'”ﬁr*—*'-‘"\ '\

ENVIRONMENTAL AND SOCIAL SOUNDNESS ASSESSMENT
GUDDU POWER PLANT EXPANSION PROJECT

PAKISTAN WATER AND POWER DEVELOPMENT AUTHORITY

' OFFICE OFENERGY AND ENVIRONMENT
. U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT

MISSION TO PAKISTAN

ERQRR : ,
PREPARED BY: - Lo
KBN ENGINEERING AND APPLIED SCIENCES, INC.

AUGUST 1988 - o B




ENVIRONMENTAL AND SOCIAL SOUNDNESS ASSESSMENT
GUDDU POWER PLANT EXPANSION PROJ=CT

Pakistan Water and Power Development Authority

Prepared by:
KBN Engineering and Applied Sciences, Inc.

August 1988



LIST OF PREPARERS

Listed below are the persons who directly participated in the preparation of
this Environmental Assessment tur the Guddu Power Generation Project,

M. Glenn Rutanen-Whaley, M.S. USAID--Washington, Environmental
Coordinator, Bureau for Asia and
Near East

John Morgan USAID--Islamabad, Mission

Environmental Officer

Kennard F. Kosky, M.S., P.E. KBN Engineering and Applied
Sciences, Inc., Project Manager

James R. Newman, Ph.D. KBN Engineering and Applied
Sciences, Inc., Assistant Project
Manager and Ecology

David A. Buff, M.S., P.E. KBN Engineering and Applied
Sciences, Inc.

Robert C. McCann, B.S. KBN Engineering and Applied
Sciences, Inc.

Frederick Ramsey, M.S., P.E. KBN Engineering and Applied
Sciences, Inc.

Herbert Platt, Ph.D. KBN Engineering and Applied
Sciences, Inc., Socioeconomics

Lisa G. Spinella, B.S. KBN Engineering and Applied
Sciences, Inc., Document Production

Sebastian M. Marano Gibbs and Hill, Inc., Home Office
Project Manager

Norman W. Hinsey Gibbs and Hill, Inc., Senior
Engineer



ACKNOWLEDGMENTS

During the preparation of this environmental and social soundness provided
by certain individuals by supplylng critically needed information and/or by

reviewing portions of this assessment.

These efforts are greatly

appreciated and contributed to the technical soundness of this document.

Mr. M. Sadid Niazi, Zoologist
Pakistan Zoological Survey
Department

Karachi, Pakistan

Dr. S.A. Khan

Agricultural Extension
Wildlife and Forestry Dept.
Government of Sind
Karachi, Pakistan

Assistant Meteorologist
Regional Meteorological Center
Karachi Airport '
Rarachi, Pakistan

Dr. Abdul Ghaffar
Chairman

University of Karachi
Karachi, Pakistan

Najib Murtazo

Office of Energy and Environment
USAID - Pakistan

Islamabad, Pakistan

Farrukh Mahmood

Office of Energy and Environment
USAID - Pakistan

Islamabad, Pakistan

L.J. Munder

Gibbs & Hill, Inc.

Guddu, Pakistan

Abdul Kharl

Conservator of Forest
Wildlife & Forestry Dept.
Government of Sind
Sukkur, Pakistan

Norman Hinsey
Gibbs & Hill, Inec.
New York, New York

ii

Mr. M.F. Ahmed, Director

Pakistan Zoological Survey
Department

Karachi, Pakistan

Khan Mohammad Khan
Deputy Conservator of Forests"
Sind University

Library Staff

Sind Wildlife Management Board
Government of Sind

Karachi, Pakistan

Dr. 'Soaliha Ahmed
Department of Botany
University of Karachi
Karachi, Pakistan

Dr. Waldemar Albertin

Office of Energy and Environment
USAID - Pakistan

Islamabad, Pakistan

Stafford D.I. Reimers
Gibbs & Hill, Inc.
Guddu, Pakistan

Peter Biro
Gibbs & Hill, Inc,
Guddu, Pakistan

Dr. Muhammod Hanil

PCSIR Laboratories

Ministry of Science & Technology
Government of Pakistan

Lahore, Pakistan

A.G. Pirzada

Agriculture Center

Sind Regional Plan Organization
Karachi, Pakistan



Dr. Kazi, M.D.
Director
Wapda/Guddu Hospital

Najib Murtaza
Environmental Engineer
USAID

Energy & Environment
Isalamabad, Pakistan

M. Waseem Choudhry
Program Manager

Power Generation Program
Islamabad, Pakistan

S. Hakim Ali Shah Bokhari
Pakistan Department of
Archaeology

Niaz Rasool, Director
Southern Circle
Pakistan Department of
Archaeology and
Museums

Mr. Khurshid Hasan

Acting Director General

Pakistan Department of Archaeology
and Museums

iii

Mr. Mohammad Yahza Wali-ullah
Director

Bureau of Statistics
Government of Sind

Karachi, Pakistan

Atta Bhatti

USAID

Energy & Environment
Islamabad, Pakistan

Hameed Ahmad
Secretary to Government of Sind
Wildlife and Forest Department

T.A. Ansari ,
Chief Conservator of Forests

Syed Rafi Ahmed

Assistant Meteorologist

Regional Meteorological Center
Karachi Airport

Pakistan Meteorological Department

Dr. Walter Auffenberg

Florida State University
University of Florida
Gainesville, Florida 32611 USA



TABLE OF CONTENTS
Section
List of Preparers

Acknowledgements

1.0 INTRODUCTION
1.1 ENVIRONMENTAL ASSESSMENT PURPOSE AND SCOPE

1.2 OBJECTIVES OF THE PROJECT AND GOVERNMENT OF
PAKISTAN

1.3 OVERVIEW OF PROJECT AND STULY AREA

1.4 ENVIRONMENTAL POLICY, REGULATIONS AND PERMIT
REQUIREMENTS

Government of Pakistan
Donor QOrganization

1.4.1
1.4.2

2.0 DESCRIPTION OF PROJECT ALTERNATIVES

2.1 MANAGEMENT ALTERNATIVES

1.1 No-Action Alternative
1.2 Purchases of Required Energy From
Other Sources/Joint Projects

2.
2.

2.1.3 Postponing Unit Requirements, Reactivating
and/or Uppgrading Existing Plants

2.2 ALTERNATIVE PROJECTS
2.3 ALTERNATIVE FUELS
2.4 ALTERNATIVE DESIGNS

Power Block

Water Supply and Treatment
HWastewater Treatment and Disposal
Solid Waste Disposal

Air Emission Controls

&

P

NN NN

&
WS wo e~

2.5 INFRASTRUCTURE ACTIVITIES
2.6 EMPLOYMENT ALTERNATIVES

3.0 DESCRIPTION OF THE AFFECTED_ ENVIRONMENT

3.1 PHYSICAL ENVIRONMENT

iv

i1

1-1
1-1

1-2_

1:3

1-5



TABLE OF CONTENTS

(Continued)

Section Page
3.1.1 Air Resources 3-1-

3.1.1.1 Climatology 3-1

3.1.1.2 Site Meteorology 3.3

3.1.1.3 Existing Air Pollution Sources 3-6

3.1.1.4 Ambient Air Quality 3-13
3.1.1.5 Noise Resources 3-20
3.1.2 Land and Water Resources 3-30
3.1.2.1 Surface Water Resources 3-30-

3.1.2.2 Geology Physiography, Topography 3-51

and Seismicity .

3.1.2.3 Groundwater Resources ' 3.51

3.2 ECOLOGICAL ENVIRONMENT 3-52
3.2.1 Existing Communities 3-52
3.2.1.1 Plant Site 3-52

3.2.1.2 1Indus River : 3-52

3.2.2 Endangered Species 3-56

3.3 SOCIAL, CULTURAL AND INSTITUTIONAL ENVIRONMENT 3-58

3.3.1 Socigeconomic Characteristics . 3-58
3.3.1.1 Plant Site and Area 3-58
3.3.1.2 Demography 3-59
3.3.1.3 Employment and Economy 3-62
3.3.1.4 Transportation 3-63
3.3.1.5 Facilities and Services 3-65

3.3.2 Land Use 3-69
3.3.2.1 Agriculture 3-69
3.3.2.2 Livestock Domestication/Herding 3-71
3.3.2.3 Fishing 3-71
3.3.2.4 Wildlife and Natural Vegetation 3-73

Habitats )
3.3.2.5 Forest Reserve 3-713

3.3.3 (Cultural Resources 3-73
3.3.3.1 Cultural Diversity and Ethnicity 3-73
3.3.3.2 Historical and Archaeological 3-73

Resources



Section

TABLE OF CONTENTS

(Continued)

3.3.4 Existing Guddu ?ro1ecc

3.3.4.1

3.3.4.2

3.3.4.3

Primary and Secondary
Infrastructure Development
Changes in Lifestyle, Cultural
Patterns and Attitudes

Project Needs

4.0 ENVIRONMENTAL IMPACTS_OF THE PROPOSED PROJECT AND

ALTERNATIVES

4,

4,

1

2

PHYSICAL ENVIRONMENT

4.1.1 Alr Quality

4,1.2 Noise

PR SIS P

= e e

[l S S SR

LN D

(oA RO,

General Modeling Analysis
Source. Data

Receptors

Meteorological Data
Building Wake Effects
Results

Resources

4,
4,

ECOLOGICAL

1.
1.

.1

.2
.3

3.
3.

8
9

Water Withdrawals and/or
Consumptive Use

Cooling Water Discharges

Low Volume (Plant) Wastewater
Discharges A
Seasonal Flooding of Indus River
Domastic Wastewater From WAPDA
Colnny

Site Runoff

011 Spill Prevention,
Contaminant and Control
Groundwater Resources

Geology and Seismology

ENVIRONMENT

4.2.1 Vegetation and Wildlife Habitat

4.2,2 Alr Quality Impacts

4.2.2.1
4.2.2.2 Natural Vegetation
4.2.2.3 Agriculture

Wildlife/Endangered Specles

4.2.3 Aquatic Impacts
4.2.3.1 Fisheries
4.2.3.2 Endangered Species

vi

3-78
3-78

4-1



Section

4.3

TABLE OF CONTENTS
(Coutinued)

SOCIAL AND CULTURAL ENVIRONMENT/DEMANDS ON
PRIMARY 2ND SECONDARY INFRASTRUCTURE

4.3.1 Land Use Impacts

4.3.2 Demographic Impact
4.3.2.1 Population Patterns
4.2.2.2 Ewmployment and Economic Patterns

4.3.3 Primary Infrastructure

4.3.4 Secondary Infrastructure

o
(W8]
w
P~

atltural Resources
.5.1 Cultural Patterns and Values
5.2 Historical and Archaeological

Resources

~

1\
L]
e
Bl

[

4.3.6 Transportation System

4.3.7 Occupational Health and Safety
.3.7.1 Occupational and Safety Hazards
and Potentials

4

4.3.8 Industrial Hazard Assessment
4.3.8.1 Rupture of Natural Gas Pipeline
4.3.8.2 Flre Associated with Rupture of
Natural Gas Pipeline
4.3.8.3 Rupture of 0il Storage Tank
4.3.8.4 TFire Associated with 0il
Storage Tanks
Tanker Truck Fire and Explosion
Splll of Toxic Chemical Into
Wastewater Treatment System

4.3,
4.3,

w
[o2 3N &)

ENVIRONMENTAL MITIGATION PLAN_ AND MONITORING

5.

1

PROGRAMS

SECONDARY INFRASTRUCTURE DEVELOPMENT
5.1.1 Health Care
5.1.2 Fducation

5.1.3 Police

5.1.4 Utilities

5.1.5 Transportation

vii

- 4-57

4-57
4-58
4-58
4-58
4-59
4-61
4-62

4-62
4-62

5-1
5-1
5:2
5-2

5-2



Section

tn
v

(@]

REFERENCES

S5.4.0
5.4.7

Do
PR

AFPENDIX A--lLand an.

ATTACHMENT T--puve

ATTACHMENT 171--

;;;;

Al

.. Health

CLANHING

st Tmpact Assessment

Laion

BEST AVAILABLE DOCUMENT

Page
5-2

5-9

5-12



AAQS
ADB
BCM
BOD
Btu
Btu/kW
°C

cc
CDM
CFR
cfs
CITES

cl-
cms
cm/sec
CT
cusec
dBA

EA

EEI
EMP
ENERPLAN
ESSA
ESE
ESP

°F

ft

gal
GEP
GOP
GSP

GT
GTCC
ha
HRSG
ISCLT
ISCST
kcal/kwhr
KBN
KESC
km

k2

kv

kW
1b/10% Bru
Ldn
Leq

m
m3/day
m>/year

UL O

Convend

PREVIATIONS

Yrtandards

R ate!
adana

cor kilowatt

.o dodel

LLLOong

~..lonal Trade of Endangered

FRREINN ¢ 14

L ltute

SLon Plan

P

- Soundness Assessment

.ooand Engineering, Ine.

inLen

Long-term

Shorc-term

. t-hour

“~nlied Sciences, Inc.
© Company

fah zhermal units

uad level

BEST AVAILABLE DOCUMENT



LTS e SUEVTATIONS

m/s

mb
mg/L
MH

MI

ML

mm

MPD
MSL
MT/day
MT/yr
MW
NCCW
NO,
NO,
NWS
PEPA
FM

PMS

Rs Seat
S0y Sullnig oL

SPL Sounn P

TSP cotal su JoLunsates

UNAMAP i Tl cowied todels for Air Pollution
us/cm tar

ug/m3
USAID
USGS
voC
WAPDA wWasor ool
WHO Wonllore

il Development

souservation of Wildlife

. Jrotection Agency

soclety

* international Development

Survey

“aent Authority

BEST AVAILABLE DOCUMENT



[RSIIR S Lo and

M e T,
HE Ol LV

Repulia

Avplicane Swrico.
Guddu oo i

Swamary o
Propran

Sugin

AEHOC
300 M

oohern

Sind Proci

Meteorat 120 Dana o cont the

Robwvre!' Moo oo

Lot ol sing Guddu Units

1-6
1-7
2-3

2-6

2-9

3-7

3-10

- at Guddu Power 3-11

Summary o

ALy Pollantnus cui
Unice

Summayy e
Corny

May 1955

Prodicted iy

Existine sog

Resulus o Susvew oo o

Devolopnan:

Y-

Resul o
Combineu o

- dxisting Guddu Units  3-12

Bxicting Guddu 3-15

e Matter 3-17

«riny Stations;

trations Due to 3-19
©Jevelopment

i at Guddu Power 3-22

. G20/600 MW 3-24

BEST AVAILABLE DOCUMENT



Table

(€8]

.1-11
.1-12

.1-13

.1-15

.1-16

.1-17

.1-18

.1-19

.1-20

.1-21

.1-22

.1-23

.2-1

.2-2

.3-1

Results of Cuddu s - 0 L survey 3-26

SUIMIMAYY LU Cas e Lo Ceedslud
yeyapas ey awa LT ' .. Al N N Lo -
Summary o joral ooc NonLLoa

Summary of

the Indue

Guddu Bavras 0 Uar T oo

Sunnny
Indus 20 on
Bar:

Sumicary o Ghenr
of tho
Cuddu !

Ty

Swmnary of O
and Dioad

19€2 chrow, to 1207

1: at Sukkur 3-31

t Sukkur 3-32

Discharges of 3-35
itream of the

27 {16 years)

ischarges of the  3-36
of the Guddu )

water Elevation 3-37
astream of the
years)

Vater Elevation 3-40

Summary oI Lulisuice o0 00 o Associated 3-41

Potable Voo 7ol

Sunmary of

Saniu:

Summary oiloloos Yool L0 e ey
Qualicy
Summary o) ALl

Downistrag:

world Haua

Watter Oivaria

Summary ol D lie s St D

General ildiirs v . - ooilnddu

Endangoere:

bl - R RS R .
Potentialiy ooseyr. - o

Growth, Densioy ana i SRR
of Pakizton

4 Aszociated 3-44

cric Units)

Canal Water 3-46

ty at Sukkur, 3-48

Shodwpmaio e D arnanional Drinking 3-49

alicy at Guddu 3-53

Study Area 3-55

ALen o “roiocable Species 3-57
oArea

f Population 3-60

BEST AVAILABLE DOCUMENT



"

=~

4

.3-3

.1-1

.1-3

.1-4

.1-6

J1-7

.1-8

.1-9

.1-10

.1-11

J1-12

.1-13

1-14

(38}
oy
Health Cawve Uoild
WAPDA Lo
Major = i o
Opaeracin. o]
Summary of Luoci

Guddu Unica

Alr Poliuran-
Guddu Unise

Compaviic
Meteoro
Require.

v

from Maotcoralogicn!

