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BUiURL'I'HE HON'BLE NA'i'IONAL GREEN'I'RIBUI{AL
SOUTHERN ZONE, CHENNAI

APPEAL N0.lt8 of 2017 {SZ)

( r(( r gr i:sirL

Yersus

Ministry of Environment, Forests &

rippcllarrl

R}IPORT FILED BY TIIE EIiNIRONI}IENII'AI, ENGIIif,ER,
KEP.{I T ST,ITT' POI !,!:TIf!N 

'ONTRQI 
Rr}ARN.

rlts I Rl("t Ot'FluE il- I,RNAKULAilt, PURti$lBar'(}t)I.
(S"RESPONDENT)

I \:rrtt'sh lov Aced 4rl yearc Slo V A .lov. notv rvorking a.s l:]nvironmcntal

}Jngrrrcrr. i..rralu Siatc l'ollutrorr UutrLtul Boru'd, Drsir ret Olli* Il- Errtrl.ulun,

Perurrlravoor. rlo hercby sutrrnit the report in Appeal No.88 ol 2017.

Irr uurrrplrirrue vvr t llrc Or rlcr uf th* Hun'ble NU'I'tlated iJ4-11-2024, a pnur

notice lras rssued to the appellant Sri. Ceorge Issac on 15-ll-2024 rvhich is

srlbrnittcd hqreu'ith and marked as Exhibit RS{a}. The Committce had revisited the

silc rir lire j-ic:rr-r'ltr ol ihc rcprcscni?tllc ,)i ulc appcliani. \fi sha-lt A i\ anu thc

Pro]cet I'rrprrrrcrrt on 2l-l l-2024 Committee heard the appellant and examined the

objectrrrrrs rrrsetl try him. Also he had lirnished a qyitten submission on 02-12-2024

cN
Environmental Englneer
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'lirc prellttrlttat] ob3euitotl ol' thc appcllant ts tlrdi lhc Col ultttc sllttulil

conducr prr)p.r a-qsassrnena of violation done and then on.ly the actual asseasmcnt of

h.nvrronrnr'rrtal (.iompensation can be canted out . It is also stated that, the question

ol rclncdiatron cost artd rcstoratton o, tlte sttc arlse, only thcn-

It is humbly suhnitted that the Central Pollution Conlrol Board issuEd a

Gencral lrrarncwork For Imposing Environntental Damagc Corupcnsation published

otr i)clclrix.:t 2$2'2. A uopy ol tltc Sante rs Subtrittcd hctcwrth arrd rtarkcd aS

Erhibil RStb). Relevant portion rhe abovc exhibit is reproduced bclow

" Environnrt'ntal amage (.lompensalion (EDC) is defined as qu{tnlifahle and

tta.\,iii<ihi'r ; slMltrlb!( .laatltf e expetlrlltrtr€ i$ on.lats ior trstarltrot, al €rwrofi,,teillal

clan.ty':., ,. ttusLtd due ro dnlhropogentc releuse ol pollulant$ in excess o! permtssible

It tr\ tJt ttttiuthons(d aclr'it-v. Ln,*ironnental damage eomp€nsaliorl is ttpporttttned

to oirL' ,t' ,r;itff Jacttlfs retoung rc uegraaalan rrJ ar qu ;l)"'tt'uter rts$urcc!\ sotl,

gounthtater, aiverse eJfecr on hwnan health loss of eco-syslen services, including

damages ccat-seri to proper\t. natwal assels and praductite assels' Thw' EDC

!ft{: t ttt il.: .s;l ort 4J}ljssr irr-rrr$, u)sr r.ti resoraton uui ctt*tpetuutun ibr drect uwi

indirecl dumages caused lo human, property' flora. fauru including ecosy:item

fzuctt<tns.

i .ritt*htrtl procetlnrc slall ba Jo!luv'eel,iur csl*truliort uJ lattruges tlue lu

cnrlrolxtgenr polluting activilies. lt ncludes follo*'ing $teBS,

t !'rt:luwrnru- investigattut

.i ;,,1 jil.sl.1 oj PrAt\nmdry AU|A

iii ldtntiJlcation of EDC liabilities

,r', .4ssessmenl of direcl, indirect ltabilities

r.. 1.r;rg)Jf/tc r uJ e.o's)'tlctrt ti*t',yes

vt Detailsd irvestigalion of danrcged site. if requtred

7\r
)Jo

,{

UT/

Do EKt,t z
Perlr.b;,,: a'

oor:.12 Environmental Englneer
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vrt

v|u.

tr

i.

-t,/

.4*tlysis u"l defuiled datu

Deterwinatian af EDC scettarb and cast

ldenlitv hest achievahle remediation aad reslaration ,nethods

: t \,( ltoris actrcn Ptan mtpasfilg r)vct-dll i.l )l

l{orutt)ring af implemenlatian of plan by regulatoryt b{dvs.

iI .. r;i:illruili!1)t1 ii) ule prc!trnrnan ui.c rllspsctltlll- l[ ]5 llac$s$ury t(! con]plelc

lhc rcst ul proccdures including asscssrtnont involving direct altd rndirect damages.

Since sueh $ detailcd assessmeflt involves multidiscipliuary aspecb it is necessary

!u !tr-,...pr :lsnrilurs iiuttt viutous licirl: suuir :rt irutust iicl,a ulrcrrl i{calilt

I)ep&rune nL Agriculture Department Revenue Departmenl ,Cround Water

Deparurcnt , Sorl Conservation Department etc, to the Committce.

lrr irglrt *l tllc abuvc lacls tt ls hurnbly subtlltitcd tlrat a ltlne prrrtid ol 3 tu (t

months mul be required by {he Committce lbr &e dctailed invesligalion on the

matter and tir gr*. out the assessmenls of rrmediation c{)sls rvhieh may kindly be

$railiuti

All rlre rh,,r'c statcd arc true to thc bcsf oimy knowledge, inlbrmation and beliel.

€4Y
Di:PoNt)N't'

Environmental Fnglneer

I
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\'S.ttll l(.,\ I l()i\

l Sajeesh Jcy, Agcrl 48 years. Slo V. A Joy, now t\orking as

i r!\ r!r,l|lrcrlial i:rrginCcr. Kerala Statc POliutton Cotltlol Board (hslclllaltcl

rcfcrrs(l to irs Board} District C)ffice-ll, Perumbavoor' Ernakularq duly

aulh,irr.,erl to lile this replv on behall of the Kerala State Pollution Control

:,..r.r.,.i ,r" ,!u,!u\ !srlly utt titts. tttc uu r.ia-t t.rr Dc':srrrwr' 2'.i.2-i, ritat aii ltitat r;

:lalcd alrrve is true and colrect to the ttest olmy knowlcdge, inlormation and

helicl'and is bome out ltom tle retords maintained in our office'

qY
\1.i.;rt:ir.irrt Environmentt! Enqlneer

llnvironrnental Engineer, District
Olfice - ll (llrnakulam),
Kerala Stale Pollution Control Boald, Perumbvoor.
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i}I]}.ORE TH'E HON'BL[, NATIONAL CRTEI{ TRIBI.JNAL
SOIjTHERN ZONf,, CHEN\AI

APPL,AL N0.88of2017

I l? ,,.:,, l\\,\r Appe,llant

vs.

lvlinistr.l of [:nviranment" Forests &
('!ilr:rtr' {'hen.'r' & ()thcrc f? r,c r-\r)r r !rlr !..

