides >600 mg/|
7 Surface water bodies
pH, DO, BOD, Free 2 On six monthly CPCB Guideline Surface water
Ammonia, Electrical basis for Designated samples will be
Conductivity, Sodium best use of collected from in
absorption ratio, Boron, surface water and around the
Faecal coliform, Total attached herewith | project site.
faecal coliforms

The environmental monitoring was carried out in 15t week of October 2023 by a MoEFCC
recognized laboratory. The environmental monitoring location map is provided in Figure 1.



Figure 1. Environmental Monitoring Location Map



Results of Environmental Monitoring

A summary of the results of the environmental monitoring is summarized below and the results in
details are provided in the subsequent sections.

Ambient Air

All the 12 parameters monitored in the ambient air for two consecutive days (04/10/2023 and 05/10/2023)
at 3 locations (near tanker loading area, near main gate and near ETP) were analysed. The result of the
parameters monitored has been discussed in context of compliance to National Ambient Air Quality
Standards (NAAQS)' and the results were discussed below:

PM1o: The average concentration of PM+o in the monitoring stations ranged between 56.59 and
61.24 pug/m3. The average concentration of PM1o values at all stations were found to be in
compliance to the NAAQS value of 100 pg/ms3.

PM2s: The average concentration of PM2s in the monitoring stations ranged between 24.89 and
28.47 pg/m3. The average concentration of PM2s values at all stations were found to be in
compliance to the NAAQS value of 60 ug/m3.

SOz2: The average concentration of SO2in the monitoring stations ranged between 21.92 and 26.88
Mg/m3. The average concentration of SO2 values at all stations were found to be in compliance to
the NAAQS value of 80 pg/ms.

NO2: The average concentration of NO2in the monitoring stations ranged between 29.51 and 35.14
pg/m3. The average concentration of NO:2 values at all stations were found to be in compliance to
the NAAQS value of 80 pg/ms.

CO: The 8-hour average concentration of CO in the monitoring stations ranged between 0.9 and
1.05 mg/m3. The average concentration of CO values at all stations were found to be in compliance
to the NAAQS value of 2 mg/m3.

Lead: The average concentration of lead in the monitoring stations ranged between 0.08 and 0.1
Mg/m3. The average concentration of lead values at all stations were found to be in compliance to
the NAAQS value of 1 ug/ms.

Ozone: The 8-hour average concentration of ozone in the monitoring stations ranged between
11.02 and 11.8 pyg/m3. The average concentration of ozone values at all stations were found to be
in compliance to the NAAQS value of 100 pg/m8.

Ammonia: The average concentration of ammonia in the monitoring stations ranged between
13.08 and 16.19 pug/m3. The average concentration of ammonia values at all stations were found
to be in compliance to the NAAQS value of 400 ug/ms.

Benzene: The average concentration of benzene in all the monitoring stations were found to be
below the limit of detection.

Benzo Pyrene: The average concentration of Benzo Pyrene in all the monitoring stations were
found to be below the limit of detection.

Arsenic: The average concentration of arsenicin all the monitoring stations were found to be below
the limit of detection.

Nickel: The average concentration of nickel in the monitoring stations ranged between 7.13 and
9.16 pyg/m3. The average concentration of nickel values at all stations were found to be in
compliance to the NAAQS value of 20 ug/m3.

Average values of all the air parameters in all the monitoring stations were found to be within the limits of

NAAQS.

" http://www.moef.nic.in/sites/default/files/notification/Recved%20national.pdf



Stack Emissions from DG sets

Suspended Particulate Matter, Sulfur Dioxide and Oxides of Nitrogen was measured from stack emissions
from two Diesel Generator sets of 250 KVA each. The results of the stack emissions are given below:

m  Suspended Particulate Matter (SPM): The SPM concentration from stack emission were 28.3 and
33.7 mg/Nm? which were found to be in compliance to the MPCB and CTO value of 150 mg/Nm?.

m  Sulphur Dioxide (SO2): The SOz concentration from stack emission were 0.46 kg/day or 114.8 and
0.48 kg/day or 122.3 mg/Nm3 which were found to be in compliance to the MPCB value of 2.40
kg/day.

m  NOx: The NOx concentration from stack emission were 32.5 and 33.6 mg/Nm3,

Stack Emissions from Hot Water Stack

Suspended Particulate Matter, Sulfur Dioxide and Oxides of Nitrogen was measured from Hot Water Stack.
The result of the emission from Hot Water Stack is given below:

m  Suspended Particulate Matter (SPM): The SPM concentration from Hot Water Stack emission was
24.8 mg/Nm?3 which was found to be in compliance to the MPCB and CTO value of 150 mg/Nm3.

m  Sulphur Dioxide (SOz): The SOz concentration from Hot Water Stack was 1.58 kg/day or 69.7
mg/Nm? which was found to be in compliance to the MPCB value of 30.13 kg/day.

m  NOx: The NOx concentration from stack emission was 31.4 mg/Nms.