Multan

Swnmmary o
Dimensions

Compariscn of
Due ot
Operatin: it
Simple Cyoli Mosde

Predicred Marioum s
Due to ! yo D

Power o
Twpical
300 M

Levels

Vorld s

Priovity iellatan::

Sources

Propyic
Contain’

Boller Blowiovn Chorc

Summary ol L
Flood ¥lovs .
River

S

cuasenold Size
19¢0-81

soced Guddu Units

¢ Yroposed

2w Proposed

At Rohri and

iuilding

o
S

czions

neencrations

5 at Guddu

siaced with the

v Waste Stream

cower Plants and

H

sis of Peak
the Indus

BEST AVAILABLE DOCUMENT

Fage

3-61

3-68

4-3
4-5

46

4-7

4-10

4-13

4-14

4-16

4-25

4-3Q

4-37

4-38

4.39

4-43



Page

tyor

Summary of Lop-Peav.on - Analysis of 4-44
Peak Ilood 7' o wotions of the
Indus (ivey Dewnsoos ... darrage

Predicua:
and N7
Complex

ntrations of 8§09 4-50
.rele Power

Lowest
Vegetaud

Seses Ueocuel s o Yoct Natural 4-52

Lowest SC» Doses o oo .. ©...set Crops 4-54

Lowest i

to AL

sorted . 4-56

Residenzial 4-60

Conustrucois

Counceptual &
Pond Svziron

vater ron

< nmulrnavivae/Maturation 5-10
U onticipated Waste-
0 Cuddua

“or the Guddu 5-13

BEST AVAILABLE DOCUMENT



Figure
1.

2

4,

4,

4,

3-1

La-l

.1-1

.1-4

.1-5

.1-6

.1-7

.3-1

.1-1

1-2

.1-3

.1-4

1-5

1-6

.1-7

LIS o0 chel

Site Location i

Location of
at the Cuddu

0N

“roposed racilities 2-5

Metearclopica® 701 i of Guddu Site and 3-4
Pakistan Sor i ol

Wind Bavs o

Heteorolerio:

Location of ki,
Emission Sour

Estimated 2a:

Indus River Disclor, .,

Maxdimum Pue

Concentra

Maxinmun

Concentras

Mase s cpnm et
Maxingun ™ Gaidian !

Concennration:, or

Maxiaram Prebablo oo

Concentracions

ad 1987 3.8

sroposed Alr 3-14

ioise Levels (dBA), 3-28

swise Levels (dBA), 3-29

w.cil 1987 - March 1988 3-34

©11 1987 - March 1988 3-39

3-70

n.o I-hour Average SOo 4-18

arage 09 4-19

2or ALl Sources

4-20

ciage NOo
or All Sources

ge 0o 4-21
v 21l Sources .

cviecage KOg 4-22

All Sources

ol the Proposed 4f27

4-28

Levels (dBA)
wpanslon, Guddu

BEST AVAILABLE DOCUMENT



5.3-1

5.3-3

Predicoed Futus.
with Prsposcsd 20

Power Developna.ai

Pradicted Ly ooioe

GTCC Eupansicuy,
Barrier

... %) HNoise Levels (dBA) 4-29
©LI3C Ewpansion, Guddu

N

. willh ol the Proposed 5-4

slse Levels (dBA) 5-5
cousion, with Noise

win with Proposed 300 5-6

e Barvier

BEST AVAILABLE DOCUMENT



88015-ESSA, 1/1
06/10/88

1.0 INTRODUCTION
1.1  ENVIRONMENTAL ASSESSLNGY o Lo SCOPE
This documenc, titled "Suvic o oo . . Social Soundness Assessment (ESSA)

Guddu Power Plantc o rides a discussion of the

significant onviren artoroe ~iizts, as well as proposed mitigative
measures, for a ZUJ W coubin .0 oo sy plant expansion project proposed

v tncdus River, Sind Province,

to be located noar the o

Pakistan. The cwpansion proloo - -0 L ons replicating one-half of a
600 MJ corbined eycle planc oo v, .o ccion at the site. The 600 MW

. , . N
facility is funded by i Uni - o o ¢ o eaey for International Development

(USAID) and the asian Beveler:io @+ w1 £3) for the purpose of assisting

the Government of Pakiscan (V00 . cveloning needed electric power

generating capacitcr. T GUro o o rwnsible for electric supply 1s the
Water and Power Devoloncens o RO I The purpose of this
document is to provide renvenoitot.. o oo che host country and donor

significant impacts of the

organizations a clear underso:
project to the natural and huewor oo fosoeunt, as well as the project's

benefits in supplving the wecsna - lecivical energy for Pakistan. The

ESSA includes an cvnlunrlon of L0 - 2lo 5 or mitigative measures which

would avoid cr winioiz. oear . “. < ¢nhance the quality of the
environment, so tnhn. e oenoer oL L of development objectives can be
weighed against an. advevse lnoa s oo human environment, or any

irreversible or irvetriowvable coo. wUoof resources.

From this evaluation, woriterin: o o wure developed to assess the
project's impacts and o proviio o oo olinisa ror managing environmental

effects as they occur., 1 “tig programs will provide the basis for

WAPDA, the private zecrtor, and ;i len to implement an environmental

program for the proicar,

KBN Enginecring and apnliod Solenc... {KBN), under subcontract to Gibbs

& HIll, Inc., prepared the 5000 5o 0 arec with the construction and
operation of the propoced 30C X4 o Lo sa the existing power plant

coinple:x,

BEST AVAILABLE DOCUMENT
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Gibbs & Hill provided technical
Pakistan. Overall direction of the 5S4 preparation was performed by
USAID.

'

Preparation of rthe Envivommencat a0 soo Soundness Assessment followed

the procedures of:

1. The Goverument of Palisca: 00P Environmental Policy and
FRepulations {(Crdinance X5, ".Vil of 1983 and Environmental Pro
forma),

2. The United ~oornational Development (USAID)

(PD-6, 22CFR216), and

Environme::

3. The enviroume: ; or che World Bank and Asian

Development il (4D,

The preparation of the ESSA invol- ) o astailed assessment of a project and

an evaluation of & cnives . T ~suitn of this work are presented in

five major scctiong tids section (1.0) provides an

overview of the jroject which vas ted during the course of ESSA

preparation.

ical, and social environments

A detailed descri, of the phusis o Liolo
affecced by the projects is preooo o 1 seetion 2.0, Section 4.0 presents

the detailed avaiveis or envicons .. o cpacts and Section 5.0 presents

proposed mitipation plons,

The index for the 70 Bavdron-on 2a for the Project is presented

as Attachment i. . iuncnnent 17 oo oius sne record of the scoping session
for the projecn wiic: vl helo Lo ucel 1688, During this scoping
session, a brict overviov or a0 Lo Lo Lne £SSA was presented and a

dialogue establicied o tle Lor arl . of interest by attendees.

1.2 OBJECTIVES OF THE P20JECT - 2B 00 COVERNMENT OF PAKISTAN

The shortage of cicotric nouver in wr most serious obstacles to the
economic and soci.l devilopmont sl oo Uavan. Under the range of current and

BEST AVAILABLE DOCUMENT



88015-ESSA.1/3
08/29/88

potential electrical encrgy dewae ot 300 MW/year in new thermal

generating capacity will he .

votnotne early 1990s to assist in

alleviating this shova. o an vl o cuoviading for future energy needs. In

y -

the latest power ool vans om0 P 120), eight major areas of

N T

actions are specifi.

L. Electrificavion ol »o v 1 :50,700) of the villages in Pakistan
by June 1voi:

2. Complete ¢linmi

foedding by January 1990;

3. Addition of 2.0 nc oo - vavion by December 1989 and 11,198 MW
by Decembur ool

4. Addition ol ureus L. o . o-kilovolt (kV) and 220-kv

transmissicn Zinuas oo It

5. Implementacvinn of 1ol woos emens and tariff rationalization
measures;

6. Continuation of clesvsins’ os soduction program;

7. A toral dnmvestnronu culon wo.oaning Kalabagh project) of about

Pakistan rupecs (Rod D00 05 (ion 5w 1991 and

=8

8. To ensure a self-financin, snti~ of 40 percent, a suiltable annual

increase in average onoves i vrice in future years.

The Guddu Expansion Proicct nan e svorused as one facet of this

comprehensive cunoeriy oo Yo woovovide the needed generation.

1.3 GVERVIEW OF IPROJECT AND S7ULY 40 “
The Guddu expansion pre’cet w900 ot is0 af a 300 MW combined cycle facility
consisting of the follong cooonr: s 0 twg 100 MW gas turbine electric
generators, Uwo hital ioovers Lluio werators and one 100 MW steam turbine-
electric genvrators, ol aoen. L .out.  The project will be located
in the Jacebalud dlvv. o 1L .. .. Province (Figure 1.3-1) at the

existing Guddu pover plant aoo.lon. ~mlsting plant consists of a 640 MW

steam electvic st ion .o Lad MW ounits and two 210 MW units.

The existing 90U M0 corbined cviv o o well as the expansion, is fuelad
with natural pas with dicoel U0 0 w0 . o ving oas interruptions. Natural gas

2 D

is supplied by piselin.

S e e davi and Kandhkot gas fields,

BEST AVAILABLE DOCUMENT
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1.4 ENVIRONMENTAL POLTCY, RETUTC

1.4.1 Government of_

With the promulgation ot

has initiated the mochani

and developing and cufvrein ot

Policy and standards nprvouvd

Council, whereas suaniiar

eavironmental prograns, ave il

Affairs Division o o i
project, GOP requi B .
Environmental Yro fores (ol
environmental standiards Have oo,
have been proposed thur would

atmosphere and water.

Additionally, GOP uandl the Sind Cower o

vy

governing antiquitiuvs,

sanctuaries, game rescrves

; $ o e

P R S

gL allon
&

The major envivon:

Table 1.4-1.

~

1.4.2 Donor oOr 5
Multilateral develorp L

have established procednres o L.

impacts and the adequacy ol polincios

(i.e., environmentsa:

both the natural ard b wivic ..

workers. The Guddu cnvooio

evaluate, based cu profoou-ue o0 o
established by the
are used by USALID whore
standards. As a result, the Carll
To4-7 far

summarized in Table

the project.
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oanb PERMIT REQUIREMENTS

vironmental Ordinance of 1983, GOP

walting national environmental policy
w.vironmental quality standards.

rusciew of the Paklstan Environmental.

cotwnd enfercement, as well as ocher

b the Environmental and Urban

and Works. For the Guddu

an ESSA via the requirement for an
SUNT of 1983). Currently{ no

ol by GOP; however, draft standards

thir discharge of pollutants into the

wniohave established legislation

wwics, national parks, wildlife

Jyoand o wateX management,

~a¢ regulations are presented in

oas

the World Bank and ADB,
s.uncion of potential environmental

ol neasures of financed projects

«waluations are concerned with
well as the health and safety of
be required to consider and
Znvironmental Guidelines

-~ iny countries. These guidelines

has adopted no environmental

Snvivonmental Guidelines which are

“lansy ave considered appropriate for
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Table 1.4-1.

Major Environmental i

tatlion and Regulations for Pakistan

Type authoricy
Comprehensi-re Ordinance
Environmental o, BNV
Protection of 1937

Protection of
Antiquities

Water
Resources

Wildlife

Wildlife

Forests

Act o, VI

of 1977

Sind frri-
pation Act
OL 1379

T S
Weat

Palk LN

Wildlive
Protectic::
Ordinaace

of 195%

Sind
Wildlife
Protection
Ordinance

Forest Act
of 1627
No. XVI

f.:,;sI‘AC}’

Requirements

sorivounental and
Lrhnn sltfairs Div,
of Housing

7 oL Culture,
siogy, Sports,
. wrisny; Dept.
Creaavology

corrarnpant of Sind,
Iravion and
Forer Uepartment

sloleal Survey;
. Council for
Lrsvltlion of
Toll i Mindstry
[T nn:‘(ulcure

Covernmenc
‘J, ini C”ry
ildlife,

Environmental Pro forma

Provides protection and
prestrvation of histor-
ically and archaeologi:
cally important sites

Management of water
resources

Granting of water use
from Indus River

Promote conservation
and establish limits
on hunting

Promote conservation
and limit hunting

Protection; regulation
of exploitation of
forests .

BEST AVAILABLE DOCUMENT



Table 1.4-2. Applicable Enviremwoutal Cuidelines for Guddu Power Plant
Expansion

Environmental
Resource Critaria
Alr Emissions:

1. S0p--454 i1/g

v ({500 tons/day)
2. Pavticulate--.00

app/m” of exhaust gas

Amblenn Dullliv
L. 809--169 v~ nnual average
2. Pavticulac o oo ng/mf annual geometric mean
Lo /w? maximum 24 -hour average
wanl average

<avia, but general restrictions on
~oiwoand welfare

Water and Land

Noise Nolse levels (eoci g
of public heals : 1

Bank Envivona.

rage) required for protection
» fare recommended in the World
sedelines (July 1984)

Social and Secondary
Cultural shall b
be mit

= to the general population
impacts to tribal people shall

Occupational “oniel Health and Safety Guidelines
no Cenn, wnd Fuel 0il; TLVs by American

et el sl ntal Industrial Hygienists

Finalized criceria w«:

o tlun woordination between USAID,
WAPDA and the World ’ L

oaental Affairs.,

Notes: S09 = Suliur Jdicwid
MT/day = lctriz tons e
ug/m? = Microyrans I
NO,, = Nitvomen
lb/lOG Bru ~ Powssls por miillon bricish thermal units,
NOg = Hitraprn diemide.

L ler,

Sources: World Baul, jvida,
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Bilateral funding organizations, i as USAID, have established policies
for evaluating che environment.al srioeguences of funded projects. For
USAID, environmental policics have oon included as part of promulgated
environmental procedures (27 Iods oo Saoral Repulations (CFR) Part f16; S
216.1(b)) and in aun ofricicl Uil oorewdy determination on Environmental and
Natural Resource Aupecos of Develoo oo suslistance (PD-6, April 26, 1983).
An ESSA, which is o demailec sowls prientially significant environmental
and social impacts, most foowcerae Lo coot ol certain USAID-funded
projects. The purpene of the Fosa e noo

1. Ensure that cnviron sinal “ooacts are identified and considered

prior to o Yinal decizion oo e iappropriate safeguards are

adopted; .

2. Assist the host gove in daveloping cffective environmental

prograus;

3. Identify iupacts to chv not znd human environment; and

Lilag Juctors for the project,

4. Define cnvir

The ESSA must alsco includs oo o o the soclal soundness of the

project following the puid:lines in -hn -oAID Handbook 3, Appendix 3F,

"Social Soundness Anilveis. Thls Liiiivnis procedure requires:

1. Evaluation e oolol oouloe. ... aenpatibilicy;

2. Assessment on b e s e rodiect to other groups not

3. Evaluation of e socinl Loty and impacts of the primary and"

secordary ponulazion,

L BEST AVAILABLE DOCUMENT
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2.0 DESCRIPTION OF PROJECT ALITR
2.1 MANAGEMENT ALTERNATIVES
2.1.1 No-Action Al =ovrsamion

Pakistan has an inscalled conoclizy of about 2,900-MW hydro-power generation
and over 3,500-MW {inciudin: “arash! Zleecric Supply Company (KESC)]
thermal-power jpencracion WAsin U7 . This capacity is insufficient to

Jiln Lan occurred.  To meet this existing

meet current dem

snezgy need and alloviate laso siolin wich associated socioeconomic

impacts, as well us provias ;oo e, ~mand, Pakistan is projected to need

approximately 800 W ol wnow wopaciin sl vear until the turn of the

#ld worsen the current shortage of

century. The "no-proiccc®

electrical enerpy wud resals .. siooilenat social/economic impacts,

2.1.2 Purchases =¥ Domaiv _ther Sources/Joint Projects

WAPDA and KESC ave ohe oo or il oo .oirical suppliers in Pakistan (WAPDA,

1986). KESC serves Zarachi Oive ano varruunding areas and WAPDA serves the

@I power from one system to the

rest. of the country. Linized

other are possible threush o Coulle cipouic 220.%V transmission system

linking Karachi wich che SVtiee.oowveral projects, including the KESC

projects, are curvently Inelwlos L soneraticn plan; however, the

proposed gas and oll-Iirve pooico: ~andlag the Guddu expansion project,

o o 1)

are insufficient to olimiran. b 5oL o0 addicional generation,

Ener conservation would proeduce Louolics; however, in itself ener
IS 3

conservation would noz lover douand :iently to eliminate the need for

additional gencration,

2.1.3 Postponing Hnit Rerirem e, dencuivating, and/or Upgrading Existing

Plants

i ottt substa intially increase electrical

Postponing unit rez:
supply. Rehabilitation orf olde: planiy is currently a part of WAPDA's
expansion program (WAIDA, 1984). Nino wiits from seven ¢xisting generating

Quetta, Shahdara, and Kotri)

stations (Multan, Falsalabad.

are scheduled for upgrales with an a-oervice rchabilitation date of about

2ol BEST AVAILABLE DOCUMENT
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June 1989; however, au iIncreasc of abouz 126 MW is anticipated from these

upgrades.