AF}'IDAVIT

I sajecsh Jrry. Aged 48 years, S/o V. A. Joy. residing at Kakkanadu, do

lrc'. !'' . ,!rnrn!r at'l'irm and slale as ftrllorr s

i anr nou rvorking as thr; Environmental Engineer. Dislrict Ollioc - II

(l:rnakularn), Kerala State Pollution Control Board at Perumb&voor, Emakulam

l)istrict l am competenl to and duly' authoriT-ed to represent the 5tl respondcnt

:ii lilc aili''r'c cii:ic. I Knolt iirc tacts aulo clrcunlslanccs {rl tl10 casg. ll:a iactuxJ

subnrissions made here under are lrue and colrect to thc best of my knowledge.

rnltrrrnation and belief. The legal submissions made therein are nulde on advice

,,..,,,, ..,.,:,-; ;,, : ; , . . 

' - . , , - . , , . , . 
' 

: , . , , - . '. ,; i.. r,,.'. ...,,; ,,--- ' -,,' :;;.'; :;,..'

llr''n'h,lc 'l-nbunal mty be pleased to aecepl the accompanying reply on file and

it rr .,' irunitrh pral-ed in the irlterests ttf iustice in this case.

4?
Environmental Englneer

sAJsESlt JOl'.

T}IiPONTNI'

liolrmnly atlirmed and signed betbre me by the literate deponent p€rsonally

kno',vn ttr me on *ris the 06th day of December. 2A24 at my office in Ernakultm'
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KEftALA STATE POLLUTIOf'l CONTAOL BOARD
eeog rn,omrocm asJltnloorn <n1olcnnem csrucdnry

OIsTRICT OFFICE (TRNAKU LAM_II}, PTRUMBAVOOR

t!
PMC. 20r33, Near xallqmkalAuditonum, Petumbavoor - 683 542

lt .r ,r, ; .,! r'i;1. a rlrd I

6x*tBrr R5 (a)

ilrr

I Iorlt

Ree AII)

lir
Srr. Gorge lssac

Chenn lkfur Kalemargara

Kclsrchsrry
!\ada-Yrru]pu

Enrakulam-68231 I

Su[' .'\ rrrral No. 88 of 2017 (SZ) betbre the Hon'ble NGT iSZ) -reg

i(;i i r. rid;r Jsicc t,).ur.lui+ ol'ihc llon i:lc t{tl )/-lnAFPcal Slrol jul/
"l llrr*ecrtirngs no: KSPCtll739i2023 - SHE- l of the Chairpeno$ dated2li10l2}24

-' rrder dated 0.1. I L1024 of the Hon'ble rr*GT SZ rn Appeal 88 of l0l 7.

Srr,

Attsrtior is invited to the above subject mater. In compliance with te order dated

05.09.2024 of {re llon'ble NCT (SZ) in Appeal 88 of 2017, Kerala Stgte Pollutiott

Conlrol Board hls oor:stie{od a commi& to ss$€ss a re$edi&tion cost for r6toring the

plrl$el sit{: as Ftr proc{xomgs vld€ reterellc€ (lr,

l;urther, in compliance with t}r subscquent ordet dsted 04.11.2024 of the Hon'ble

NGT (SZ) in the same appeat, it is hereby infonred th* sn inspection has been schedulsd

bi rhe commi{:ee ar the projec* sile on llflln0z4 at ll oB. You are requested to be

presenr :lt tile srte dunng rnspectron at tlle specrtied tlm8.

Yours faithliully
Oiqataly ngoed by
Saieesh Joy

DA€:2024.11.15
225&43 +0t30',

Environmental Engineer

('r)Jr1 l{l

{,.: ....1. !.-,,JqJ \- ! Jr r ., \,r,

r cmt ,qh:liimn! P K
( ie0logist,

['rnakulam District OJI]ce (Member) %,

')t

]J,

a,

Do ttrr,
Pc,l-i:,,

UT/

oF
or i.l2

Environmental Englneer
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: ilr. Juruad Hass6n,
Environmentrl Olficer
Stdc Envimnrnent tmpacd Assessment Authorily (SEIAA) (Member)

Managiry Prb€r [Stab6 & Ag$qsres (euafly Unit)l
Kadayirurpu
Kolcrdrcry P.O.

tsrna&ulam-682311

i 1ii. t'hatrperson
Korala Stare Pollution Control Board
. lcad 0tlice
I htruvananthapuram

: i hc iy{embcr Sscreury
Lersla Statc Polluion Conrol Board
Ucad O{f!ce, Thiruwnanthapuram

-' . /'!-i..1'l';.:., i:r:,.::-.-,:r.;l t-::rir. .r

Kerala State Pollution Coutrol Board
Regronal Office
Irrnakulam

Environmental Englneer

%
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U

General Framework

For Imposing

Environmental Damage Compensation

".:EZ-',
cPca

CENT'Rr{L POLLU TION CONTROL 80,\RD
I\{INISTRY O T' ENVI RONMENT. FOREST AND CLT },IA1'I] CHANGE

Parivesh Bhawan, East Arjun Nagar, Delhi I t00j2, lndia

December 2022
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Environmental Damage compensation (EDC) is a tool guided by'porrr.rter pays'principle, wherein a
cost is paid by the polluter responsibre forpolruting environment and causing damage to its components.
It is applicable in both cases where the release ofpollutants is sudden or gradual over a Ionger period,
recoverable for the site where injuries to natual resources have occurred.

while, the EDC is carculared on case to case basis and various cpcB guiderines exisrs for specific cases
& sectors for calcurating damage cost, need was fert for a generai aamervork for guiding the damage
assessment and cost esdmation process.

This document helps in identifying direct and indirect damages caused to cnvironment due to
anthropogenic activities and retroactive application ofEnvironment compensadon (EC) charges. rt also
details a standard procedure for damage ass€ssment including preriminary invesdgation. analysis of
data, identification of EDC liabirities. assessment of direcr & indtecr liabilities, assessmenr of eco-
system damages, derailed investigation ofdamaged site, anarysis ofdetaiJc-d data. detcrmination ofEDC
scenario and cost, identi! best achievablc remediation and restoration merhods, action plan imposing
over-all EDC and monitoring of implementation ofplan by regulatory bodies.