Scrubber Emissions
The result of the acid mist from scrubber emission is given below:

m  Acid Mist: The acid mist from scrubber emission was 3.9 mg/Nm?3 which was found to be in
compliance to the MPCB of 35 mg/Nm3.

Ambient and Work Place Noise levels

Ambient and work place noise level was measured during day time and night time on 04/10/2023. The
ambient noise level was monitored at four cardinal directions at the periphery of the facility. It was
observed that the ambient noise levels ranged between 59.6 dB(A) and 62.3 dB(A) during daytime and
between 52.5 dB(A) and 55.2 dB(A) at night time.

Work place noise was measured at shop floor area and near Effluent Treatment Plant (ETP). The noise
level at the work place ranged between 65 and 66.4 at daytime and 56.9 dB(A) and 59.2 dB(A) at night
time. The work place noise were found to be complying with the daytime and nighttime noise limit of
MPCB.

Insertion loss due to acoustic enclosure on DG set

The insertion loss due to acoustic enclosure on 2 X 250 KVA DG sets ranged between 25.5 dB(A) to 26.1
dB(A).

Soil Quality

Physical and few chemical parameters of the soil sampled from two locations within the facility was
sampled and analysed. Since the soil quality is not used for agricultural activities the soil quality was not
inferred with respect to soil fertility. The results of the primary soil monitoring are discussed below:

m pH : Soil acidity has a correlation with the availability of nutrients in terms of their deficiency and
toxicity. A soil having pH less than 6.5 is considered as acidic. The pH of the soil samples was
found to be varying from slightly alkaline to neutral as the pH values were 7.28 and 7.34.



m Texture and Electrical Conductivity: Texture is an expression to indicate the coarseness or
fineness of the soil as determined by the relative proportion of the various sized primary particles
in the soil mass. The textures of the collected soil samples were found to be silt clay.

The EC values of the soil samples were 121.6 and 123.5 ys/cm. For a productive soil, the
electrical conductance (EC) should be < 1000us/cm.

m  Bulk Density: The bulk density of the soil samples were 0.969 and 0.974 gm/ml. Bulk density
must be less than 1.5 gm/cc for optimal movement of air and water?.

m  Water holding capacity and CEC: Water holding capacity of the soil samples are 52.6% and
55.4% respectively and CEC values of the soil samples are 8.4% and 8.8% respectively.

m Nitrate and Phosphate: Nitrate values of the soil samples are 2.4 and 2.7 mg/kg and Phosphate
values of the soil samples are 0.00060% and 0.00063%.

m  Sodium Adsorption Ration (as SAR): Sodium Adsorption Ratio (SAR) values of the soil indicate
the sodicity hazard of soil. The presence of high levels of exchangeable sodium in the soil may
possibly cause dispersion of soil particles which lead to the replacement of calcium and
magnesium (major cations) adsorbed in the soil. It affects the soil through deterioration of soil
structures and water infiltration properties.

SAR of the soil samples are 0.59 to 0.63 i.e. below 6, which is considered to be suitable for
irrigation?.

m  Metals: Heavy metals such as Copper (2.123 and 2.336 mg/kg), Lead (0.317 and 0.321 mg/kg),
Zinc (7.4 and 7.7 mg/kg) and Total Chromium (1.264 and 1.321 mg/kg) were detectable in the
soil of the study area. Cadmium (<0.001 mg/kg) and Mercury (<0.001mg/kg) concentrations
were found to be below detectable limit. The concentration of all the heavy metals in the sail
samples were much below the soil remediation intervention values specified in Dutch Soil
Remediation Circular.

Surface water

Grab samples were collected from Shree Garmata Aai Mandir Lake Karade Khurd and from Patalganga
River. The results of the primary surface water monitoring are discussed below:

m  pH - The pH value of the water samples collected from Shree Garmata Aai Mandir Lake Karade
Khurd and Patalganga River were 7.80 and 7.43 respectively.

m Dissolved Oxygen (DO)-DO concentrations of the water samples collected from Shree Garmata
Aai Mandir Lake Karade Khurd and Patalganga River were 1.9 and <1 mg/l respectively.

m Biochemical Oxygen Demand (BOD) — The concentration of BOD of the water samples collected
from Shree Garmata Aai Mandir Lake Karade Khurd and Patalganga River were 15 and 24 mg/I
respectively.

m Electrical Conductivity - Electrical Conductivity values of the water samples collected from Shree
Garmata Aai Mandir Lake Karade Khurd and Patalganga River were 453 and 318 ps/cm
respectively.

m  Ammonia - The concentration of Ammonia of the water samples collected from Shree Garmata
Aai Mandir Lake Karade Khurd and Patalganga River were 0.9 and 6.86 mg/I respectively.