The proposed size of the Guddu expansion, i.e., 300 MW, is optimum for
comoustion turbines and heat vecover. steam generators (HRSGs) selected for

the project. A smaller coubinc

d cycrs plant would not be practical based on
an optimum size configuracicn of 2 . 100 MW gas turbines and 1 x 100 MW

HRSG. In addition, this cort = oyrs=iae .- benetits of replication, i e.,

same spare parts, operation .und malincensnce procedures, training
requirements, ectc., of tii eilsring CUU W plant,

2.2 ALTERNATIVE PROJECTS

The current electrical seneravien vica {os Pakistan (WAPDA, 1986) 1includes
provisions for a varvicty of ~ncrati oo srulects including hydro, steam, and
combustion turbine combined-cvale goioration (see Table 2.2-1). A number of

these projects have been conmitied .. vl in some cases initiated or

already completed). Generatioe studlos oonsored by USAID and coordinated

with WAPDA have idencg the weva Dow additional baseload capacity to neet
1991-1993 demand. Viable aluvesaotio o f9e inercased power generation
inciuade plants fived wich i o £, douestic coal, imported coal, or

imported oil; thevefere, uli

¢ ;w5 el plants are included in the

generation plan.

2.3 ALTERNATIVE FUELS "
The primary fuel is natural gas lth nigh speed distillate (HSD) oil used as
a backup fuel. Fuel oil will bea bLur..o only during periods when natural gas

is curtailed which usuall; occurs durlng December and January. From '

economic, engincering and enviramm:

desirable.

serspectives, this fuel strategy is

Using domestic natural gas in weanonioal iy preferable to using imported oil.
Also, because of lower ash countonts o0 aetural £as, maintenance costs will
be reduced. This advantage how onpincering benefits by potentially reducing

unit outages. Emissions of poccicula. matter, sulfur dioxide and nitrogen

oxides are all lower on sarural sas, et owith HSD fuel oil, emissions are

GEST SLACLE DOCUMENT
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Table 2.2-1. Summary of Pakisvan's Zower Generation Program
(after Apvil 1986)

Stacidn/Projepc Unit Tutal Capacicy
Designation Numbers (MW) In Service Dates

Kot Addu CT V-2 °00 From Nov 86 to Feb 89
cC 9-10 200 Jun 89

Guddu CC 5,6 200 Dec 87 and Jan 88

Jamshoro Imporced 1-6 1,570 From Dec 88 to Dec 93

0il :

KESC Steam D-3,D-4,D-5 520 From Feb 89 to Dec 89

Mangla 9 & 10 200 Sep 89 | |

Undesignated CT 1,2 200 Dec 89

farbela 11-17 2,928 From Jan 90 to Dec 95

Faisalabad CC 9 & 10 80"~ Feb 90

Kotri GC 7 &8 40 Feb 30

Multan 1-3 630 _ From Oct 90 to Oct 91

Lowhead Hydro + 420 From Dec 90 to Dec 92

Lakhra Coal 1 &2 600 From Mar 92 to Dec 92

Undesignated 1-3 1,200 From Dec 93 to Dec 95

Imported Coal -
Kalabagh 1-5 1,500 From Sep 94 to Sep 95
*

CT = combustion turbine; CC = combined cycle.
+ Chashma, Taunsa, and Jirnah.

Source: WAPDA, 1986.
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substantially lower than residual oii or coal. In addition, the ability to
use HSD fuel oil provides operation:. flexibility to supply electrical s

energy during periods of natural zas curtailment.

2.4 ALTERNATIVE DESIGNS

2.4.1 Power Block

The expansion project will consist oo owe combined cycle units. Each unit
will consist of 2-100 MW simple cvei- combustion turbines followed by an

HRSG and 100 MW steam cleociric detecetns. Both simple cycle (1.e., only the

combustion turbine) and cowmbine: ¢vele vireration are possible.  This
equipment is an optimal power oloch cufizuration since the exhaust gas
energy from the combustion turbines i patched with the HRSG/stdam electric

generator output.

T

The existing Guddu plant compiox aluo nas four steam electric units of

various designs. leat ratoes for choon s v.cycle units are reported to

range from 2,100 Kcal/fwhr (2,575 1z) for the 100 MW Czechoslovakian

units to 2,338 Kcal/kwhr (9,275 STV wwne) for the 210 MW Russian and Chinese
units. Under combired cycic ap thic heat rate for the proposed units
is 1,850 Kcal/kwhr (7,341 57U/

Czechoslovakian units and 20.%% lawe: *it.-n Che Rissian/Chinese units. This

wich is 12.3% lower than the

better heat rate for the o hlock configuration is a preferred

Z
L
-

alternative design for the fooi Vigure 2.4-1 presents the Guddu site

with the existing and addivions for ol yroposed combined cycle plant,

2.4.2 Water Supply and Treatman-

Water uses in the proposcd 200 M4 coniined cycle expansion include
once-through condenser cooling wutur, cocling tower makeup, plant service
water and potable water, Esclmacog o anticipated water uses for the
proposed 300 MW expansion arc presenced in Table 2.4-1.

Proposed water supply and treatment svescoms For the 360 MW expansion will be

very similar (if not identiecal) in function and process to the existing
systems for the water supply and trearmont ror the existing 450 MW combined

cycle units; the size of the waves sarnly and treatment system will be

BEST AVAILABLE DOCUMENTY
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Table 2.4-1. Summary of Anticipate.d Ilndustrial and Associated Potable
« combined Cycle Expansion.

Water Use for chwe 200 M

roctinmum Wacter Use

Water Use (mb/min) (gal/min)

ONCE THROUGH CCOLING OPERATIONAL SCINARID

Circulating Cooling Water 453.0 121,000
GT Cooling Water Pump 22.7 6,000
Plant Service Water 13.2 3,500
Subtotal - Industrial Uses 493.9 130,500
Plant and Colony Potable Water 0.6 150
Total Existing Station Water

Demand - Once Thru Operations 4945 130,650
COOLING TOWER OPERATIONAL SCENARIO

Cooling Towver Makeup 6.9 1,815
GT Cooling Water Pump 22.7 6,000
Plant Service Water 13.2 3,500
Subtotal - Industrial Uses 42.8 11,315
Plant and Colony Potable Water 0.6 150
Total Existing Station Water

Demand - Cooling Tower Operations 43.4 11,465
Note: 1. Cooling tower makeup wolum. calcualted as 1.5%
of the total circulating r {low.

2. Additional potable demand oo
demand.

tlwated to be 10 % of existing

BEST AVAILABLE DOCUMENT
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adjusted to reflect the smaller generation capacity of the proposed 300 MW

expansion,

The primary supply source for condunscr coolinpg water, plant service water

and potable water for the proposed Ido M expansion will be the Indus River
via the B.S. Feeder Canal. Enictions .ad vroposed water supply facilities

are shown in Figure 2.4-1. 7The prooceed water supply facilities will use

the existing B.S. Fecder Canal for sarply from the Indus River; the water
supply facilities for the existing +o.aw and GT/HRSG units are also located
on the B.S. Feeder Canal. In poror.., cho proposed water supply intake
facilities are in the immediate vielvits of those associated with the
existing steam and GT/HRSG units a.w cviteutially will impact the' same areas

and resources,

The primary water demand for the corbined cycle operation is condenser

cooling. To satisfy this demand and to winimize the reglonal water supply
impacts during low flow conditicus, rho proposed expansion will have and

utilize facilities for hoth once- » and cooling tower operation.

During the preponderance of the yoar, vnee-through condenser cooling water
will be withdrawn from the Indus Riv.: (via the B.S. Feeder Canal) upstream
of the Guddu Barrape, used for once-hrough condenser cooling, and

discharged downstream of the Guddu Liry

During critical low flow periods, cos.oing towers will be utilized for
condenser cooling. As noted in Tablc 2.4-1, the use of cooling towers for
condenser cooling reduces the cooling water demand by 99% and the total
water demand by approximately 9213,

An alternative water supply source Zuv ccoling tower makeup is shallow
groundvater. llowever, this is 2 lovs preferable alternztive as previous

that the shallow groundwater is of

experiences at the site have demonsrtia:
lower quality (i.e., more minerclin <’ and more corrosive than the Indus

River.
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Other water demands (e.g., plant scrvice, potable, GT cooling) will be

structures to be located on the

supplied from the Indus River (via
B.S. Feeder Canal). Because of th. highly mineralized and corrosive nature
of the groundwater systems, uce of shallow groundwaters for these water

demands is not a feasible al

;v will receive treatment before use.

Plant service water and potable wos

Treatment units include: clarific.tion (sedimentation) for suspended

N

sediment removal; pressure filtra for additional sediment and turbidity

removal; and, for boiler fucid/mak.un water, ion exchange demineralization.

)

2.4.3 Wastewater Troatment and 7o)

Major wastewater sources for the proposed 300 MW expansion include heated
once-through condenser cooling wete., cooling tower blowdown, plant low
volume wastes, and additional Saultary wastes. Power plant low volume
wastes include floor drain wasten, Poiler blowdown, softener regeneration
brines, filter backwash, and clarificr sludges. Estimates of anticipated
wastewater volumes for the preposned

Table 2.4-2.

(50 MY expansion are presented in

The proposed wastewater treatment ... dinposal systems for the 300 MW

expansion will be very similar (if .z identical) in function and process to

the existing systems for the wastew.i.r treatment and disposal for the
existing 450 MW combined cvele uni-u: tne size of the wastewater treatment

and disposal systems will be adius. ... to reflect the smaller generacion
capacity of the proposed 300 XU cur ssicn, Existing and proposed wastewater
disposal facilities wnd outfali l...:isn. are shown in Figure 2.4-1. The
proposed wastewater disposal cuti.). locations will use the existing:
circulating water discharge canal - . rructed as part of the existing steam
and GT/HRSG units) to convey Luat.. clroulating water and treated wastewater
to the Indus River. In geneval, ti.- proposed wastewater disposal outfall
locations are in the immediate vicinity of those associated with the

existing steam and GI/HRSG units aund potentially will impact the same areas

and resources.
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Table 2.4-2. Summary of Anticipated Industrial and Associated Sanitary

Wastewater Discharpes for the 300 MW Combined Cycle Expansion.

irmum Wastewater Discharge
Water Use ’ (gal/min)

ONCE THROUGH COOLING OPERATIONAL ¢

Once-Through Circulating

Cooling Water Discharge 453.0 121,000
Low Volume Wastes 10.0 1,750
Subtotal - Industrial

Discharges 468 ‘ 122,750
Plant and Colony

Sanitary Wastewater v 0.4 99
Total Existing Station Wastewater —

Discharge with Once Through

Cooling Operations 468.4 122,849
COOLING TOWER OPERATIONAL SCENARIO

Cooling Tower Blowdown l.4 363
Low Voluwme Wastes 10.0 . 1,750
Subtotal - Industrial :

Discharges 11.4 2,113
Plant and Colony

Sanitary Wastewater 0.4 99
Total Existing Station Wastew:ter

Discharge with Cooling

Tower Operations 11.7 2,212
Note: 1. Low volume wastes estimated as 50% of the total

plant service water
2. Colony wastewater estimated us 66% of the total
colony and plant potable water,
3. Cooling tower blowdown caloulated based on 5 cycles

-1 volume equals 25% of tower
ore, blowdown volume will be 20%

of concentration and blo-
evaporative losses; theru:
of tower makeup volume.
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0
8
The major wastewater volume for the combined cycle operation is condenser
cooling. To minimize water quality impacts during low flow conditions, the

proposed expansion will have and ucvilize facilities for both once-through

and cooling tower operation. Duri the preponderance of the year,

2

once-through condenser cooling watver will he discharpged (via a discharge

I
ditech) to the Indus River downstri.m of the Cuddu Barrage.

During critical low flow pericds, cooling towers will be utilized for
condenser cooling. As noted in V.nle 2.4-2, the use of cooling towers for
condenser cooling reduces the tol .. cooling water discharge by
approximately 905 The pldwesn divdlacve for cooling tower blowdown would

be to the circulating water diten ieading to the Indus River downstream of

the Guddu Barrage.

Alternatively, once-through condersur cooling water or cogling tower
blowdown will be discharged back in:s the B.S. Feeder Canal (see

Figure 2.4-1). The existing 430 MW conbined cycle unit utilized such a

.
]

return system. However, relativel swall size and volume of the B.S. Feeder
Canal and the location of this vrvu.ra discharge with respect to the
circulating water intake resulus in “short-circuiting" or entrainment of the

heated discharge waters into the <2 system, Thus, for the once through
4 Y ’ 14

cooling system, this entrainmen: o7 heated waters compromises the usefulness
of this return system. However, ror cooling tower blowdown (a substantially
smaller wastewater volume), such . veturn/reuse system could allow reuse of
certain plant wastewaters and uriin i reduce the water supply demands during

low flow conditions.

The proposed 300 MW cxpansion will incorporate a treatment basin to:treat

2. This basin will treat low volume

o

low volume wastes prior o discha

wastes by: sedimentation; flow equalization; and mixing and dilution. This
treatment will effectively raduce the pollutant concentration of any '
{ndividual waste stream. Treated low volume wastes will be discharged at
circulating water discharge outfall aud allowed to mix with circulating

water discharge or cooling tower Llowdown.

2-10 s ST AVAILABLE DOCUMENT
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2.4.4 Solid Waste Disposal

Given that the proposed expansion will be fired by natural gas and/or fuel
oil, operation of the proposed power plant will generate relatively small
volume of solid waste for disposal. Any solid wastes generated as part of
power plant construction or operation will be disposed of Iin on-site land

fill and disposal areas.

2.4.5 Alr ¥ sion Controls
The emissions from the preoposed combined cycle units will consist of N

particulate matter (PM), sulfur dioxide (505), nitrogen oxides (NO,), carbon
monoxide (CO) and volatile organic compounds (VOCs); (refer to Section
4.1.1.2 for more detail). Since natural gas is the prima§y fuel, emissions
of PM and S0, will be extremely lcw. Indeed, PM and S0, emissions will be
much less than 1% of the emissious juidelines listed in Table 1.4-2 when
natural gas is fired. Even under ¢il firing the maximum PM emissions will
be about 3 mg/m3 of exhaust gases compared: to 100 mg/m3 listed as the
guldeline; S0, emissions will be less than 25 MT/day compared to the
guldeline of 454 MT/day.

While no emission guidelines exist for CO and VOCs, emissions of these
pollutants will be controlled through good combustion techniques, i1.,e., the

best technology available for these pollutants,

Emission of NO, under both natural gas and HSD fuel oil firing will be 0.66
1b/10% BTU for natural gas firing and 1.19 1b/105 BTU for oil firing.

NO, emissions from combustion turbines are formed by the combination of
nitrogen and oxygen in the combustion air, referred to as "thermal No,," and
from the combination of nitrogen in the fuel with oxygen in the combustion
air, referred to as "fuel-bound RIC Thermal NO, can be reduced by four

techniques (USEPA, 1977;:

1. Reduce the combustion pressure;
2. Decrease the peak flame temperature in the combustor;
3. Reduce the effective residence time during which combustion gases

remain at elevated temperature; and
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4, Control of the amounts of nitrogen and oxygen available for

production of NO,.