A standard format for preliminary investigation of damaged area is provided along with instructions.
Two checklists ofdirect and indirect liabilities for r 9 types ofanthropogeruc hazards are also provided.
Indicative methods of damage quanti'cation nnd EDC estirnarion have been compilerl antl placed at
Appendix IV for easy refercnce.

This document was prepared in pursuant to the directions ofHon.bre National Green Tribunar via order
dated April 24'2019inoA 606/201g. It is authored by Shri B. vinod Babu, Divisionar HeadwMII,
CPCB and co-authored by Smt. Garima Sharma, AS, CPCB with edirrng suppon from Sbri Sameer
Arora, Consultant (Engineering), CpCB.

Member S€cretrry

Central Pollution Control Board

PREFACE

2

00
2

PerunJ;
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PRELIMINARY FRAMEWORI( FOR IMPOSING ENI'IRONMENTAL DAMAGE

COMPENSATION

1.1 Introductior

Environmental darnage means tre adverse €ffects induced on environmental properties (or goods) due

to antbropic acaivity, in this context, envftonmental goods may be natual resources such as ait, soil,

surface water, groundwater, flora and fau,na, ecosystem, biodiversity and the services they provide to

ecosystem or to humans. some of the ecosystem services are purification, productivity. taadscape,

climate regulation, nutrient cycling, disturbance prevention and natural mitigation, etc.

Realising the need for the same, Hon'ble NGT vide its order dared April 24, 2019 in o.A. 606/201g,

noted that it necessary to recover cost of environmental damages lrom identified polluten based on

polluter pay principle by undertaking assessment of environmentar damage. This concept is needfur for
effective enforcement of environmental laws.

EDC is also based on the precautionary principle that ensures operators to take appropriate action to
prevent environmental damage from occuring. under the "polluter pays" principle the responsible

parry witl be required to restore environmental damage and also responsible for compensating

consequent damages caused on receptors.

It is necessary to ensure that EDC maximize the werfare of receptor popuration, restoration of
environment as well as maintain sustainable environment and eco-systems, however at the same time.

scientitically estimated EDC is necessary tojustify cost$imposed on poltuter_pay-principle.

Monetary valuation of environmental damages is a complex process involving multidisciplinary
juridical, technical and economic anarysis is necessary. Folrowing charlenges may arise in assessing

cnvironmental damages;

Establish existence of the damage

Establish cause-efflect lint berween the damage and the unauthorised or negligent activities;

Quantifu or determine extent of damage;

Identification olsuitable methodologies to valuare darnages.

a,

erumbanor

Do tem4
a)o

odrb42

Environmental Damage compensation (EDC) is a cost to.be paid by the poliuter r.esponsibJe for causing

environmenal damage by release of harmful substances or pollutants in cxcess ofstipulated standards

due to inadequate control equipment or negligence. Release of pollutants n,ay be sudden or slow and

gradual manner in excess of standards over a longer period.

11



1,2 EnvironmentrlDamageCompensation

Environmental Damage compensation (EDC) is a quantifiable and reasonably estimable future

expenditure as on date for restoration of environmental f,amages caused due to antbropogenic release

of pollutants in excess of pemrissible limits or unauthorised activity. Environmental damage

cornpensation is apportioned to one or more factors relating to degradation of air quality, water

resources' soil, grormdwater, adverse effect on human health, loss of eco-system services, including
damages caused to property, natural assets and productive assets. Thus, EDC includes cost of
assessments, cost of restoration and compensation for direct and indirect damages caused to human,

properg., flora, fauna including ecosystem functions.

1.2.1 Direct Damages

Direct damages or general damages occu; through direct interaction of poltuting activity with an

environmental, social, or e-conomic component. For example, discharge ofuntreated sewage into a river
may lead to a decline in water quality in terms ofBoD, Do or rise in bacterial coltamination.

1.2.2 Indirect Damag€s

lndirect or consequential impacts on environment often seen awa, riom source ancl oflcn occur in
pathway ofimpact. Indirect impacts can arso be secondtry or even third level impacts. For, example.

rainwater run-off over a dumpsite may contaminate a recciving water body with heary metals or other
toxins, which in turn lead to a secondary indirect impact on aquadc flora (phlropiankon) in that water
body. This may effect fish population in impacted watcr body, thereafter, reduction in fish yield may

aftect income of farming is third level socio-economic impacts.

As discussed' Environmental danage compensation 'vould require monetizing cumulative activities
preliminary site investigation, detailed site assessment, restoralion and also compensation for
environmental and ecological losses arising from direct and indirect damages.

1.2.3 Applicability

Environmental compensation need to be imposed retroactively. principle of strict liabiliry shal be

exercised on the polluter while implementing environment damage conrpensation. Strict liability is
imposition of liability on the polluter without finding a fault such as cxceedance of standards.

negligence or ill intention.

In cases where two or more persons are liabte in resp4ct of damagc, priuciple of joint and sevcral

liabilities may be imposed. Undcr joint and severar liability, a srate may pursue obrigarion of EDC

5 tird

Fetul;,i i:it

q

66r5;2

io
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against any one party as if parties were jointly accountable and it becomes responsibility of the

defendants to sort out their respective proportions of obligation and payment.

1.3 Scope of EDC & Standard Flory l{odel for estimating EDC

A standard procedure shall be followed for estimation of damages due ro anthropogenic potluting

activities. lt includes following steps,

i. Preliminary investigation

ii. Analysis olpreliminary data 
.

iii. IdentificationofEDCliabilities

iv. Assessment of direcL indirect liabilities

v. Assessment of eco-system damages

vi. Detailed investigation of damaged site, if required

vii. Analysis ofdetailed data

viii. Determination ofEDC scenario and cost

ix. Identifr best achievable remediation and restoration methods

x. DirectionV action plan imposing over-all EDC

xi. Monitoring of implementation of plan by regulatory bodies

The Standard Flow Model for estimating EDC is as Dresented below

6

y'dc\l---"x 
^

lPT"'o,uo,,iiA#
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1.3.1 PreliminaryinvestigatioD

Following scope of work identified for reconnaissance and preliminary investigation of damaged site;

To conduct field visits, visual site inspections, review of existing documenrs, maps and literature

and carry out rhe following activities.

Current sources of contamination at site and process ofrelease in the influcnce area.

Collection of historyrbackground information of the contaminated site

Basic features of the site i.e. collection of available information on the site like site maps

(topographical, geological), hydro-geological information, inlbrmation liom local authorities,

information on the type of polluting-sources at site.

Identification ofprevious and current land use pattem ofthe site

ldentification ofparameters causing immediate threat to the ecolog-v and environment.