2 Hunt, N. and Gilkes, B. (1992) Farm Monitoring Handbook.
3 http://iv.ucdavis.edu/files/24409.pdf



m  Sodium Absorption Ratio (SAR) - Sodium absorption ratio for the water samples collected from
Shree Garmata Aai Mandir Lake Karade Khurd and Patalganga River were 1.94 and 1.82.

m Boron- Boron concentrations of the water samples collected from Shree Garmata Aai Mandir
Lake Karade Khurd and Patalganga River were 0.35 and 0.17 mg/l respectively.

m Coliform bacteria—the load of Fecal coliform was lowest in Shree Garmata Aai Mandir Lake
Karade Khurd i.e. 7.8 MPN/100 ml and highest in the Patalganga River i.e. 13 MPN/100 ml.

A comparison with the limits specified in the designated best use water quality criteria by CPCB suggests
that the surface water sample collected from Gavdevi Lake can be classified as Class D i.e. propagation
of Wild life and Fisheries. water can be used for Irrigation, Industrial Cooling, Controlled Waste disposal
(Class E of Designated Best Use Category of CPCB).

Wastewater Discharges
STP
The result of the sewage water monitoring is discussed below:

m pH - The pH value of the sewage water sample was 7.12.

m  Biochemical Oxygen Demand (BOD) — The concentration of BOD (3 day) in the sewage water
sample was 24 mg/l which is lower than the MPCB limit of 100 mg/l and also within the CTO limit
of 30 mg/l.

m  Suspended Solids at 105 °C (SS) — suspended solids in the sewage water sample was 15 mg/l
which is lower than the MPCB limit of 100 mg/I.

ETP

Raw water sample in the ETP was collected for analysis. The result of the raw water sample is discussed
below:

m pH - The pH value of the raw water sample was 6.59

m Biochemical Oxygen Demand (BOD) — The concentration of BOD (3 day) in the raw water sample
was 39000 mg/I.

m  Chemical Oxygen Demand (COD) — The concentration of COD in the raw water sample was

116368 mg/I.

Total Suspended Solids at 105 °C (TSS) — TSS in the raw water sample was 98 mg/I.

Total Dissolved Solids at 180 °C (TDS) — TDS in the raw water sample was 8411 mg/l.

Oil & Grease — oil & grease in the raw water sample was 7 mgl/I.

Chloride — Chloride concentration in the raw water sample was 849.87 mg/I.

Sulphates - Sulphates concentration in the raw water sample was 3150 mg/I.

Water sample after treatment in the ETP was collected for analysis. The result of the treated water
monitoring is discussed below:

m pH - The pH value of the treated ETP sample was 3.80 which is complying with the MPCB pH.

m Biochemical Oxygen Demand (BOD) — The concentration of BOD (3 day) in the treated ETP
sample were 11400 mg/l which is higher than the MPCB limit of 100 mg/I.

m  Chemical Oxygen Demand (BOD) — The concentration of COD in the treated ETP sample were
34079 mg/l which is higher than the MPCB limit of 250 mg/I.

m Total Suspended Solids at 105 °C (TSS) — TSS in the treated ETP sample was 26 mg/l which is
lower than the MPCB limit of 100 mg/I.

m Total Dissolved Solids at 180 °C (TDS) — TDS in the treated ETP sample was 7819 mg/l which is
higher than the MPCB limit of 2100 mg/I.

m  Oil & Grease — oil & grease in the treated ETP sample was <0.1 mg/l which is lower than the
MPCB limit of 10 mg/l.



Chloride — Chloride concentration in the treated ETP sample was 3834.53 mg/I which is higher

than the MPCB limit of 600 mg/I.
Sulphates - Sulphates concentration in the treated ETP sample was 38 mg/l which is lower than
the MPCB limit of 1000 mg/I.


































































ANNEXURE XIlI TRAINING RECORD ON HEALTH AND SAFETY













































ANNEXURE Xl RECEIPT OF LETTER TO MIDC STATING ACCORDANCE
OF EC TO EXPANSION PROJECT, CHRYSO PATALGANGA
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ANNEXURE XIV A COPY OF THE ADVERTISEMENT OF THE STATING
ACCORDANCE OF EC TO CHRYSO IN NATIONAL DAILIES
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Advertisement of Environmental Clearance in “The Times of India” (Mumbai/Navi Mumbai
Edition) on) October 9, 2020



Advertisement of Environmental Clearance in “Mumbai Times” (Mumbai/Navi Mumbai
Edition) on October 9, 2020
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