For large combustion turbines, i.e., greater than 10 MW, the primary control
technique involves water or steam injection to reduce NO, emissions. While
this technique has proven effective in the U.S., there are considerable
drawbacks for using it for the Guddu c¢xpansion project. First, increased

consumptive water use wiil occur. For the size of the project being

considered, about 1.3 m3/min (320 pallons/minute) will be required to reduce

emissions about 50%., This cons : use will be about two times that

estimated to be required for potablc purposes. Second, the water (or steam)
injected into the turbine must be demineralized. This will create
substantial increases in capital custs for the water treatment facility and
generate considerably more wastewuters (i.e., resin regenerative
‘waSCewaters). Third, the heat rote for the project will increase, i.e.,
lower thermal efficiency, and require more..fuel per kwhr generated, When
these factors are considered alon: with the low environmental impacts (see
subsection 4.1.1.6), the use of wwter (or steam) injection is not considered

an appropriate alternative for thu project.

2.5 INFRASTRUCTURE ALTERNATIVES

The existing Guddu power plant workers' colony has been designed and built
by WAPDA, based on WAPDA's standard practices and procedures for layout and
construction of such colonies. The expansion project will also follow the

same practices and procedures.

The existing power plant worlkers' colony includes provisions for:
1. Housing;
2. Utilities, including potable water, electricity, sewage disposal,
and municipal refuse;
Primary and secondary education facilities:
Mosque;
Recreational facilities:

Fire and police protection;

~NOY W

Stores;
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8. Training facilities;
9. Transportation;

10, Medical facilities;
11. Telecommunications;
12, Bank;

13. Post Office; and

14, Shopping Center

Some expansion of this existing colony will be required. While the
expansion project will cause some direct impacts to cultural resources of
the area they are not considered significant relative to the existing

development at the site.

Secondary infrastructure development has occurred extensively at the site

and will continue with the expansion projects.

2.6 EMPLOYMENT ALTERNATIVES

The conﬁtruction and operation of the expansion project will require skilled
and unskilled workers. Construction of the project will require about 1200
personnel, a majority of these will come from the existing construction
activities at the site. Operation of the power plant would also require

about 200 employees with a similar uuaber of colony personnel.

During the construction and operation, most management and technical "
advisors would likely be available from the existing colony staff. Skilled
construction workers would likely be existing personnel used on the existing
600 MW combined cycle facility, whevcas any unskilled workers needed would
come from the existing contingent or rural District population. It ‘is

WAPDA's policy to hire all local people for positions through Grade 16.
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3.0 DESCRIPTION OF THE AFFECTED ENVIRONMENT
3.1 PHYSICAL ENVIRONMENT

3.1.1 Air Resources

3.1.1.1 Climatology

Pakistan is oriented in a gencral southwest to northeast direction,
extending from 24 to 37 degrees north (°N) latitude and 60 to 77 degrees
east (°E) longitude. Pakistan lies on the western boundary of the monsoon
region, which is one of the major climate regions of the earth. This
climate region extends from Pakistan to Japan and northern Australia in the_
east. The word monsoon is derived from an Arabic word meaning "season"; in
meteorology it has come to be associated with prevailing winds and wet or
dry weather which reverse with the seasons. Generally, monsoon is used to
describe wind systems where the scasonal reversal is pronounced and exceeds
a minimum number of degrees. For c:ample, Nieuwolt (1977) has defined a
monsoon as a system which shares a scasonal change of wind direction of at
least 120 degrees, and both winds must have-a constancy higher than 40

percent and mean resultant speed of more than 3 meters per second (m/s).

In Pakistan, the winds are gencrally from a northerly direction in winter
and from the southwest in summer. The causes of the reversal of the wind
system are related to the large sizc of the Asian continent and adjacent

oceans and the very high and extensive mountain ranges of the continent.

These ranges are oriented in an cast-west direction and form a barrier

between tropical and polar air masses.

The climate of Pakistan is more continental than that of other parts of the
Indian subcontinent which come under a more typical monsoon regime. The
summer monsoon brings maritime influences and rain, but the strength of the
winds fluctuates on an annual basis. Cyclones in the monsoon season cause
significant rainfall, but their frequency is variable. Rainfall throughout
Pakistan is minimal because the rainfall occurs coincidentally with high
temperatures, and the majority of rainfall evaporates, causing extremely

arid conditions.
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Pakistan has four well-defined seasons, similar to the remainder of the
subcontinent, with variations in their duration. ‘ The description and
duration of the seasons are:

1. Cold Weather Season: mid-December through March,

2. Hot Weather Season: April through June,

3. Monsoon Season: July through September, and )

4. Post-Monsoon Season: October through mid-December.
The cold weather season is characterized by high barometric pressurg\[e.g.;\
mean monthly pressure greater than 1,015 millibar (mb)], relatively low
temperatures, and low amounts of precipitation. The mean monthly
temperature varies from below 4 degrees Celsius (°C) [40 depreés Fahrenheit
(°F)] in the mountain areas, to approximately 10°C (50°F) north of the plain
area and to approximately 18°C (65°F) in the south. Rainfall during this
season increases northward and westward, with 25 millimeters (mm) (1 inch)
or less in the middle and lower Indus Plain; 76 to 127 mm (3 to 5 inches) in
the upper Indus Plain, and 250 mm (1C inches) or more in the north and

northwest,

The hot weather season is characterized by high temperatures and low
rainfall amounts. The mean maximum daily temperature varies from 40 to 46°C
(104 to 115°F). The highect temperatures have been recorded in the south
and southwestern parts of Pakistan. Rainfall amounts are low, varying from
approximately 25 to 76 mm (1 to 3 inches) over the plains to approximately
102 to 127 mm (4 to 5 inches) in the mountainous areas. The rainfall is
associated with western disturbances whicn oceur in more northerly
latitudes, causing thunderstorms over the hills and widespread dust-storms

over the plains,

The monsoon secason is characterized by moderate temperatures, large rainfall
amounts, and persistent southwest winds. The winds are due to the
establishment of low-pressure systems over the Indo-Pakistan subcontinent in
May and June. The monsoon flow in Pakistan is well established by July and
remains constant through August. In some years, the monsoon remains active
Into September. During July, the mean monthly temperature exceeds 32°C

(90°F) through the majority of the Indus Plain and western Pakistan. The
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average rainfall during the season ranges from approximately 1,000 mm (25
inches) in the north Indus Plain to approximately 127 mm (5 inches) or less

in the south.

The post-monsoon season is characterized by retreat of monsoon regime and {is
a transitional period between the monsoon regime and cool-season conditions.
The high-pressure system begins to establish itself over Pakistan in mid-
November. Without any active wind system, the weather produces generally

dry conditions, with the least rainfall amount in October and November,

The proposed project ir located in the northern part of the Sind:Province.
The mean raximum and minimum temperacures and rainfall data recorded at
three selected stations (Figure 2.1-1) ncar the proposed projeét are
presented in Table 3.1-1. In this region, the temperature generally is
‘higher than in the south because it is located further away from the Arabian
Sea. The daily range of temperature also increases with distance from the
sea. In winter, the weather is gencrally clear and temperature is about
10°C lower than in summer. The province is influenced by the summer monsoon
which has prevailing winds from the southwest, and winter monsoon with

prevailing northwest wind directions,

During the summer, the intense heat over the Sind Desert creates the
southeast trade winds across the equator. These winds form the southwest
monsoon and are the main source of rainfall in most of the province. B
Although cyclones and wind storms are not common, the hot winds, which are
established in éarly April, blow from morning to evening. During March to
June, dust storms can occur frequently.

The annual rainfall is about 200 mm (7.9 inches) in the lower Sind and less
than 100 mm (3.9 inches) in the upper Sind. Major portions of the rainfall

occur from July to September.

3.1.1.2 Site Meteorology '

Weather data has been collected by Gibbs & Hill over the last several year§

at the proposed project site in Guddu. The data include qbservations of

temperature, pressure and humidity ac 8:00 am and 2:00 pm, local standard
3-3 ool AVAILABLE DOCUMENT
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Table 3.1-1. Temperature and Rainfall Data for Sélected Weather Stations
in Nerthern Sind Province.

Mean Temperature (°C)
P

Summer Winter
Rainfall
Location Maximum Minimum Mazximum Minimum (mm)
Rohrix* 42 26 26 9 NA
Jacobabad* 44 28 24 8 88
Sukkur* 42 28 24 9 90 -

* Based on 1985 and 1987 data from the Pakistani Meteorological
Station; same as Sukkur.

*  Population Census Organizetion, 1983.

NA =~ Not A.aiilable

RIZR
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time, and daily averages of cloud cover. However, these data are not
complete (i.e., data were not collected for every hour nor for every day and
did not include wind observations) to provide a meteorological description
of the site. Data collected at the Pakistan meterological station in Rohri
are the most complete for describing the meteorology at the proposed site
location. The station is located approximately 110 km from the project site
and the weather data are considercd to be representative of the project
site's condition (see Figure 3.1-1). The station also has a complete

record of meteorological parameters, including wind direction and wind speed
measurements. Meteorological data from Rohri were obtained and processed
for 1985 and 1987 in order to: '

1. Characterize the mateorology of the project site for periods
during which weather conditions were potentially different from
year to year, and

2. Estimate the air quality impacts of the proposed project in an

atmospheric dispersion model. e

A summary of the temperature and wind data observed at the Rohri
meteorological station is presenccd in Table 3.1-2. The monthly temperature
can range from a low of approximately 8°C in December to a high of 42°C in
April and June. The southwest monsoon is predominant during the period from
May to September with high humidity and sunshine. In general, wind speeds
seldom exceed 10 m/s (20 knots). The northeast monsoon in the remaining
period of the year brings moderate temperatures, Wind bars showing the )
distribution of winds on an annual basis at Rohri are presented in

Figure 3.1-2.

3.1.1.3 Existing Air Pullution Sources

The existing Guddu power developmenu consists of four (4) fossil-fuel fired,
steam electric generating units and four (&) gas turbine combined cycle
(GTCC) generating units, The steam units were the first generating units
constructed at Guddu, and consist of two (2) Czechoslovakian units of 100 MW
capacity each, a Russian unit of 210 HW capacity, and a Chinese unit of 210
MW capacity. All of these steam units burn primarily natural gas from the
Sui gas field, wnich is piped to the Guddu site. Heavy furnace oil, brought

to the site by tanker truck, is burned during the months of December and

{2
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Table 3.1-2. Meterological Data Collected at the Rohri Meteorological Station

Temperature (°C)

. Average

Prevailing Wind Wind Spe

Month Average Minimum Maximum Direction (knots
1985
January 16 11 22 Northeast 1.9
February 20 12 28 East 2.0
March 26 20 33 East 2.3
April 30 23 37 Southwest 3.1
May 35 27 42 Southwest 3.1
June 34 27 42 South 4.7
July 31 27 36 South 3.3
August 31 26 ' 35 South 4.1
September 30 24 35 Southwest 2.4
October 26 19 32 Northeast 1.6
November 21 15 28 East 1.4
December NA NA NA NA NA
1987

January 15 9 C22 East 1.8
February 18 13 24 East 2.2
March 22 17 28 East 2.7
April 28 21 36 West 2.1
May 31 24 37 Southwest 3.9
June 35 29 42 Southwest 2.5
July 34 28 40 South 2.8
August 33 27 39 Southwest 2.3
September 31 24 38 Southwest 2.2
October 26 21 33 Northeast 1.9
November 21 15 28 East 1.1
December 15 8 22 Northeast 1.5
NA = Not Available,
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Rohri Meteorological Data
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January, when natural gas consumption by the private sector in Pakistan ig
high (i.e., during the winter months) and gas supplies to the Guddu plant

are curtailed.

The existing GTCC units consist of four individual gas turbine units rated
at 100 MW generating capacity each. Each turbine has a heat recovery steam
generator, capable of supplying an additional 50 MW of electrical generating
capacity. The total maximum gencrating capacity of the units is therefore
600 MW (150 MW x 4). The units can be operated in either the simple cycle
mode (gas turbine only) or in the combined cycle mode (gas turbine with heat
recovery steam generator). Normal operation is in the combined cycle mode.
As primary fuel, the gas turbines burn natural gas from the Mati gas field,
which is piped to the Guddu site. This fuel may be supplemented by naturcl
gas from the Khandhkot gas field. Also, during natural gas curtailments in
\December and January, high speed distillate (HSD) oil is burned in the gas
turbines. No supplemental fuel firing is conducted in the heat recovery

steam generators,

A summary of operating parameters for the existing Guddu units is provided
in Table 3.1-3. Characteristics of fuels burned at the Guddu power

development are presented in Table 3.1-4.

Stack parameters associated with the existing Guddu units are shown in
Table 3.1-5. Stecam Units 1 and 2 share a common stack, and the stack
parameters shown for Unit I reflect both units discharging from the common

stack, Steam Units 3 and 4 also share a common stack.

Since the fuel type affects exhaust gas flow rates and velocities, figures
are shown for both natural gas firing and fuel oil firing. Parameters are
also presented for operation of the gas turbines in both the simple cycle
mode and the combined cycle mode, since exhaust gas temperature, flow rate

and velocity are all affected.
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Table 3.1-3. Operating Pararcters for Dulsting Guddu Units
Existing Stean Units Existing 600 MY
Unit 1 Unit 2 Unit 3 Unit 4 _ GIOG .Units®
Parameter Units Czech Czech Russian Chinese Each Each
(SC) (cc)
(METRIC WNITS)
Rating W 100 100 210 210 100 150
Heat Rate Keal Kwhr 2,110 2,110 2,338 2,338 2,720 1,850
Heat Trput 100 Kealpwr 2% 2% 483 483
Mari Gas - - . - . 278 278 -
HSD 011 - - - - . 1 4
Fuel Usage
Sul Gas NC/hr 28,24 28,246 58,303 58,303 . -
Khandhkot Gas N /hr - - - - - -
Mari Gas N /hr - - . - 43,2711 43,271
HSD 0il Kg/hr - - - - 21,9%  21,9%
1r - - - - 25,505 25,505
Furnace 011 Kg/hr 23,210 23,210 47,907 47,907 - -
1mr 23,684 23,684 48,885 48,885 - -
(ENGLISH UNITS)
Rating W 100 100 210 210 100 150
Heat Rate Baykshr 8,373 8,373 9,278 9,278 10,7% 7,341
Capacity Factor - 75% 75% 100% 100% 903 1008
Heat Irput  10% Boyhr 929 929 1,917 1,917 . -
Mari Gas - . . - - 1,103 1,103
HSD 0il - - - - - 956 956
Fuel Usage
Sul Gas scfh 997,852 997,852 2,059,076 2,059,076 - -
Kharxhkot Gas  scfh - - - - - -
Mari Gas scfh - - - - 1,527,701 1,527,701
HSD 011 Ibmr - - - - 48,313 48,313
gal/hr - - - - 6,805 6,805
Rurnace 0il Ib/mr 51,145 51,145 105,538 105,538 - -
gal/hr 6,237 6,237 12,871 12,871 - -
* Four identical gas turbines with heat recovery steam generators,
Notes: SC = Sinple Cycle Operation
CC = Carbined Cycle Operation (normmal operation)
Sources: Gibbs & Hill, 1988
KEN, 1988
1-10 BEST AVAILABLE DOCUMENT
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Table 3.1-4. Characteristics of Fuels Burned at Guddu Power Development

Sui Gas Kandhkot Mari Gas High Speed Fumace
Parameter Units Gas Distillate 0il
il .
Hydrocarbons 8 Vol. 9.0 81.8 71.4 - -
Nitrogen % Vol, 2.5 16.6 19.5 - -
Ash % WE. - . - 0.01 -
Sulfur gr/100 £ 96 2 0.1 . .
% wt - - - 1.0 (max) 3.0 (max)
Density 1b/gal - - - 7.1 8.2
kg/1 - - - 0.86 0.98
Higher Heating KIMNm 34,682 32,149 26,897 - .
Value By/scf 931 863 722 . -
Keal/kg - - - 10,988 10,082
Btu/1b . - - 19,797 18,164
Sources: Gibbs & Hill, 1988
KIN, 1988
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Table 3.1-5. Summary of Stack Parameters for Existing Guddu Units

Existing Steam Units Bxsting 600 MW
Unit 1 Unit 2 Unit 3 Unit &4 ~__GICC Units
Parameter Units Czech Czech Russian Chirese Each Each
100 M4 100 M 210 M4 210 M4 (SC) (00)
‘ (MEIRIC UNITS)
Heﬁhc m 50 * 100 * 21.3 21.3
Area e 32.17 * 25.52 * 40.8 2.2
Temperature oc 150 * 140 * 536 183
Flow rate - Gas  Kg/s - * - * 38l.6 381.6
- 0il :ﬁ/s . * - * 377.4 377.4
- Gas /s 305.6 * 618.2 * 889.0 500.9
-0il  nl/s 260.5 * 526.9 * 871.1 490.9
Velocity - Gas /s 9.50 * 2.2 * 21.80 20.74
-0l s 8.10 * 20.6 * 21.36 20.32
(ENGLISH UNITS)
Height fr 164 * 328 * 70 70
Area £r2 %6 * 275 * 439 260
Temperature oF 300 * 285 * 997 361
Flow rate - Gas  acfm 647,500 * 1,309,800 * 1,883,633 1,061,402
-0il  acfn SS51,907 * 1,116,386 * 1,845,797 1,040,082
Velocity - Gas  fps 31.2 * 79.4 * 71.51 68.04
-0il  fps 26.6 * 67.7 * 70.08 66.67

*  Units 1 and 2 share cammon stack; Units 3 and 4 share canmon stack

Notes: SC = sinple cycle operation
OC = carbined cycle operation (nommal operation)

Sources: Gibbs & Hill, 1988
KEN, 1988
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Locations of the existing Guddu units within the power development are shown
in Figure 3.1-3. Location of the units relative to the Steam Units 3 and 4

stack location are also given in Table 3.1-5.