Discussion with local people and other informed people, district administration, municipal and

reEulatory authorities, NCOS. etc.

Selection of the available observation wells (Bore well) in the watershed covering the site, for

monitoring water level and quality monitoring at appropriate locations, & inventory details iike

total dep& ofthe well, water column; Ilequency of sampling (prc monsoon/ post monsoon)

Description of arca with respect to existing land use, potential areas of environmental/ecological

risk, demographic profile, social economic and environmental conditions ofthe people in recepror

areas, flora and fauna etc.

Information ofprevailing or commonly reporterl health issues in the area

collection of preliminary samples and analysis of soil, sub-soil, surfacc warer, ground water for

comprehensive analysis of major ions and healy metals, organic constituents, pesticides and other

relevant parameters related to the contaminated site as per national ./ internarional accredited testing

procedures.

afU
a

o
7)o

8

'/ Do ttxr't )
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1.3.2 Analysis of preliminary data

Based on preliminary survey and sampling- a detailed sampling protocol aimed at assessing the

contamination level of the site and to establish the baselinc environmental status ofthe project area

shall be prepared. Thc protocol shall include identification ol criteria pollutant (parameters) for

analvsis, sampling lrequency (number ofseasons), number olsamples. etc. and shall be submitted

lor approval of concemed authoriries.

Identifi cation of Benchmark /Background samples.

Outlining the extent of contaminant plume or contaminated area based on field survey anr.l

preliminary findings.

Establishing conceptual site plan/model showing link befi,,.cen source al.rd receptor. It comprises

three elements (i) Porential sources of contamination, (ii) Potential receptors that may be harmed

and (iii) Potential pathways linking the rwo

This guidance document provides a broad framework for identifuing damagcs, assessing damages and

imposing compensation for environmental damage. Step-wise approach shall bc adopted for activities such

as preliminary assessment, identification of direct and indirect liabilities, detailed, environmental and

ecological studies, assessment ofdamages, calculation ofcompensation for direct and indirect liabjlities.

- Following direct liabilities will be applicable for assessment and restomtion:

. Soil and sedimenI contamination

r Croundwatercontamination

. Contamination surface bodies

. Damages to eco-systems

These ecological impacts may constihrte clearing/fiagmentatioo/alteration/destruction ofnative yegetatiol,

animal habitats, pollution of watercourses and wetlands, sediment, nutrient and pollutant run-off into

adjacent vegetation and animal habitats, loss ofhollows, nesting and feeding habitats for birds, etc. Some

ofthe activities that may causc ecological damages are as given below;

. Sand mintng

[u99

D

J0b

f.3.3 ldentification of direct and indirect EDC liabillties

rir
,;
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. Mining activity

. Industrial discharge of wastewater

. Dumping of hazardous wastes arld chemicals

. Deforestation

. Release ofair pollutants

The direct liabilities with respect to Air pollution are,

. Compensation for release ofair pollutants iri excess of permitted quantities

. Compensation for release oftoxic gases from process

lndirect damages are those damages which are not directly accountable to an action and may either

be fixed or variable. A few important indirect damages ate,

. Cost of compensating indirect damages

. Social responsibility for supply ofsafe drinking water

. Resettlement/Relocation

. Loss of life

. Permanent, temporary, total or partial disability or other injury or sickness

. Loss ofwages due to total or partial disability or permanent or temporary disability

. Medical expenses incurred for treatment ofinjuries or sickness

. Damages to private property

t Expenses incurred by the Govemment or any local authority in provitlfug relief, aid and

rehabilitation to the affected persons

' Loss to the Govemment or local authority arising out of, or connected with, the activity

causing any damage

' Local claims including cost ofresto*tion on account ofany harm or damage to environment

including pollution ofsoil, air, water, land and eco-systems

Loss ofbusiness or enrployment or both

DO F
K. 2

F
10

U

%v

17



Any other claim arising out of or connected'with environmental and ecological damages due

to release of pollutants

Long term monitoring costs (for options such as monitored natural attenuation)

Claims on accomt of harm to milch and draught nnimals

Claims on account ofham to aquatic fauna

Claims for loss due reduced fishing yicld in ponds, rivers or sea

Impacts to the environment can be caused through a variety of mechanisms. It is not the intent ofthis repon
to capture all possiblc contamination sccnarios that may occur in a multitude of permutations ald
combinations that may impact the natural resources. However, this report addresses environmental impacts

arising from prominenl anthropogenic polluting activities which contaminate natural resources and impact
receptors. A check-list ofenvironmental damage scenarios and applicable compensation liabilities is placed

at Appendix II & III.

1.3.4 Assessment of direct and indirect liabilities

Development ofnational framework on environmental damage assessment is a complex exercise requiring
consultations with multi sectoral experts of environmeatal economics, remediation, cost estimates, etc.

GPCB utilized expertise of Expert Group comprising experts on damage assessment, environmental
economics, valuation, etc. A meeting of Expert Group was held on May 16,20lg tt central pollution

Control Board to guide efforts for exploring development of national framework. It was suggested that a

standard procedure for calculating b€st 
"rtimition 

of damages due to diltbrent scenarios of anthropogenic
polluting activities need to be developed over time for quantification and estimation of environmental
damages.

In case of environmental damages arising due to improper handling of hazardous wastes, guidelines on
imposition of environmental Iiability published by cPba may be referred. Indicative methods tbr
assessment ofenvironmental damage compensation for air pollution, river pollution, soil and groundwater
is placed at Appendix lV. Specific studies would be necessary for assessing EDC dcpending on naturc of
damage. Cost for penal or deterrent charges and criminal damages have not addressed in this refercnce

document while estimating EDC.
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1.3.5 Assessment of Eco-system liabilities

Quantification of ecological damages is analytical measure of the extent, severity and duration of the

damage in tenns of alteration, which is an advene variation with respect to the baseline condition ofthe
natural resources and services; deterioration, which is a partial loss ofthe ability ofthe natural resouce to

provide an ecological or public service; padial destruction, which is the loss of one or more services; and

total destruction, which is the loss ofall the services. Thus, assessment of eco-system damage is complex

and location specific. It is required to be done on .r.d to case basis by collection, compilation and

assessment ofdata on biological environmen! ecosystem fimctions, communities, etc. in the damaged area.

ln view of time constraint, the same may be done using archive data available with local agencies &
concemed institutions.

1.3.6 Detailed investigation ofdamaged site, ifrequired

Detailed investigation is build up on findings ofpreliminary investigation, including extenr & significance

of direct and indirect damages. Detailed assessment should be carried out as per pre{€termined sampling

protocol approved by concemed authority. Scope of detailed assessment in case of contaminated areas is

given below;

Clearly delineate the boundaries, longitudinal and cross section of the contaminated site through

topographic and other engineering surveys and prepare a base map of the site.

Water, soil, sediment, and air quality u.r..r,n"nt - -llysis of criteria pollutants

collect data on geological, hydrogeological and hydrological features of the contaminated site - if
required necessaqr studies shall be carried out.

Development of groundwater flow, surface water flow and mass trarsport models.

Estimate the quantity of contaminants and rheir concenftations including sscondary pollutants.

Socio - economic and environmental assessment of the contaminated area.

Assess the potential environmentavecologicavhealth impacts on soil, ground water, surface water

bodies, population, flora and fauna

Pathways ofcontaminant transport, fate ofthe contaminant and exposure.

Assessment oftoxicity, bioavailability, biodegradability and mobility of contaminants.

o vLU I/
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Identification of significant receptors and establishing trigger values.

Use suitable quantitative or qualitative risk assessment model.

This report does not prescribe detailed methodology for assessing environmental damages. However, an

indicative checklist ofpossible types ofdamages and parameters indicating indirect impacts on environment

is given at Appendix tr & I[

1.3.7 Analysis of detailed data

Analysis of data ftom detailed investigation data will determine the applicable damages for environmental

compensation, which should be estimated a.s per specified methodology-. rhat may be evolved on case to

case basis. Some ofthe indicative methods for assessment of environmental damage compensation for air

pollution, river pollution, soil and goundwater are given at Appendix tV.

1.3.8 Determination of EDC scenario and cost

As discussed earlier, environmental damage compensation is cumulative of one or more factors relating to

environmental degradation of air quality, water resources, soil, groundwater, adverse effect on human

health, loss of eco-system services, including damagcs causcd to properfy, nanral assets and productive

assets. Thus, EDC includes cost ofassessments, cost ofrestoration and compensation for direct and indirect

damages caused to human, property, flora, fauna inchrding ecosvstem functions etc., identified during

detailed assessment study.

Environmental Damage Compensation compises of (i) assessment obligation, (ii) remediation obligation
(iii) restoration obligation (iv) compensation to affected third pafiy (v) obligation to compensate damage ro

natural resources. Thus environmental damage compensation can be calculated as below;

EDC : Assessment Costs + Cost of remediating damages to environment & ecology + f66ps11sation for
damages to environment and eco-system services {

The concerned regulatory agency (or sPCBs/pccs) may approve applicable EDC scenario.The key
pammeiers that \Mill ultimately dictate the level and costs ofremediation activities are degree ofecological
damage, number of impacted recE)tors, imFacted media volumes, volume of indirect damage liabilities,
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Pollutants (constituents) of concem, number bf contaminants, impact rratrix, curcnt and intended fufure

land use, migration of contamination, etc.

1.3.9 ldentiry best achievable remedlatiol and restorstion methods & its cost

Having completed the preliminary and detailed site assessment as above, the polluter may be liable to

undertake remediation and restoration activity, as applicable. A remediation plan is to be prepared

speciSing most applicable remedial technology to bring the site-specific contaminatiorl levels down to no

risk or an accepted risk level (based on environmenV human health scenario) and estimated costs for

remediation. Upon review of the same, the concemed agency (or SPCB/PCC) may speci! remediation

objective and site specific target levels for restomtion for specific constituents of concems along with

intermediate target levels vis-ri-vis time schedule so as to monitor the progress ofremediation. Evaluation

and fixation ofsile specific target levels for restoration of environmental and ecological damages may be

specified by concemed SPCB/PCC on their own or by constihrting an Expert Committee thereof. A
restoration plan of the site may be evaluated by concemed SPCB/PCC or Expert Committee and target

levels fixed for intermediale monitoring. An ipdicative approach for arriving at an appropriate remediation

option and restoration plan is presented in the flow sheet below,

Identifo areaV media and their volume requiring
remedial action & restoration

Development ofin-situ or ex-situ restoration
approach. such as containment, in-situ treatment,

removal or monitored natural attenuation. etc.

ldentift tecbnologies corresponding to cach
general approach and evaluate technologies

with effectiveness, implementability and cost

Combine media specific technologies to develop
remedial options'& restoration Dlans.

Selecled remedial option & resioradon plan
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Expert Committee may also finalize applicable compensation liabilities due to indirect damages based on

detailed investigarion studies.

once the plan with site specific target levels is approved by the agency (or SpcBs,?CCs), responsible parry

shall undertake site restoralion accordingly under supervision of agency or any thirrl parly appointed for

the same. During such period, few sampling and analysis shall also be carried out by the SpCBipCC for

validation.

13.10 Directions/ action plan imposing over-all EDC

Upon receipt of the assessment reports, which shall comprise of damage assessment, remed.iation objective

and restoration plans along with the cost estimation and time schedule, the concemed agency (SpCB/PCC)

may firm up the remediation objective and duly approve the plan for implementation by specirying site

specific target levels. Directions may be issued to responsible party(ies), as necessary.

13.11 Monitoring of implementation of plm by regulatory bodies

The approved restoration plan and recovery of environmental compensation for damages caused to
environmental properties shall be executed by the responsible party(ies), which may be monitored by
SPCBIPCC as per the time schedules and phase wise remedial targets thereofas declared in the assessment

report so as to meet the said remediation objective/standard. During such monitoring, few sampling and

analysis thereof shall also be carried out by the SpCB/pCC for validarion.
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APPENDIX I
FORII{ - I

FORMAT FOR PRELII{INARY INVESTTGATION OF DAMAGED AREA

I Date and time of inspection

2. Localion of damaged area

Coordinates of damaged area

4. Nature of damage

f Possible cause of damage

6 Single source contamination or multi source

contamination

Estimated date or duration ofactivity resulting in

damage

8 Impacted receptors (tick whichever applicable) I Air

: Surface water .. . . . .

! Drinking water

Ground water

I Soil

I Sediment

I Flora

I Fauna

2)

3Ar Cl

Uft
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I Cattle

I Cropsi Agriculnue land/ Orchid

I Infrastructure/property

! Others......

9 Pollutants suspected to be discharged

10. Pollutants of most concem

I l. Estimated quantification ofdamage media (in

terms ofarea, volume, numbers, percentage, as

applicable and possible)

12. Land use (industrial, commercial, agricultural,

residential, combinations thereof. etc.)

Specif, ifneeded.

Historic

Current

Futurc

13. Site situation (climatic conditions, hlCrology,

groundwater flow, surface waters, underground

structures, etc. in damaged area)

14. Type of geology (sand, clay silt, weathered

rocks, fracture rocks, competent rocks)

15. Deplh to ground water (m)

(if applicable)

l6 Offsite migration of pollutant possible, specifo Yes / No

t7 Location of damaged area with respect to nearby

wetland or eco-sensitive areas (if any)

l:Dn
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llt ofdamaged area with respect to sensitive

receptors that could possibly require remedial

actions such as, potable water supply, surface

water bodies. residential area, sensitive

ecosystem, etc.