Alr pollutant emission rates associated with the existing Guddu units are
presented in Table 3.1-6. Emissions are presented for each unit for both
natural gas firing and fuel oil firing, since emission rates are affected by
the type of fuel burned. Emission rates are the same for gas turbine

operation in either the simple cycle or combined cycle modes.

The air pollutant emission rates and stack parameters presented in this
section for the existing Guddu units will be used i1 the air quality
modeling analysis to predict existing and future ambient air quality levels

in the Guddu area.

There are no other significant air pollution-sources in the vicinity of the
Guddu power development. There are no other power plants or industrial
plants located in the region. The surrounding area is agricultural in
nature. Other sources of air emissions include vehicular traffic over
unpaved roads, agricultural burning, and wood burning in homes. These
sources emit primarily particulate matter, and would contribute to the

general background particulate concentrations in the area.

3.1.1.4 Ambient Air Quality

Background Concentrations

Measurements of existing ambient concentrations in the vicinity of the Guddu
power development were taken, primarily to establish background
concentration levels. Because there are no other significant sources of
atmospheric pollution in the region, background levels for most pollutants
were expected to be low. This was confirmed by the ambient sampling.
Measurements of sulfur dioxide (S09), nitrogen dioxide (NOj), carbon
monoxide (CO) and ozore (03) were conducted at two locations at Guddu. One
location was on the power plant site, while the second was at the WAPDA
fuest house, located about 1 km west of the exlsting gas turbine combined
cycle units. Sensidyne, Inc., detector tubes were used for the sampling.
The range and lower limit of detection of the detector tubes are as follows:
MY
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Table 3.1-6. Afr Pollutant Bnission Rates for Existing Cuddu Units

Existing Steam Units Existing 600 MJ
Unic 1 Unic 2 Unit 3 Unic 4 _GICC Units
Farametor Units Czech Czech Russian Chinese Each Each
(5C) (CC)
(MEIRIC WNITS)
Gas Firing
Particulates g/s 0.39 0.39 0.81 0.81 0.63 0.63
Sulfur Dioxide g/s 34.5 34.5 71.2 71.2 0.05 0.05
Carbon Monoxide g/s 5.0 5.0 10.4 10.4 3.50 3.50
Nitrogen Oxide g/s 69.0 69.0 142.5 142.5 91.6 91.6
Vol. Org. Campds g/s 0.18 0.18 0.37 0.37 0.48 0.48
Oil Firing
Particulates g/s 27.2 27.2 36.1 56.1 1.26 1.26
Sulfur Dioxide g/s 370.1 370.1 763.8 763.8 121.7 121.7
Carbon Monoxide g/s 3.93 3.93 8.11 8.11 3.47 3.47
Nitrogen Oxide g/s 52.7 52.7 108.7 108.7 142.9 142.9
Vol. Org. Campds  g/s 0.82 0.82 1.69_ 1.69 1.40 1.40
(ENGLISH UNITS)
Gas Firing
Particulates Ib/hr 3.1 3.1 6.4 6.4 5 5
Sulfur Dioxide  lb/hr 273.7 273.7 564.8 564.8 0.44 0.44
Carbon Monoxide  1b/hr 39.9 39.9 82.3 82.3 3.47 3.47
Nitrogen Oxide  lb/hr 548 48 1,131 1,131 727 727
Vol. Org. Campds 1b/hr L4 1.4 3.0 3.0 3.85 3.85
0il Firing
Parciculates lb/hr 215.6 215.6 445 445 10 -+ 10
Sulfir Dioxide  1lb/hr 2,938 2,938 6,062 6,062 966 966
Carbon Monoxide  1b/hr 31.2 31.2 64.4 64.4 27.5 27.5
Nitrogen Oxide  lb/hr 417.9 417.9 862.4 862.4 1,134 1,134
Vol. Org. Compds 1b/hr 6.5 6.5 13.4 13.4 11.1 11.1

Notes: SC = Simple cycle operation

CC = Canbined cycle oprrotion (nommal operation)
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Pollutant Range

- (ppm) (ug/m)
Sulfur Diexide 0.05 - 10 130 - 26,200
Nitrogen Dioxide 0.1 - 100 190 - 188,100
Carbon Monoxlide 5 - 50 5,750 - 57,500
Ozone 0.05 - 3 100 - 5,900

The detector tubes were operated to obtain readings at the lower end of the-
measurement range. However, all readings for each pollutant were below the
lower limit of detection of the measurement method. These findings confirm

that background concentration levels in the area are low.

Measurements for total suspended particulate matter (TSP) were not conducted
at the Guddu site. However, lung-term TSP sampling has been conducted at
the Lakhra and Jamshoro power plant sites lécated northwest of Hyderabad,
The Lakhra site, located about 340 km southwest of Guddu, is very similar

in nature to the Guddu area, being dvy and arid, and no significant point
sources of particulate matter are located nearby. As a result, background
TSP levels in the Guddu area are expected to be similar to those experienced

at Lakhra,

A summary of the long-term TSP data collected at Lakhra is presented in
Table 3.1-7. The data indicate that background TSP levels average about"
200 ug/m3. This 200 ug/m3 concentration was used as a background TSP
concentration in the Guddu air quality impact assessment. The background
concentration is added to impacts predicted from the emission sources
considered in the air dispersion modeling analysis, in order to predict

total air quality impacts,

Existing Baseline Air Quality Levels

Ambient air monitoring data for the Guddu site do not exist to define
existing baseline ~ir quality. However, atmospheric dispersion models can
be used to estimate such baseline air quality. As a result, existing air
quality levels in the area of the Guddu power development were estimated

using atmospheric dispersion models. A description of the models utilized
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Table 3.1-7. Summary of Total Suspended Particulate Matter Concentrations
for Lakhra Monitoring Stations; May 1985 through
September 1986

Station Number of Concentrations (uz/m3)
Site Location Number Observations Maximum Minimum Mean
Lakhra L-1 23 553 35 180

L-2 19 537 56 219

Note: ug/m3 - 10-6 g/m3.

Sources: WAPDA, 1985
ESE, 1386
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in the baseline evaluation, data inputs to the model, and the modeling
methodology employed are discussed in Section 4.1.1. As described in
Section 3.1.1.3, the only existing air pollution emission sources at Guddu
are four steam generating units and four GTCC generating units. These
sources were modeled using the emission and stack data presented in Section

3.3.1.3. The data represent fuil load operating conditions on all units.

As described in Section 3.1.1.%, the generating units can burn both natural
gas and fuel oil. Natural gaz is the primary fuel burned in all generating
units on a year-round basis. Significant emissions of NO, occur wheu

burning natural gas. In addition, the steam generating units c..n primarily
Suil gas, which is high in sulfur, and therefore can produce significant S0,
emissions. As a result, predictions for NO, and 50y were performed with all
units burning natural gas during the entire year. Annual concentrations

were predicted for NO,, whereas both 24-hour and annual predictions were
performed for 50,. These averaging times are consistent with ths World Bank

Environmental Guidelines, which USAID has adopted for projects in Pakistan,

Fuel oil burning normally occurs during the months of December and January,
and other periods of natural gas curtailment. Significant emissions of 50, .
NO, and particulate matter occur under oil burning conditions. To provide
an estimate of "worst case" impacts, S0y emissions and particulate emissions
were evaluated for both short term and annual impacts during 100% fuel oil

burning; however, NO, impacts were not evaluated since only an annual

standard exists for NO,, .

Kesults of the baseline dispersion modeling evaluation are presented in
Table 3.1-8. World Bank guidelines are shown for comparison., The maximum
predicted 24-hour S0y concentration is 325 ug/m3, which is much lower than
the World Bank guideline of 500 ug/m3. This impact occurs under fuel oil

burning conditions.

Maximum SO, impact under normal natural gas burning operation is predicted
to be 23 ug/m3 for the 24-hour averaging time, and 4 ug/m3 for the annual
averaging time. These maximum impacts are less than 10% of the World Bank

guldelines.
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Table 3.1-8. Predicted Maximum Ambient Concentrations due to Existing
Sources at Guddu Power Development

Maximum Predicted World Bank

Concentration Guideline
Pollutant Averaging Time (ug/m3) (ug/m3)
NATURAL GAS
Sulfur Dioxide 24 -hour 23 500
Annual 4 100
Nitrogen Dioxide Annual 11 100
OIL
Sulfur Dioxide 24 -hour 325 500
Annual 54 100
Particulate Matter™ 24 -hour 23 500
Annual 3.8 100
Nitrogen Dioxide Annual 15 100

* Background concentrations for particulate matter are 200 ug/m3.
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Particulate matter impacts under normal natural gas burning operation are
expected to be negligible due to the low emission rates when burning gas.
Maximum particulate impact due to the generating units only, when burning
fuel o0il, is predicted to be 23 ug/mj, 24-hour average. Added to the
estimated background TSP concentration of 200 ug/m3, tctal predicted maximum
24 -hour average impact is 223 ug/mJ. This impact is about one-half of the

World Bank guideline of 500 ug/m3, 24 -hour average.

The maximum annual NOy impact due to the existing Guddu power development is
predicted to be 11 ug/m3. This maximum impact represents 11% of the World

Bank guideline of 100 ug/m3, annual average.

3.1.1.5 Noise Resources

A baseline noise monitoring program was conducted in the Guddu power
development area in order to assess existing noise levels. Two measurement
programs were carried out: a noise source survey, and an ambient noise
survey. A Lucas CEL Instruments Ltd. Model CEL-228 impulse sound level
meter was used to make the noise measurements. This is a Type 2 sound level
meter which meets the minimum ANSI specifications for Type 2 general

purpose meters. The noise meter was calibrated and adjusted appropriately

prior to ffeld sampling.

The most common unit of measuring and reporting sound pressure levels is the
"decibel” (dB). Decibels are calculated as a logarithmic function of sound
pressure level (SPL) in air to a reference effective pressure (Kinsler and
Frey, 1967): SPL = 20logj (Po/Py)

where: P, = measured effective pressure of the sound wave

P, = reference effective pressure of 0.00002 newton/m2

The actual pressure levels can be adjusted to better reflect the normal
response of the human ear to sound. This is referred to as "A-weighted"
sound pressure level (dBA). In terms of the decibel scale, a fourfold

decrease in energy (due to each doubling of distance from the reference

point} results in a 6 dBA decrease in sound pressure level,
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NOISE SOURCE SURVEY

In the noise source survey, noise measurements of specific noise sources
within the existing power plant complex were made. The results of the
source monitoiing are presented in Table 3.1-9. Measurements of noise
sources were made at specific locations inside buildings, to monitor worker
exposure, and outdoors, to monitor both worker exposure and outdoor sound
power level:. The outdoor sound power levels are to be used to assess the

effects of noise sources on community sound levels.

The majority of measurements were made at a distance of 5 feet (1.5 m) from
the source, in order to measure the sound power level of the source.
Additional measuvements were obtained at intermediate locations between two
or more noise sources, the purpose being to measure sound levels to which

workers are routinely exposed.

As indicated in Table 3.1-10, the loudest outdoor hoise source found from
the survey was the Rus:ian gas reducing station, which measured

109 decibels A-weighted (dBA). The Combine Cycle power plant Unit 4 gas
turbine exhaust duct and gas mixing plant each registered levels of 102 dBA.
A reading of 102 dBa was also obtained inside the Steam Units 1 and 2
turbine room. Other high noise level soufces included the Chinese gas
reducing station and inside the pump house for the existing Steam Units,

The World Bank (1984b), in its Occupational Safety and Health Guidelines,

recommends that workers not be exposed to noise levels in excess of 90 dBA.

A special survey of noise levels associated with the heat recovery steam
generators (HRSGs) in the Combined Cycle power plant was also undertaken.
This survey was performed in response to concern by staff personnel over a
cyclic, resonating noise, apparent at high load levels, originating from the
HRSGs. Several measurements were obtained at various distances from the
HRSGs, including inside the Gibbs & Hill site construction offices.

Frequency measurements were also obtained.
The results of the special noise survey monitoring are presented in

Table 3.1-10. The results {ndicate the greatest sound level to be in the

125 Hz frequency band, where the noise level was measured at 92 to 97 dB.

3-21



Table 3.1-9. Results of Survey of Noise Sources at Guddu Power Development

Distance

Noise Source From Source Noise Level

(fe)* dBA
450/600 MW Combined Cycle Plant
Unit 4 Power Block 5 84
Unit 4 HRSG 5 80
Between Unit 3 and Unit 4 10 . 84
HRSGS, 10 ft. from Unit 4 HRSG
Unit 4 Gas Turbine Exhaust Duct 5 98
Unit 4 Gas Turbine Exhaust Duct

- Unit 3 Side 5 102
Between Unit 3 & 4 Gas Turbines 30 92
Between Unit 3 & 4 Gas Turbines -

- Filter House End 30 85
Steam Turbine Building 5 79
Inside Turbine Building

-Boiler Feed Pumps 5 93

-Hydraulic Unit 5 89

-Turbine (2nd Floor) 5 92

-Turbine Room (3rd Floor) 5 94
Gas Miving Plant 10 102
Control Building

- Invertor Room (Invertor) 5 80

Pump House
-Inside 5 89
-Outside 5 79
Existing Steam Units
Units 1, 2
-Inside Turbine Building 5 92
-Outside Building 5 85
-Turbine Room 5 95-102
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Table 3.1-9. Results of Survey of Noise Sources at Guddu Power Development

(Page 2 of 2)

Distance

Noise Source From Source Noise Level

(Fe)* dBA

Units 3, 4

-Outside Turbine Building 5 85
-Pump House (Inside) 5 99
-Suil Gas Mixing Plant
-Filters 5 91
-Russian Gas Reducing Station 5 109
-Chinese Gas Reducing Station 5 98

* English to Metric:

5 ft = 1.5 meters (m)
10 ft = 3.0 m
30 fe = 9.1 m
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ble 3.1-10. Results of Special Noise Survey of 450/600 MW Combined Cycle Plant HRSGS

Noise Level

Frequency (HZ)
A
urce/Location Scale 63 125 250 500 1K 2K 4K 8K
& H Site Construction
Office
1) Inside conference
room at table 57-64 65-74  74-82 55-59 51-54 39-43 34-36 32-34
2) At window 72-77 82-87 92-96 66-69 51-55 45-47 41-44 41-43 <30
3) Outside, adjacent
to building 74-78
dway Between
ffice and Unit 4 77-81
jacent to Unit
4 Gas Turbine 84 81-84 88-91 75-79 73-76 75-76 77 79 62
Adjacent to Unit 4
HRSG 80 87-90 92-97 74-77 70-72 70-73 69-71 69.71 57
3-24
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Also of importance i{s the rather large fluctuations {n noise levels
medsured at this frequency, varying by up to 5 dB. It has been recognized
that a noise level which often fluctuates by 5 dB or more is more noticeable
and bothersome than a steady noise of the same average sound level. This

then could be the cause of the complaints associated with this noise source.