Location

19. Any immediate measure taken to control

damage, specifr

Yes / No

20 Any other observation requiring mention,

21.

. Relevant permits, consent, license, etc. (ifapplicable)

. site layout map

. Photographs

. Videos

Documents to be attached (if available)

Signature

Name & designation of team members

Date & Place

INSTRUCTIONS FOR FILLING FORM . I

This fbrm serves as a preliminary factsheet to gather generar information on damaged site

The inspecting team shalt perforrn dry inspection including observation ofdamaged site, neighborhood

& operations/ activities in the area, interviewing stakeholders/site/receptors representatives, collecting
rccords & reports available. taking photographs or making videos, etc.

Preliminary inspection can be a rapid walk-through iospection or slightly more elaborated, ifrequied.

while informing 'nature ofdamage' and 'possible cause ofdarnage'. an estirnate may be made on most

possible scenarios that may have occurred resulting in environmental damage 1o the site. In case, team

fails to make an estimate, a list ofprobable scenarios ryray be prepared.

D0 (EKtr4 2l
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'Pollutants suspected to be discharged', it is required to mention all the pollutants suspected to have

been discharged during the incident. However, witi respect to information under 'Pollutants of most

concem" it is to remember that it is the function of nature of pollutant, its impact of human &
environment, toxicity and concenEation at damaged site. For example, it may include but not limited to

a pollutant which is carcinogenic or hazardous or radioactive. It may hclude toxic pollutants which are

poilutants or combinations of pollutants,.including disease-causing agents, which affer discharge and

upon exposue, ingestion, inhalation or assimilation into any organisnr, either directly from the

environment or indirectly by ingestion through food chains, will cause death, disease, behavioral

abnormalities, caocer, genetic mutations, physiological malfunctions, (including malfunctions in

reproduction) or physical deformations, in such organisms or their offspring.

'Estimated quantification of damage media', in case air quality is affected, it may be reported in terms

ofarea and population under direct impact and physic*l observations on air quality.
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.A.PPENDIX I\/

INDICATIVE METHODS OF DAMAGE QUANTIFICATTON & EDC

ESTIMATION METHODS

I. AMBIENT AIR

l.l Applicability

' Discharge ofairpollutants from ducted an'd/or nonducted emissions above prescribed limits or general

standards

r Deposition oftoxic particulates on land iiom localized air polluting source (lead, mercury, cadmiurq

etc. )

' Formation of complex secondary pollutanB due to nucleation, condensation and other chemical

reactions of primary pollutants d.ischarged from a pollirting activiry

I . 2 Quanffication

The monitoring & analysis of applicable parameters (as per prescribed norms) upwincl, mrd site and

downwind may be conducted as per established methods of measurement. Dispersion model such as

AERMOD, CALPUFF, CAIINE, etc. can be used to determine the change in concentration over the

specific area. For estimating affected population, ATcGIS can be used or else can be done manually using

population details available i:r public domain for damaged site and downwind area.

1.3 Estimating cost due to m(,rlaliv & morbidi|, using direct cost tratsfer method

This method is based on the method of ransferring available information from already completed studies

in another location or context. lt is economical and less time consuming than other available method for

economic assessment. It can be used as a screening process to decide whether original valuation study

would be required or not. Steps for valuation through this method are as presented below,

Decide whether the existitrg value are transferable

Identiry existing studies or values
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Quality cfs?udies to be transferred

Adjust the existing value to betrer reflect the value for
the case study under consideration

For ease ofunderstanding, a case study by Muller & Mendtlssohn, 2007 is used for estimating damage cost

due to mortality and morbidity (Chronic bronchitis. Cardiac issues etc) due to air pollution in an area using

direct cost transfer method. Assuming that the conditions at the rct'erred site are similar in total or portion

to damaged site under study, we utilize cost estimates ofreferred study to deduce cost per tonne ofpollutant

emitted reworked to lndian context by considering exchange rates and inflation.

Damage cost on Health (Rs/tonnes) = Damage cost per tonne (USD, 201 l) x Excharge rates x inflation

It is elucidated as below,

*Findings of refened sudy

* * Exc hange rate app lied

* * *l nfl ation rate appl ied

Damage cost due to mortality and morbidity per tonne of emitted pollutants

sl.

No

Pollutant Damage cost per tonne

(usD,20l l)*
Damage cost per tonne

(II\rR)**

Damage cost per

tonne (2019)***

!l ortality

36,062.15I NOx 319.82 22,084

2 VOC t13.79 9,929 16,213.6

llorbiditv

I NOx 5.07 57 t .5i

2 VOC 2.24 155 253.11
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1.4 Estimating cost of life & health through value oJ'stati$icat life and disabiliy adjusted lde year

Value ofstatistical life (VSL) is the amount people are willing to pay to reduce risk so that on average one

less person is expected to die ftom the risk. Altematively, it can be thought of as how much people are

willing to pay for safety. VSL estimates are based on studies of the wage compensation for occupational

hazards or studies that elicit people's willingness to pay for mortality risk reduction direcrly. On the other

hand disability-adjusted life year (DALY) is a measure ofoverall disease burden, expressed as the number

of years lost due to ill-health, disability or early death. Both of these values are powerful ind.icators tbr

understanding impacts of air pollution on affected population. There are nurnerous studies done lbr

calculating VSL. With regard to DALY, values are published in WHO publication "Global Burden of
Disease'.

The mortality cost is calculated using following equation,

Tc (Mortality) = Pa x VSL x (l+i)D

Where, .

Tc = Total mortality cost

Pa: Affected Population (calculated as below)

VSL = Value of statistical life (Using data from existing literature)

i = inflation rate

n : number of years

The morbidity cost is calculated using following equation,

Tc (Morbidity) = Pa x DALY x di x (l+i)!

Where,

Tc : Total morbidity cost

Pa: Affected population (calculated as below) .

DALY= Disability Adjusted Life Years (Using data from WHO database)

Ai = Annual Income (Using data from latest NatioDal / State economic survey reports)

i = inflation rate;
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n = number of years

The value for Pa is calculated using equation below,

Pa=AFxBixPe

Where,

Pa: Affected Population

Pe, Exposed Population = (Total population * ambient concentration ofpoltutant / relative risk)

Bi = Baseline Incidence*

AF, Attribution Factor*+ = ((Relative fusk- l) / Relative risk)

tlt is expected level of disease that is usually present in a community. Baseline lncidence per 100,000

population is based on threshold limit given in WHO guidelines.

**Attributable risk is the rate (proportion) ofa disease or other outcome in exposed individuals thar can be

atkibuted to the exposure. Further, relative risk is the ratio of the risk of occurrence of a disease among

exposed people to that among the unexposed. WHO guidelines provide valuc of relative risks for various

air pollutants and relevant diseases.

I .5 Estimating cost of impacts on biodiversiry-, crops & proper4,

Direct cost transier method is most suitable and less time.consuming method for estimating damage cost

with respect to crops, flora fauna, orchids, cattle, property, etc. The results from referred study are

transferred to the site under assessment and values are adjusted considering exchange rates and inflation. It

is presented below for a study on effects on flora due to NOx & VOC conducted by Muller & Mendelssohn,

2007 ,

Damage cost due to effect on flora due to pollutants

sl.

No

Pollutant Damage cost per

tonne (USD,2011)

Damage cost per tonne

(INR)

Damage cosl

tonne(2019)

per

NOx 28.67 I 980 1)1? r<

voc 11.96 1033 i.686.84

'00

Pert
(EKM 2)
mbaycor
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2. SURFACE WATER

2.1 Applicability

r Discharge of untreated or partially treated emuent into nearby streams or nalla ultimately d.ischarging

into larger surface water bodies

r Runoff from waste dumps entering into surface water bodies

' Variety of exposure pathways to receptor including but not limited to dermal contact with polluted

water, ingestion by human, ingestion by livestock & its potential bioaccumulation in foodchain,

ingestion by aquatic species

' Pollutaots include organic, inorganic constituents, pathogens, nutrients, suspended solids, radioactive

pollutants, oil & grease, thermal pollution, etc.

' Damage to human health, water supply suspension, fishery, recreational function, biological diversity,

environmental property and indirect damages

2.2 Quantifcation ofdischarge of conservative substances into ivers

This method can be applied to calculate conc€ntration of conservative substance such as, total dissolved

solids, chlorides and certain metals which remain consewed i.e. there is no losses due to chemical and

biological degradation and its concentration remains unchanged until the encroachment ofnext tributary.

Ifthe source ofdischarge is a point source (that enter from a fixed discharge point such as effluent pipe or

tributary stream), downstream concentration ofpollutant can be estimated by using mass balance principle

at the point of discharge. Assuming that the river is hornogeneous with respect to water quality parameter

across its depth and height. Also there is no miling ofon" parcel with another due to dispersion and velocity

gradient. The order ofmagnitude of the distance from a single point souce to the zone ofcomplete mixing

is obtained fiom following equation (Muller & Thomann)

Lm = 2.6u* (For side banl< discharge)

Lm = 7.3 Ut (Ffr midstream discharge)

Where

Lm = distance from the souce to the zone where discharge has been well mixed in ft

U = average stream velocity in $s
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B: average steam width in ft

H= average stream depth in ft

By assuming complete mix condition, the principal stalemenr for mass balance ar outfall will be

mass rate of substance upstream + mass rate added by,outfall = mass rate of substance immediately

downstream from outfall.

Q,S"+Q"s.=QS

s= Qltsu+QeSe

o

Where,

Q,, S" = Upstream flow and upsteam concentration respectively

Q", S" = Outfall flow and concentration respectively

Q, S = Downstream flow and downstleam concentration respectively

Assuming upstream concenkation of substance as zero (S,: 0), then downstreao concentration catr be

calculated using equation given below,

s=fro;xse

2. 3 QuantiJication of discharge of non-conservatjve substances in river

Non conservalive substances decay with time due to chemical reaction, bacterial degradation, radioactive

decay, or settling of particles. Thus, assuming that the decay of substance is according to a first order

reaction, i.e. rate ofloss ofsubstance is proportiooal to concentration at any time.

At boundary condition i.e. S: So at x: 0 where So is calculated from equation above and by assuming

uniform cross-sectional area, the concentration of non-conservative pollutant can be determined using

equation below,

s = so e(#)

Where K is the decay rate, since x,/u = t (time to Eavel a distance x at velocity u)
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2.4 Quantification using modelling approach

USEtox model can be used for calculation ol characterization factor of toxic pollutant. This model offers

more than [250 substances and reflect more updated knowledge and data on effect factors. This model was

specifically designed to determine the fate, exposure and effect of toxic substarces with the ability to

consider spatial differences with the country specific parameters. The characterization factor in the USEtox

model includes a Fate Factor (FF), Exposure Factor (XF) and an Effect Factor (EF).

2.5 Cost estimation to humdn health damage

Evaluation of economic losses related to human life and health includes sum of two components (i)

evaluation ofcost offatality (ii) evaluation ofcost ofaffecred persons.

Lnn = V aN a + Z14v k,eN k,p

Where,

LHH : Total cost to human health damage

Va- Economic loss ofone fatality

Na = Number of fatalities

Vr,p = Economic valuation of affected person in the category k

k: I slightly affected [s 2 severely qffected k: 3 very severely affected

N1o : Number of person affected

Evaluation ofcost ofone fatalif.v

According to " the year ofpotential life lost" proposed by U.S. Centres for diseascs control and prevention

in 1982 .life is valued in proportion to person's potential cconomic production. Cosr ofonc fatality also

includes living cost ofdependents. Thus cost ofone fatality depenrl on age olvictim, his income, number

ofdependent on him. The life expectancy ofhealthy human is assumed to be 80. Cost ofone fatal victim is

presented in table below,

2)DO FK
Perunba tJ0
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Cost of on€ frtal victim

('a'= age of yictim, 'ae'= age of dependant elder, 'ay,= age of dependent child)

a <60 60<a<75 a>='75

Victim's own loss in age 'a' Incomex20 lngsrnsx(90_a) Incomex5

Cost of dependent's living

needs

Living expenses ofone

elder ofage'ae'

60 <ae <75 ae>:75

lncomex(8O-ae) Income*5

Living expenses ofone

child ofage 'ay'

lnqsrnsx(lg-ay)

!yaluation oI cost of affected nerson

Evaluation of affected people is the function'of their age and severity of affect. It is classified into three

categories slightly affected, severely affected and very severely affected using coefficient of 0.4, 0.7 and I

respectively. Duration of sick leaves and medical fees associated with the cure of affected people is also

taken into consideration while evaluating economic valuation of affected people.

2.6 Eslimating cost of damage to Jisheries

Surface water pollution directly affects the fish yield, to recover the same certain time period is required.

Assuming that fishing is forbidden before recovery offish yield, the economic loss of damage to fishery

can be evaluated using the following equarion.

Lr=AIrxrt

Evaluating cost of one affected victim

Detail of loss estimation Slight Severe Verv severe

Affected people om loss and

living cost ofthe dependant

Cost in homologous

death x0.4

Cost in homologous

death x0.7

Cost il homologous

death x 1

Loss of sick leaves Average daily wages x dh x 3

Medical Fees Average hospitalization expenses

LU I
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Where.