AMBIENT NOISE SURVEY

A survey of ambient noise levels in the Guddu community was undertaken.
Heasurements were taken at fourteen (14) locations surrounding the power
plant. Measurements were obtained at two different times at cach location:
between 8 pm and 9 pm on a weekday evening, and between 6 am and 7 am on a
weekday morning. The weekday evening measurements are representative of
relatively low activity levels in the community, whereas a good degree of
activity is associated with the early morning measurements, as these were

taken well after sunrise.

All efforts were made to obtain noise readings which were not unduly
influenced by localized, non-continuous sources, such as vehicular traffic
and conversations bhetween local villagers. For the most part, this goal was
accomplished. Measurement duration varied from 15 seconds up to 1 minute,

until an average reading was determined.

The results of the community noise monitoring are presented in Table 3.1-11
For this survey, the evening nolse measurements were considered
representative of nighttime hours, and the morning measurements were
considered representative of daytime noise levels. From these data, the
equivalent 24-hour sound level [ch(ZA)] in dBA, and day-night average
sound level (Ldn) in dBA were estimated for each monitoring site. These
estimates are also shown in Table 3.1-11. The Leq(Zh) and Ldn sound levels
were estimated for each site by assuming the morning measurement (Ld) was
representative of sound levels existing during daytime, and the evening
measurements (1)) were representative of nighttime sound levels. The
Loq(2h) and Ld” are then given by the following formulas [all sound levels
in dB(A)]:

Leq(20) = Ly + L,

?



Table

3.1-11. Results of Guddu Ambient Noise Survey

Measured (dBA)

Calculated (dBA)

4/20/88 4/21/88 Log (24) Ldn
Site Evening  Morning (3BA) (dBA)
No. Site Description 8pm-9pm  6am-7am
1 Intersection of Sukkar-Guddu 57 - 57 63
Road to Power House Rd.
2 100 m north of 300 MW
expansion site 61 56 59 67
3 Sukkur - Guddu Rd., just
southeast of 3C0 MW expaunsion
site 61 56 59 67
4 450/600 MW combined cycle
power plant pump house 67 57 62 73
5 Sukkur - Guddu Rd., at barrage 52 52 52 58
6 Southeast of existing steam J?
plant, at 500 KV line tower 49 57 53 5@
7 Village south of existing
steam units 58 62 60 65
8 Plant property, south of
power units 68 62 65 74
9 Workers village south of
power development at
500 kV line 62-67 57 61 70
10 Workers village south of
power development at
500 KV line 59 52 56 65
11 Workers village just west
of combined cycle units 65-67 62 64 72
12 Workers colony west of
power development 60 56 58 66
13 Gate of workers village
northwest of power
development 67-72 62-64 67 76
14 WAPDA Guest House 50 47 49 56
3-26
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Lan = 10 log _1 [15 x 10(Ld/10) 4 g 10(L""1°>/10]
24

The estimated Leq(2h) and Ldn noise levels for each monitoring site were
plotted on a base map of the Guddu power development. From these plots,
contours of noise levels were inferred based upon the measured noise levels
and the locations of major noise sources. The only major noise source in
the Guddu area fs the power piant complex. The noise contours are presented

in Figures 3.1-4 and 3.1-5,

The World Bank environmental nolse guldelines specify an outdoor Lgn of

55 dBA for residential areas and hospitals, and an Leq(Zﬁ) of 55 dBA for
schools in order to protect the public against outdoor activity
interference. As shown in Figure 3.1-4, the 55 dBA Leq(ZO) contour extends
over most of the Guddu workers villages and over a porticon of the Guddu
residential area. There are no schools located within the area which

exceed 55 dBA, but a school is currently planned for the workers' village
located southwest of the power plant, and would be within the area exceeding
the guideline. There 1s at least one mosque within the area exceeding 55
dBA; however, noise levels inside the mosque would be much lower due to

attenuation from the building structure.

A larger area surrounding the power plant is estimated to exceed the 55 dBA
Lyn guideline, set to protect outdoor residential areas and hospitals.
There are no hospitals located within this area, but it encompasses much of
the Guddu workers' villages and residential area (see Figure 3.1-5). It
also {ncludes residential arcas located to the east along the Sukkur-Guddu
road, to the southeast along the Indus River, and to the south, although

this area is sparsely populated,

A puideline Loq(2h) level of 70 dBA has been set to protect against hearing
loess in all outside public and residential areas. As shown in Figure 3.1-4,
all areas exceceding the 70 dBA level are confined to within the power plant

boundaries,
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3.1.2 Land_and Water Resources

3.1.2.1 Surface Water Resources

RAINFALL

Rainfail data, obtained from the Pakistan Meteorological Department offices
in Karachi for Sukkur, were used to describe long-term conditions for the
Guddu site. Data were available for the 24 year period, 1961 through 1984.
Given the location and regional similarities, the Sukkur rainfall is

representative of rainfall at Guddu.

Average monthly rainfall is summarized in Table 3.1-12. July and August are
the wettest months, averaging 22.6 mm (0.89 inches) and 21.0 mm (0.83
inches), respectively. Rainfall during these two months account for
approximately 51% of the total annual rainfall. November is the driest

month receiving an average of 0.6 mm (0.02 inches) of rainfall.

The total annual rainfall for the 24 year period from 1961 through 1984 is
summarized in Table 3.1-13. Annual rainfall discribution is dominated by
extreme annual variations, varying from 2.5 mm (0,10 inches) in 1963 and

1965 to 412.1 mm (16.22 inches) in 1978.

These annual extremes significantly effect the variation is the mean and
median rainfalls. The mean annual rainfall is 85.6 mm (3.37 inches);
however, the median annual rainfall (i.e., that amount which could be
expected in at least 50% of the yeairr) is only 59.0 mm (2.32 inches).

For design purposes, maximum daily rainfall has been estimated at 140 mm
(5.5 inches). Although no return frequency was specified, it is generally
believed by the design staff that this rainfall volume is in excess of a 100

year - 24 hour storm.

INDUS RIVER
The major surface water [eature of the region is the Indus River; the Indus
River is the wmajor freshwater supply for agricultural, domestic and

industrial uses in the region.
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Table 3.1-12. Summary of Average Monthly Rainfall at Sukkur

Average Rainfall

Month
(millimeters) (inches)

January 4.2 0.17
February 8.7 0.34
March 5.6 0.22
April 1.7 0.07
Hay 2.6 0.10
June 5.6 0.22
July 22.6 0.89
August 21 0.83
September 6 0.2¢4
Octuber 1.6 0.06
November 0.6 0.02
December 5.4 0.21
Annual 85.6 3.37

Note: Average monthly rainfall data are based on rainfall data
collected at Sukkur for the period 1961 through 1984,

Source: Pakistan Heteorlogical Department, Karachi, 1988.



Table 3.1-13. Summary of Total Annual Rainfall at Sukkur

Annual Rainfall

Year
(millimeters) (inches)

1961 56.1 2.21
1962 71.2 2.80
1963 2.5 0.10
1964 93.4 3.68
1965 2.5 0.10
1966 39.4 1.55
1967 152.1 5.99
1968 29.2 1.15
1969 25.9 1.02
1970 25.4 1.00
1971 62.7 2.47
1972 42.6 1.68
1973 20.5 0.81
1974 44 .4 1.75
1975 158.5 6.24
1976 191.8 7.55
1977 121.2 4.77
1978 412.1 16.22
1979 157.1 6.19
1980 59.0 2.32
1981 93.6 3.69
1982 59.0 2.32
1983 105.1 4.14
1984 28.5 1.12

Mean Annual

Rainfall 85.6 3.37

Median Annual

Rainfall 59.0 2.32

Source: Pakistan Meteorlogical Department, Karachi, 1988.
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Indus River flow, in the project area, is controlled by the Guddu barrage.
The function of this barrage is to create a large reservoir to provide water
supply for irrigation of adjacent and downstream agricultural lands. The
Guddu Barrage and other Barrages on the Indus River system have proven very

effective in allowing che retention and management of water for dry season.

Water diverted from the barrage by large feeder canals upstream of barrage:
the B.F. Feeder Canal; the D.P. Feeder Canal; and the Ghotki Feeder Canal.
Water from these feeder canals is used for agricultural supply and power
plant supply. In addition to these diversions, water is céntinuously

released from the barrage to the downstream reaches of the Indus River.

Indus River flow varies significantly during year. Indus River stream flow
data for the period from April 1987 through March 1988 is presented in
Figure 3.1-6. Detailed flow information is presented in Appendix A.

Annual high flows typically occur in August.. Annual low flows typically

occur during December through March.

A summary of the observed annual maximum Indus River flows (upstream and
downstream or into and out of the barrage) for the period from 1962 through
1987 are presented in Table 3.1-14. Maximum observed discharge from barrage
was 33,309 meter3/sec (1,176,150 feet3/sec) on August 15, 1976. Average
annual maximum discharge from the barrage is

18,363 meterd/sec (648,400 feet3/sec).

A summary of the observed annual minimum Indus River flows (upstream and
downstream or into and out of the barrage) for the period from 1963 through
1987 are presented in Table 3.1-15. Minimum observed discharge from barrage
was 85 meter3/sec (3000 feet3/sec) on December 27, 1969. Average annual

minimum discharge from the barrage is 428 meter3/sec (15,123 fcet3/sec).

A summary of the observed annual maximum Indus River flood elevations,
upstream and downstream of the barrage, for the period from 1963 through
1987 are presented in Table 3.1-16. The maximum observed flood elevation

upstream of the harrage was 79.21 meters MSL (259.90 feet MSL) on
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Table 3.1-14. Summary of Observed Maximum Annual Discharges of the
Indus River, Upstream and Downstream of the Guddu
Barrage for 1962 through 1987 (26 years)

Maximum Annual Maximum Annual
Discharge Upstream Discharge Downstream
of Guddu Barrage of Guddu Barrage
Date (m3/sec) (ft3/sec) (m3/sec) (ft3/sec)
26-Aug-62 12,515 441,908 12,054 425,640
19-Aug-63 15,549 549,027 14,863 524,818
29-Aug-64 20,775 733,552 20,101 709,756
04-Aug-65 17,001 600,302 16,184 571,474
16-Aug-66 17,366 613,188 16,685 589,131
12-Aug-67 19,192 677,657 19,288 681,064
21-Aug-68 18,449 651,447 17,751 626,797
20-Aug-69 19,349 683,212 18,505 653,416
19-Aug-70 10,212 360,573 ' 9,478 334,657
17-Aug-71 17,367 613,242 16,554 584,513
06-Jul-72 11,684 412,548 10,566 373,103
19-Aug-73 30,698 1,083,942 30,103 1,062,954
29-Jul-74 9,907 349,819 8,939 315,642
30-Aug-75 28,391 1,002,496 27,979 987,943
15-Augz-76 33,975 1,199,672 33,309 1,176,150
24-Jul-77 17,284 610,292 16,319 576,227
18-Aug-78 32,734 1,155,853 32,237 1,138,272
11-Aug-79 14,826 523,515 14,257 503,423
16-Aug-80 18,466 652,045 17,643 622,958
06-Aug-81 20,649 729,122 19,641 693,524
19-Aug-82 13,767 486,119 13,125 463,461
10-Sep-83 21,486 758,655 20,851 736,248
O4-Sep-84 18,3338 647,508 17,723 625,782
15-Aug-85 12,060 425,835 11,150 393,724
13-Aug-86 33,228 1,173,292 33,192 1,172,010
03-Sep-87 9,716 343,067 8,941 315,719
Average Annual
Maximum
Discharge 19,038 672,226 18,363 648,400
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Table 3.1-15. Summary of Observed Minimun Annual Discharges of the
Indus River, Upstream and Downstream of the Guddu
Barrage for 1962 through 19&7 (26 years)

Minimum Annual Minimum Annual

Discharge Upstream Discharge Downstream

of Guddu Barrage of Guddu Barrage

Date (m3/sec) (ft3/sec) (m3/sec) (ft3/sec)

03-Mar-63 559 19,750 559 19,750
11-Mar-64 558 19,701 558 19,701
21-Jan-65 609 21,500 609 21,500
03-Feb-66 504 17,800 504 17,300
05-Jan-67 328 11,591 109 3,840
28-Dec-68 989 34,928 989 34,928
05-Jan-69 539 19,025 393 13,891
27-Dec-70 525 18,543 85 3,000
08-Mar-71 544 19,218 544 19,218
l4-Jan-72 291 10,280 194 6,844
17-Feb-73 627 22,145 - 627 22,145
10-Feb-74 542 19,153 542 19,148
O0l-Jan-75 460 16,258 375 13,226
31-Dec-75 416 14,684 223 7,891
13-Jan-77 612 21,627 338 11,942
02-Jan-78 448 15,815 170 6,000
05-Jan-79 523 18,459 352 12,436
09-Jan-80 713 25,166 354 12,500
06-Jan-81 533 18,820 427 15,076
05-Jan-82 673 23,774 348 12,303
27-Dec-83 616 21,755 394 13,907
19-Feb-84 843 29,756 778 27,467
02-Apr-85 650 22,938 648 22,873
13-Jan-86 677 23,911 478 16,892
l4-Jan-87 551 . 19,449 277 9,785
02-Jan-§8 500 17,664 259 9,145

Average Annual
Minimum
Discharge 570 20,143 428 15,123
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Table 3.1-16.

Summary of Cbserved Maximum Annual Water Elevation

of the Indus River, Upstream and Downstream of the Guddu

Barrage for 1962 through 1987 (26 years)

Maximum Annual Maximum Annual

Water Elevation Water Elevation

Upstream of Barrage Downstream of Barrage

Date (meters MSL) (feet MSL) (meters MSL) (feet MSL)
26-Aug-62 77.84 255.40 76.97 252.55
19-Aug-63 77.93 255.70 77.16 253.15
29-Aug-64 77.89 255.55 77.78 255.20
04-Aug-65 77.78 255.20 77.54 254,40
16-Aug-66 77.70 254.95 77.60 254.60
12-Aug-67 77.87 255,50 77.67 254 .85
21-Aug-68 77.87 255.50 77.57 254,50
20-Aug-69 77.96 255.80 77.69 254.90
19-Aug-70 77.87 255.50 76.:8 251.90
17-Aug-71 77.87 255.50 77.42 254,00
06-Jul-72 77.87 255.50 76.93 252.40
19-Aug-73 78.85 258.70 78.48 257.50
29-Jul-74 77.87 255.50 76.87 252.20
30-Aug-75 78.41 257.25 78.18 256.50
15-Aug-76 79.03 259.30 78.76 258.40
24-Jul-77 78.24 256.72 77.64 254.75
18-Aug-78 78.76 258.20 78.44 257.35
11-Aug-79 78.07 256.15 77.69 254.90
16-Aug-80 78.33 257.00 78.01 255.95
06-Aug-81 78.67 258.10 78.07 256,15
19-Aug-82 78.18 256.50 77.60 254 .60
10-Sep-83 79.21 259.90 78.36 257.10
04-Sep-84 78.33 257.00 78.06 256.10
15-Aug-85 78.18 256.50 77.48 254.20
13-Aug-86 78.88 258.80 78.57 257.80
03-Sep-87 78.33 257.00 76.93 252.40
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September 10, 1983. The maximum observed flood elevation downstream of the

barrage was 78.76 meters MSL (258.40 feet MSL) on August 15, 1976,

Water is released for the Guddu Barrage into the three feeder canals; the
rate of release into these canals varies during the year depending on the
agricultural and industrial demand. Releases into the three feeder canals
for the period from April 1987 through March 1988 are presented in

Figure 3.1-7. Detailed flow information is presented in Appendix A. For
the B.S. Feeder Canal (the canal adjacent to the existing power stations),
annual high flows typically occur in July, Very little water is released to
B.S. Feeder canal during December through March. A summary of the observed
annual maximum releases and elevations in the B.S. Feeder Canal for the

period from 1963 cthrough 1987 are presented in Table 3.1-17.