Lr: economic loss due to damage to fishery

AIr: annual gross income fiom fisheries in polluted water

rt = the recovery time ofaquatic product (for estimating same AeUATOX model, by USEpA can

be used)

Eslirnating cos, of damage to recreationalfunction

Surface water pollution affects the economic function of recreation activities such as swimming, angling.

boating etc. To evaluate the cost of damage to recreation functional. following equations can be used. The

data required on number ofpeople swimming. boating, angling in the concemed water body per day can be

obtained fiom local agencies or socio-economic studies conducted in the area.

Ln:L5y+Ler*Lec*LLv

Lsy = Psyx ]r{51r x f,

Ln : the loss of damage to recreation

L5y : the loss of swimming

Lar : the loss ofboating

Lec : the loss ofangling

L1y : losp of leisure means

P5y : the price of replacemenl of swimming per person (rs/cap/ day)

Nsv : the number of people swimming in the waler per day (cap/ day)

d : duration ofthe pollution episode (day)

Psr : the price for replacement for boating (rs/cap/ day)
a

Nar : the number ofpeople boating in water per day

d : duration olpollution episode (d)

Ls1: Pslx NIsl x d

La6 = Pa6x }l|a6 x d Pao : lhe price for angling for boating (rVcap/ day)

NAo : the number ofpeople angiing in warer per day

d : duration ofpollution episode (d)

2t
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2.7 Estimating cost ofdamage to environmental property loses

Pollution released in water bodies deteriorate the water quality and decrease the value of surface water.

Pollutant may also deposit in sediments and percolate in rrearby sources ofgroundwater. Pollution clearance

cost analysis is applied to evaluate the cost associated with damage to environmental property due to water

pollution using following equations,

3. GROUND WATER

3.1 Applicability

o Leaching of contaminants from wastes durnped onto open parcels ofland

o Leaching ofchemicals fiom storage tanks or leaking underground storage tanks/ fuel tanks/ septic ranks

o Leaching of contaminants from landfills that are leaking below ground

r Reverse injection of effluent into deep injection wells

o Leaching of contaminants from underground leaking pipelines carrying liquid chemicals

L6p: C5q' + Q6y + [56

Csw = Pswx Vsu

LEp = loss ofenvironmental property (rs)

Csw = cost ofpollutant removal from surface water

Cso= cost of pollutant removal from sediment

Ccw: cost ofpollutant removal form ground water

Psw = price of removing pollutant from surface water

(rvmt)

Vsv : the volume of polluted surface water (m3)

Ccw: Pcwx Vcu Pcw : price of removing pollutant from ground water

(rVm)

V6y + the volume ofpolluted ground water (m3)

Cso: P56x {- Pso = price of sediment remediation (rs/m2)

Aso = the area of polluted sediment (m2)
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contaminated aquifers provide a variety of exposure pathways to various receptors, including but not

limited to, most importantly Humans, Livestock, including cattle, poultry, flora, fauna etc. These

pathways include, but are not limited to dermal contact with contaminated groundwater, ingestion of
contaminated groundwater and ingestion of crops that are irrigated with conaminated groundwater-

3.2 Quantification of damage to groundwater

The pollutant which enter subsurface zone creates a contamination plume within the aquifer. Thus, small

amount of certain pollutant can contaminate large areas. Flow through groundwater is govem by two

physical process that are advection and hydrodynamic dispersion. Advection is the component of solute

movement attributed to transpon by flow'ing groundwater. The rate oftranspon is equals to averagc linear

groundwater velocity, v* where v*:v/n, v being the specific dischargc and n the poroslty.

Further, solute transport equation is used to represent the movement of flux of solute mass thiough a control

volume. The equation states that the sum of all mass, which creates solute with the control volume, must

be equal to a change in the concentration ofsolute with the control volume.

* = [*(o.*s)*#(r,#)*.a(r,",{)]- [iw.cr ++(vyc) +*ry,o]

Where,

V", Vr,V, = Seepage velocities in x,y,z directions, r/s

D,, Dv,D, = Dispersion coeflicient, rn-2lsec

C = Solute concentration, mg/ml

T = Time, (s)

Visual MODFLOW can also be used to predict the ground wat€r flow with the contaminate fansport. With
the use of geological and hydrautic data the potential area of pollutant aansport ard its concenfation can

be simulated with the help of MODFLOW and MT3D. Using this morlel the concentration of pollutant at

the user end can be determined-
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3.3 Cost estim%lion to damages

Methods for estimating cost to human health and cost ofdamage to environmental property described under

surface water may be transferred for ground water damage cost estimation. However, while calculating

EDC for groundwater pollution ecological economic ur'.aa.r"n, of groundlvater is essential. This is

elucidated with an example on removal of groundwater (Gw) deposit due to mining activity in an area,

Relevant parameters are,

r Monetary value co-efficient of the damage caused by destruction & removal of ground water (K
deposit)

. Static reserve's assessment co-efficient ofthe gound water (K stati(.reserve)

. Monetary value co-e{ficient of damage caused by the water removed (K water infiltration:)

. Basic price of ground water (Rs./ mr)'

. Volume of groundwater that is being removed (m:)

r Water retum coefficient of groundwater

Total cost of GW removed : Basic price of Gw x water return coefficient of GW X Volume of GW being

rcmoved (Kdeposil + K t1o11" ,"t"*" + K water infltration)

4. SOrL

4.1 Applicability

. Illegal dumping of waste (hazardous or nonhazardous) on open parcels ofland

. Discharge ofuntreated or inadequately treated eflluent onto open parcels ofland

r Boundary breaches wherein wastes might either get spilled onto open parcels ofa joining land, and/ or

sub grade breaches where wastes and./ or leachate seeps into the subsoil and potenrially ultimately into

the aquifer

. Spills ofchemicalV wastes during trarsportation, leakages fiom trucks, tants, pipelines etc.

' Impacted soils can lead to indirect impacts including rendering the land as not usable for ag-icultural

purposes, serving as a continuous source ofcontamination to groundwater. serve as a direct exposure

pathway to human-s who may come into contact with the contaminated soil media.
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Soils that are contaminated provide a variety of exposure pathways Io various receptors including but

not limited to, mosr impofiantly humans, livestock, including cattle, pouhry, etc. These pathways

include, but are not limited to dermal contact with contaminated soils. incidental ingestion of
contaminated soils, ingestion of crops that are grown on contaminatcd soils, inhalation of vapors from

wastes that are dumped on soils

In India, there are no comprehensive soil quality regulations and standards to ascertain the seriousness and

quantification ofcontamination, however, intemationally adopted standards can be applied selectively for

setting screening and response levels for contaminated soils.
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