The existing station and proposed expansion site is bounded by the B.F.
Feeder Canal to the north and the Indus River (downstream of the Barrage) to
the east. Both are protected hy a flood protection and erosion prevention
dike or bund. Along the B.F. Feeder Canal, this bund is maintained to an
elevation of approximately 79 meters MSL (259.2 feet MSL). Along the Indus
River (downstream of the Barrage), this bund is maintained to an elevation
of approximately 80 meters MSL (262.5 feet MSL). Because of porous nature
of the bund material, substantial seepage occurs “uring the flood season:

therefore groundwater and surface water levels will rise behind the bunds.

EXISTING INDUSTRIAIL USES

Major industrial users are four steam power units and existing combined
cycle units. Water is withdrawn from B.S. feeder canal. Water uses in the
existing units include once-through condenser cooling water, cooling tower
makeup, plant service water and potable water. Estimates of existing water
use rates for the existing steam power units and combined cycle units are
presented in Tabte 3.1-18. Location of exlsting water withdrawal facilities

are presented in Figure 2.4-1.

The primary water demand by the existing units is for condenser cooling. To

satisfy this demand and to minimize the regional water supply impacts during
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Table 3.1-17.

Summary of Observed Maximum Annual Water Elevation

and Discharge Into B.S. Feeder Canal for 1962
through 1987 (26 years)

Maximum Annual

Discharge into the
B.S. Feeder Canal

B.S.

Maximum Annual
Water Elevation of the
Feeder Canal

Date (m3/sec) (ft3/scc) (meters MSL) (feet MSL)
26-Jul-62 340 12,006 77.20 253.30
05-Jul-63 366 12,907 77.25 253.45
27-Jul-64 409 14,425 77.26 253.50
21-Jul-65 460 16,240 77.63 254,70
21-Jun-66 490 17,304 77.60 254,60
28-Jun-67 488 17,233 77.69 254.90
28-Jun-68 424 14,972 77.57 254,50
23-Jul-69 499 17,609 77.78 255.20
17-Jul-70 502 17,737 77.72 255.00
22-Jul-71 504 17,792 77.172 255.00
14-Jul-72 543 19,189 77.81 255.30
15-Jul-73 511 18,027 77.75 255.10
24-Jul-74 566 19,996 17.72 255.00
11-Jul-75 606 21,394 78.10 256.25
07-Jul-76 578 20,418 78.02 256.00
15-Jul-77 560 19,762 78.02 256.00
07-Jul-78 586 20,678 78.02 256.00
10-Jul-79 625 22,065 78.12 256.30
10-Jul-80 622 21,964 78.18 256.50
10-Jul-81 587 20,711 77.96 255.80
16-Jul-82 577 20,390 78.18 256,50
03-Jul-83 590 20,839 78.09 256.20
04 -Jul -84 577 20,372 78.10 256.25
16-Jul -85 577 20,375 78.13 256.35
10-Jul-86 616 21,746 78.27 256.80
03-Jul-87 610 21,536 78.33 257.00
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Table 3.1-18. Summary of Existing Industrial and Associated Potable
Water Use (Page l-Metric Units)

Maximum Water Use (meters3/min)

Thermal Thermal Thermal Exi{sitng
Units Unit Unit 450 MW
Water Use #1 and #2 i3 #a GT/HRSG Total

ONCE THROUGH COOLING OPERATIONAL SCENARIO
Circulating Cooling Water 618 450 460 916 2,444
GT Gooling Water Pump 0 0 0 23 23
Flant Service Water 20 40 34 26 130
Subtotal - Industrial Uses 648 490 494 965 2,597
Plant and Colony Potable Water 6
Total Existing Stat{ion Water Demand - Once Thru Operations 2,603
COOLING TOWER OPERATIONAL SCENARIO
Cooling Tower Makeup 9 7 7 14 37
GT Cocling Water Pump 0 0 0 23 23
Plant Sarvice Water 3¢ 40 34 26 130
Subtotal - Industrial Uses 39 47 41 63 190
Plant and Colony Potable Water 6
Total Existing Station Water Demand - Cooling Tower Operations 196

NHote: 1. Cooling tower makeup volume

calcualted as 1,5%

nf the total circulating water flow.
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Table 3.1-18. Summary of Existing Industrial and Associated Potable

Water Use (Page 2-English Units)

Maximum Water Use (gallons/minute)

Thermal Thermal Thermal

Units Unit Unit 450 MW
Water Use #1 and #2 3 #4 GT/HRSG Total

ONCE THROUGH COOLING OPERATIONAL SCENARIO

Circulating Cooling Water 163,276 118,890 121,532 242,000 645,698
GT Cooling Water Pump 0 0 0 6,000 6,000
Plant Service Water 7,926 10,568 8,983 7,000 34,477
Subtotal - Industrial Uses 171,202 129,458 130,515 255,000 686,174
Plant and Colony Potable Water 1,500
Total Existing Station Water Demand - Once Through Caoling 687,674
COOLTHG TOWER OPERATIOMNAL SCENARIO

Cooling Tower Makeup 2,449 1,783 1,823 3,630 9,685
GT Cooling Water Pump 0 0 0 6,000 6,000
Plant Service Water 7,926 10,568 8,983 7,000 34,477
Subtotal - Industrial Uses 10,375 12,351 10,806 16,630 50,162
Flant and Colony Potable Water 1,500
Total Existing Station Water Demand - Cooling Tower Operations 51,662

Note: 1. Cooling tower makeup volume calcualted as 1.5%
of the total circulating water [low.
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low flow conditions, all existing units have and utilize facilities for

both once-through and cooling tower operation.

During the preponderance of the year, once-through condenser cooling water
1s withdrawn from the via the B.S. Feeder Canal (e.g., the Indus River
upstream of the Guddu Barrage), used for once-through condenser cooling, and

discharged downstream of the Guddu Barrage.

During critical low flow periods, cooling towers are utilized for condenser
cooling. As noted in Table 3.1-18, the use of cooling towers for condenser

cooling significantly reduces the total water demand.

EXISTING AGRICULTURAL USES

As previously discussed, the Guddu Barrage was designed and constructed to
manage Indus River flow and provide nearly year-round irrigation supply.
Flows released from Indus River into three feeder canals are dependent of
water demand and crop practices for that season and year. Representative
anuial releases for the period from April 1987 through March 1988 have been

presented previously in Figere 3.1-6,

For the period from 1962 through 1987, maximum water released to B.S.

Feeder Canal was 625 meters3/sec. (22,065 feet3/sec.), to D.P. (Pat) Feeder
Canal was 372 motorsB/sec. (13,147 feet3/sec.), and to Ghotki Canal was 311
mntorsJ/an. (10,986 fnet3/sec.). Maximum releases typically occur during
July for the B.S. Feeder Canal and D.P. (Pat) Feeder Canal and during August
for Ghotki Canal. During certain times of the year (e.g., during the April

site visit), no water is released into feeder canals.

EXISTING WATFR/UASTEWATER DISCHARGES
Estimates of existing wastewater discharge rates for the existing steam
power units and combined cyecle units are presented in Table 3.1-19.

Locations of existing wastewater ontfalls are shown in Figure 2.4-1,

All four steam units and existing combined cycle units discharge heated
once-through cooling water downstream of the Guddu Barrage. Discharge is

via a canal to rhe Indus River.
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Table 3.1-19. Summary of Existing Industrial and Associated Sanitary
Wastewater Discharges (Page l-Metric Units)

Maximum Wastewater Discharge (metersj/min)

Thermal Thermal

Thermal Exisitng

Units Unit Unit 450 MW
Water Use #1 and #2 #3 #h GT/HRSG Total

ONCE THROUGH COOLING OFPERATIONAL SCENARIO

Once-Through Circulating

Cooling Water Discharpe 618 450 460 916 2,444
Low Volume Wastes 30.0 10.0 10.0 11.4 61.4
Subtotal - Industrial

Discharges 648 460 470 927 2,505
Plant and Colony

Sanitary Wastewater 3.7
Total Existing Station Wastewater Discharge with

Once Through Cooling Operations 2,509
COOLING TOWER OPFRATIONAL SCENARIO
Cooling Tower Blowdown 1.9 1.4 1.4 2.7 7.3
Low Volume Wastes 30.0 10.0 10.0 11.4 61.4
Subtotal - Industrial

Discharges 31.9 1i.4 11.4 14.1 68.7
Plant and Colony

Sanitary Wastewater 3.7
Total Existing Station Wastewater Discharge

with Cooling Tower Operations 12.4

Hote: 1. Low volume wastes estimated as 50% of the tortal

plant service water.

2. Colony wastewater estimated as 66% of the total

colony and plant potable water.

3. Cooling tower blowdown calculated based on 5 cycles
of roncentration and blowdown volume equals 25 % of tower
evaporative losses; therefore, blowdown volume will be 20%

of tower makeup volume,
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Table 3.1-19. Summary of Existing Industrial and Associated Sanitary
Wastewater Discharges (Page 2-English Units)

Maximum Wastewater Discharge (gallons/min)

Thermal Thermal Thermal Exisitng
Units Unit Unit 450 MW
Water Use #1 and #2 #3 #4 GT/HRSG Total

ONCE THROUGH COOLING OPERATIONAL SCENARIO

Once-Through Circulating

Cooling Water Discharge 163,276 118,890 121,532 242,000 645,698
Low Volume Wastes 7,926 2,642 2,642 3,000 16,210
Subtotal - Industrial

Discharges 171,202 121,532 124,174 245,000 661,908
Plant and Colony

Sanitary Wastewater 590
Total Existing Station Wastewater Discharge with

Once Through Cooling Operations 662,898
COOLING TOWER OPERATIONAL SCENARIO
Cooling Tower Blowdown 490 357 365 726 1,937
Low Volume Wastes 7,926 2,642 2,642 3,000 16,210
Subtotal - Industrial

Discharges 8,416 2,999 3,007 3,726 18,147
Plant and Golony

Sanitary Wastewater 990
Total Existing Station Wastewater Discharge

with Cooling Tower Operatiocns 19,137

Note: 1. Low volume wastes estimated as 50% of the total

plant service water.

2. Colony wastewater estimated as 66% of the total
colony and plant potable water.
3. Cooling tower blewdown calculated based on 5 cycles
of concentration and blowdown volume equals 25 % of tower
avapnrative losses; therefore, blowdown volume will be 20%

of tower makeup volume.
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During low flow periods for the existing combined cycle GT/HRSG units,
once -through cooling water can be discharged (returned) to the B.S. Feeder

Canal; however, recirculation of heated effluent compromises the usefulness

of this option.

During cooling tower operation, all towers can blowdown to the discharge
canal and Indus River below the Guddu Barrage. Cooling towers for several
units (i.e., cooling towers for the steam electric Units 3 and 4, and the
existing combined cycle units) can alternatively blowdown to the B.S. Feeder

Canal,

All units discharge low volume plant wastewater and sanitary wastewater
Indir~ctly to the Indus River below the barrage. Water quality issues

related to these discharges are summarized below.

WATER QUALITY

Water quality of the Indus River Is highly dependent on river flow.
Representative recent water quality data, collected in the B.S. Feeder
Canal/Indus River are summarized in Table 3.1-20. Water quality from the
Indus River at Sukkur Barrage (i.e., downstream of the Guddu Barrage) 1s

presented in Table 3.1-21.

Typically, suspended solids and turbidity are lowest in December to
February, and increases from March through October. Water mineralizaticn
(i.e., total dissolved solids) is geuerally low to moderate; pH is 7.0-8.5.
Water temperature varies form 15°C to 37°C. For comparison, the World
Health Orgaiization (WHO) International water quality criteria for drinking
water are listed in Table 3.1-22. For parameters for which chemical or
physical data are available, the Indus River water meets the WHO drinking
water quality criteria. Other than bacteriological contaminants and
suspended solids (e.g., sediment), Indus River water is acceptable
chemically For human consumption and agricultural uscs. Bacteriological
quality can be immproved by boiling or chemica ‘'isinfection prior to human
consumption. Suspended sediments can be removed by settling prior to

potable or agricultural use.
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Table 3.1-20. Summary of Indus River/B.F. Feeder Canal Water Quality

Parameter Units 13-Aug-87 18-Nov-87 13-Jan-88 20-Apr-87
P-Alkalinty mval/L 0 0.18 0 0
P-Alkalinty mg/L 0 9 0 0
M-Alkalinty mval /L 2 2.5 2.7 2.6
M-Alkalinty mg/L 100 125 135 130
Total Hardness mval/L 2 2.5 2.7 2.%
Total Hardness mg/L 100 125 135 130
Calcium Hardness mval /L 1 1 2.2 1.5
Calcium Hardness mg/L 50 50 110 75
Magnesium Hardness mval/L 1 1.5 0.5 1.1
HMagnesium Hardness mg/L 50 75 25 55
Chloride mval/L 0.25 0.2 0.6 0.5
Chloride mg/L 9 7 21 18
Sulfate mg/L 14 27 28 52
Silica (as §i02) mg/L 6 4.4 7 4.4
Iron mg/L 0.16 0.275 .5 0.2
pH Units 8.1 8.3 7.4 8.2
Conductivity umhos/cm 180 300 400 340
Total Suspendad -

Solids mg/L 1750 300 400 340
Total Dissolved

Solids mg/L 100 170 220 190
Total Solids mg/L 1850 470 620 530
Chem .cal Oxygen .

Demand mg 02/L 2.8 1.44 1.9 1.2

B-te: 1. Alkalinity and hardness values expressed as mval/L or mg/L
as CaC03
2. No direct total dissolved solids (TDS) measurements were
available. Therefore, TDS were estimated based on the
empirical formula: TDS (mgy/L) = 0.55 * Specific
Conductance (umhos/cm).

Source: WADPA, 1988.
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Table 3.1-21. Summary of Indus River Water Quality at Sukkur,
Downstream of Guddu

Sukkur Sukkur Sukkur Sukkur
Barrage Barrage Barrage Barrage
Parameter Units Center Left Bank Rice Canal Rohri Canal
pH Units 7.1 7.2 7.2 7.2
Calcium mg/L 38 30 32 31
Magnesium mg/L 9 5 9 5
Sodium mg/L 35 21 30 22
Potassium mg/L - 4 4.5 4.5
Bicarbonate mg/L 146 134 146 159
Sulfate mg/L S3 39 44 40
Chloride mg/L 57 28 43 28
Total Dissolved
Solids mg/L 296 174 220 186
Fecal Coliforms MPN/100 mL 11,000 - - -
Eijkman Test - tve - - -

Note: All water quality data, except bacterological data, collected
October 2, 1984. Bacteriological data collected May 1984.
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Table 3.1-22. World Health Organization International Drinking Water Criteria
Water Quality Criteria
Maximum
Recom- Permissable
Parameter Units mended Levels
Arsenic mg/L -- 0.05
Chloride mg/L 200 600
Copper mg/L 0.05 1.5
Fluoride mg/L -- 0.6-1.78
Iron mg/L 0.1 1.0
Lead mg/L -- 0.1
Magnesium mg/L -- 150P
Manganese mg/L 0.05 0.5
Mercury mg/L -- 0.001
Sulfate mg/L 200 400
Zinc mg/L 5 15
TSD mg/L 500 1500
Total hardness mg/L CaCO4 100 500
Selenium mg/L -- 0.01
Color mgPt/L 5 50
Turbidity TU 5 25
pH 7.0-8.5 6.5-9.2
Coliform org/100 mL -- 1
Foaming agents (MBAS) mg/L 0.2 1.0

A Ambient temperature dependent.

b If sulfate <250 mg/L

Source:

World Health Organization, '1971.
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For the four existing steam units, the circulating water temperature
increase is 8-10°C; for the HRSG units, the circulating water temperature

increase is 7.5°C.

All units discharge low volume plant wastewater and sanitary wastewater to
the Indus River below the barrage. Steam Units 1, 2, 3 and 4 discharge low
volume wastes without treatment: a treatment (equalization and
sedimentation) basin was constructed as part of steam Unit 3, but is not
used. A sedimentation basin has been constructed as part of the existing
combined cycle units and will be used for treatment of any low volume wastes
generated by the units prior to discharge. Low volume wastewater is
discharged to the circulating water return ditch. No water quality data is
available for low volume wastes; however, no problems have been reported or

observed.

Currently, wastewater from the WAPDA colony is collected by sewer and
discharge to a series of off-site ponds. These ponds provide
sedimentation, bacteriological decomposition and organic stabilization of
sanitary wastewaters., If properly designed and operated, such facultative
and maturation ponds are an appropriate and reasonable technology for the

sanitary sewage treatment in this area.

Until recently, discharged sewage was not contained adequately by the ponds
and flowed by gravity toward a nearby village. This resulted in
surfacewater and groundwater contamination complaints by members of that

village.

Improvement of the wastewater ponds and associated dikes have containéd the
direct surface discharge of sewage. However, due to the site topography in
the immediate vicinity of the ponds, inadequately treated sewage still seeps
out through the pond berms and indirectly enters the surfacewater course.
Villagers still complain about the surfacewater and groundwater
contamination (e.g., sewage smell from well water). The existing ponds are
located outside of the 80 meter MSL flood protection bund which protects the
existing site and colony, and therefore, are subject to routine (annual)

flooding.
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3.1.2.2 Geology, Physiography, Topography and Seismicity

Natural elevation of the site is about 77.0 to 76.0 meters MSL (252.6 to
249.4 feet MSL), sloping gently from north to south. The natural surface
soll layers consist of thin alternating layers of silt and clayey silt, and
combined, varied in thickness from 0.5 to 2.0 meters. Substantial

disturbance in this layer due to local farming activity has occurred.

The existirg, developed industrial site has been filled to an approximate
elevation of 80 meters MSL (262.5 feet MSL). The thickness and density of
this fill varies significantly across the site, reflecting the quality and
limits of previous and ongoing fill work,

Beneath the surface fill material, natural alluvial river deposits can be
expected to at least a depth of 30 meters (98 feet) (i.e., the full depth of
a previous boring program). The underlying alluvial deposits are grouped
into two general strata. The upper stratum consists primarily of loose
silty fine sand and contains occasional layers of silt, particularly at the
higher elevations. The thickness varies somewhat from location tn location:
however, the loose conditions generally persist for 6 to 9 meters, or about
70.0 meters HSL.. Below the loose stratum a medium dense, medium to fine
sand can be expected. This stratum occasionally contains zones of fine sand

and less frequently very thin layers of fine gravel,

The site is located in Seismic Risk Zone 1 which corresponds with minor
damage and Modified Mercalli Intensities between V and VI.

3.1.2.3 Groundwater Resources

Groundwater systems beneath the site are dominated by the layered nature of
the alluvial material and the proximity to the Indus River and B.S. Feeder

Canal.

Natural groundwater elevations in the vicinity of the existing and proposed
site vary from elevation 74.75 meters MSL (245.3 feet MSL) during the winter
months to elevation 76.50 meters MSL (251.0 feet MSL) during late summer and
early fall. Higher elevations can he expected during severe flooding; lower

elevations can be expected during severe droughts.
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Generally, groundwaters are highly mineralized; ground water quality
decreases (i.e., increases in mineralization) with increasing depth. Very
shallow groundwaters will be of similar quality to waters of the Indus River
and B.S. Feeder Canal. A summary of shallow ground water quality for a tube
well near the existing combined cycle units {s presented in Table 3.1-23.
This well was reported to be approximately 46 meters (150 feet) in depth.
Industrial uses of groundwater at exlsting power plant are limited due to
problems associated with high mineralization. Groundwater is an
alternative supply source for cooling tower make up during low flow/drought

conditions.

3.2 ECOLOGICAL ENVIRONMENT
3J.2.1 Existing Communities

3.2.1.1 Plant Site

There are no significant ecological communities on the plant site. The
site is fully developed with the power plant, assoclated facilities, and
worker colony area. What vegetation there on-site is ruderal with weedy

species or with planted ornamental species. Acacia (Acacia nilotica) and

other trees are planted on the plant site in the residential areas for shade

purposes.

Wildlife of the plant site {s dominated by dogs, various species of birds
such as the house sparrow (Passer domesticus), and myna birds (Myna spp.);
rodents such as mice (Mus musculus) and rats (Rattus spp.);'and reptiles,
such as geckoo (Hemidaetylus spp.), skinks (Mabuya spp.), all associated

with the built environment,

3.2.1.2 1Indus River

The ecological communities of the Indus River can be divided into the
riverain communities along the Indus and the aquatic community of river
itself. Remnants of riverain forest occur in the Indus River north and
south of the Guddu Barrage. In their natural state, these communities

include bhan or poplar (Populus euphractica), babul or acacia (Acacia

nilotica) and mesquite (Prosopis cineraria). Acacia is the primary species

followed by mesquite. Waterborn seeds of tamarix (Tamarix dioica, and T.

articulata) and cane (Saccharum spp.) also occur in the riverain ferests and
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Table 3.1-23. Summary of Shallow Ground Water Quality at Guddu

Parameter Units Concentration
P-Alkalinty mg/L 0
M-Alkalinty mg/L 175
Total Hardness mg/L 255
Calcium Hardness mg/L 12
Magnesium Hardness mg/L 105
Chloride mg/L 48
Sulfate mg/L 580
Silica (as §102) mg/L 3.6
pH Units 7.4
Conductivity umhos/cm 1610

Note: Sample collected December 1987 for tube well near existing
combined cycle units., Total tube well depth was reported
to be approximately 46 meter (150 feet),

Source: WAPDA, 1988.

3-53

7t



88015-ESSA.3/54 -
08/29/88

compete with the other species (Kharal, personal communication). Dense
stand of cane ave found along the river bank. Along the levees, talil or

shisham (Dalbergia sissoo), is found. Irrigated agricultural areas occur in

the fldodplnin on the eastside of the Indus River south of the Gohtki Feeder
canal. An orchard (mangoes) is located Just to the northeast of the plant
site. Fish ponds are also found in the floodplain areas on the eastside of
the Tndus to the northwest. Two forest reserves, Ranuti and Gondak, occur
south of the Guddu Barrage. These areas, managed by the Wildlife and
Forestry Department, contain planted plantations of acacia. Harvesting of

acacia was observed along the river north of the Guddu Barrage.

In the past the riverain forests were important habitat for the gavial
(Gavialis gangeticus), crocodile (crocodylus palustris), otter (Lutra

perspicillata), hog deer (Axis porcinus), python (Pyton molurus), Indian
monitor lizard (Varanus bengalensis), fishing cat (Fells virerrina) and

Jungle cat (F. chaus). Because of the expansion of agriculture and forest
plantations most of the riverain areas have been brought under cultivation,
dried up or converted into managed forestry tracts and has resulted in a
drastic decline of these species. In the Guddu area the gavial has been
expurgated. The major wildlife habitats and typical specles are presented
in Table 3.2-1,

The Indus River {s a turbid river that has been altered hydrologically and
wiose flows are controlled. However, several species of fish including

palla or Indian Shad (Macrura ilisha), rohu or carp (Labeo rohita) and

singari or catfish (Myscus seenghala), Khagga (Rita rita) along with the

eel, thafia (Catla catla) occur in the river. These species are important
human and wildlife food resources. The Indus dolphin, otter and other
riverrain species depend upon these Fish specles. A4s the river level
lowers, fish are trapped Iin ponds and small lakes. Numerous species of
turtles including the hardshell turtle (Kachuga spp.), the crown turtle

(Hardella thurgi), and several species of softshell turtles (Lissemys

punctata, Chitra indica, and Trionyx gangeticus) can be seen along the banks

of the river as well as the feeder canals. Besides turtles, wild boar (Sus
scrofa) can be seen foraging along the river bank and within th'ekets of

Saccharum spp. grasses, as observed during the April site visit.
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Table 3.2-1,

General Wildlife Habitats of Guddu Study Area

Habitat

Distribution

Typical
Plant Species

Associated
witdtife

Indus irundation

Forests

Plains Irrigated
Plantations

Plains Irrigated
Aqriculture

Between the banks of the
active river-bed and the
floodplain banks of the
riverain tract along the
Indus River

Throughcut the plains of
Pakiston

Acacia nilotica, Prosopis
cineraria, Populus euphratica
Tamarix spp. and locally

spontaneum and Saccharum
bengalensa

Dalbergin sissoo with or without
Morus alba

Vheat, maize, millet, sorghum,

Night Heron, Coucal, Red
Munia, Black Partridge,
Yellow Eyed Babbler, Jungle
Cat, Hog Deer, Wild Boar,
Marsh Crocodile, Monitor
tizard

Yetlow Fronted Pied Woocpecker
tin canal-side ptontations),
Sind Pied Woodpecker, Spotted
Owlet, Jungle Cat, Wild Boor,
Jackal, Foxes

Yellow Fronted Pied Woodpecker,
Spotted Owlet, The tittle Brown
Dove, Collared furtle Dove,

Black Partridge, Grey Partridge

Source: Hodified from

Beg, 1975,
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The Indus River valley is one of the seven major migratory flyways for
waterfowl breeding in Northern Eurasia. Known as the Indus Flyway the
wetlands, rivers, canals, and ponds are important wintering areas for birds
from the lake districts of southwestern Siberia and Kazarhstan.
Approximately 75% of the waterfowl using the flyway in the winter (September
to May) stay in Pakistan (Ahmed and Ghalib, 1986).

During the winter, the river and surrounding marshes support large

populations of waterfowl including the pintail (Anus acuta), mallard (A.

platybrynchos), widgeon (A. penelopa), shoveller (A. clypeata), common
pochard (Aythya ferina) and tufted duck (A. fulipula), and wading birds such

as the common crane (Grus grus), grey heron (Ardea cinerea), and great white

egrets (Egretta alba). Egreets, herons, cormorants, and gallinules were
frequently seen along the borders of ponds, small lakes and marsiies of the

area. A number of ducks are endemlc including the spotbill duck (Anas

poecilorhyncha) and the cotton teal (Nettapus coromandelianus). These are
found through the the year in the area. A marsh and small brackish lake {s
found 3 km east of the plant Just south of the Gohtki Feeder canal. Hunting

of water fowl occurs there ouring the winter,

3.2.2 Endangered Specles

A number of endangered, threatened and vulnerable species occur in the
study area (Table 3.2-2). None of these species are found on the plant
site. These species are potentially found in off-site habitats such as the
Indus River. The most prominent endangered species {s the Indus dolphin

(Platanista indi) which occurs on the south side of the Guddu Barrage. A

Indus dolphin preserve occurs from the Guddu Barrage south to the Sukkur
Barrage. Approximately 450 dolphin habitate in this stretch of the river.
This population is considered the largest population in the Indus and the
most viable. Dolphins congregate in small groups or schools of up to ten
individuals. These schools generally stay in the same area. Several
dolphin were seen feeding below the gates during the April visit. Dolphin
are not known to enter the Gohtki Feeder canal which provides intake water
for the power plants. They gencrally prefer the slow but regularly moving
turbid water at least two to five meters In depth. They remain in the

mainstream near the Junction of rivers, and eroded banks (Ahmed, personal
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Table 3.2-2, Endangered, Threatened and Vulnerable Species Potentially Occurring
fn the Study Area

Scientific Name

Common Name

Status

Potential Habitat/
Locality

Falco peragrinus

MAMMALS

iverrina

Felis
Axis porcinus

Platanista ind{

Gaxialls panpeticus

Python molurus

Trionyx gangeticus

Vulnerable - taxa believed to move into Endangered category in

Spotbill Duck

Sanus Crane

Pevogrine Folcon

Fishing Cat
Hog Deer

Indus Dolphin

Mugghr

Gharial

Indian Python

Indian softshell
turtle

Endangered-GOP

Endangered-GOP

Vulnerable IUCN

Endangered-GOP
Endangered-GOP

Endangered-GOP
Threatened-1UCN

Vulnerable-IUCN

Endangered or

Extinct

Vulnerable-TUCN

Endangered-GOP,

Usa,

IUCN

rivaerain areas-open
water, migrant

riverain

Indus floodplain

riverain area
riverain forest

Indus River

Indus River canals,
marshes
Indus River, marshes

Indus floodplain

riverain area

causal factors continue operating,.

Source: U.§

U, 1986,

Department. of Interior, 1985,
Zoojogical Survey Department, 1986.
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communication). They do breed in side channels. The dolphin is a fish

eater with mali, singari, and m.raka its primary food (Pilleri, 1980).

3.3 SOCIAL, CULTURAL, AND INSTITUTIONAL ENVIRONMENT

3.3.1 Socioeconomic Characteristics

3.3.1.1 Plant Site and Area

The Guddu Thermal Station s strategically located {n an isolated, desert
environment. Tt {s situated on the right bank of the Indus River about
twelve kilometers from Kashmore, a predominantly Hindu community west of
Guddu. Guddu began as a small village along the asphalted road from Sukkur
to Sadiqabad. It has increasingly gained importance since the construction
of the Guddn Irrigation Barrage in 1963 which has continued since the
construction of the central thermal combined cycle power station. The site
is geographically situated in the center of Pakistan and equidistant from
the Sind, Raluchiszan and Punjab provincial boundaries. The area is
naturally predisposed to power plant development in that there are ample
freshiwater supplies available from the Indus River through the Begari Sind,
Pat Feeder, Ghotki canal network for cooling and plant service purposes,
Horeover, the sfte's location relative to the Ma: { and Sui natural gas
flelds corplement the siting strategy. Yet the effects of potential
environm. 1 and ecological hazards/catastrophes are greatly minimized by

virtue of {ts remnte location.

Skoda Export of Czechoslovakia, Technopromexport of the Soviet Union, a
Chinese firm, and General Electric of the United Stutes are the expatriates
that have contributed construction and operational expertise of the power
station. This expatriate I{nvolvement, acting in concert with WAPDA and GOP
energy programmes, has transformed the Guddu landscape over the last two

decades.

Planned {nfrastructural development has been systematically included within
the physieal plant area and i{ts {mmed{ate surroundings since 1970, Living
quarters, a merchants' district, a medical facility, schools, securlty
system, transportation networks, and mosque are located within the Guddu
power plant site. Coods and services, as well as people, are principally

transported via the recently asphalted road running from Sukkur to

3-58



88015-ESSA.3/59
08/29/88

Sadiqabad. The basic services for all levels of socioeconomic strata are at
least minimally met by WAPDA, Sind Province, and Jacobabad District. Large
landowners and business/entreprencurial contractors figrre prominently into

providing for the basic human needs of those at lower socioeconomic levels,

3.3.1.2 Demography

The population of Sind Province has increased nearly three times since the
first population census of Pakistan in 1951. In 1981, the population was
19,029,000 compared to 6,048,000 in 1951, resulting in an increase of 215
percent [Population Census Organization (PCO, 1984a)]. The population of
Punjab Province has more than doubled since the first pupulation eensus. In
1981 it was 47,290,000 compared to 20,554,000 in 1951, resulting in a
moderately high {ncrease of 130 percent (PCO, 1984b). Baluchistan Province
has quadrupled {ts population since the 1951 census. The population was
4,332,000 in 198! compared to 1,167,000 in 1951, resulting in almost a 300
percent increase (PCO 1984c). The area, population, and density of

Pakistan and the Sind, Punjab and Baluchistan are portrayed in Table 3.3-1.

The three districts within Sind province that are proximate to the Guddu
Thermal Station are: Jacobabad, Sukkur, and Shikarpur. The area,
population, density and household size within these districts are shown in

Table 3.3-2.

There are two districts within Punjab province that are close to the
thermal station: Dera Ghaz{ Khan and Rahim Yar Khan. The area, population,
density and household size by districts within these districts are shown in

Table 3.3-2.

There are two districts within Baluchistan province that are near to the
thermal station: Kohlu Agency and Nasirabad. The area, population, density

and househnld size for these districts are shown {n Table 3.3-2

The populatioen within about a five kilumecer radius of the thermal station
Is about 15,000. This population Is comprised of WAPDA employees and their
families, construction workers under contract, irrigation construction and

maintenance personnel, retailers in the bazaar area and the main street
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pble 3.3-1. Growth, Density and Distribution of Population

Fovince Area Population Population Urban Armual Household
(sq km) (In thousand) Density Population Growth Rate Size
(Percentage) (Percentage)
1972 1981 1972 1981 1972 1981 1972-81 1972 1981
KISTAN 796,095 65,309 84,253 82 106 25.4 28.3 3.1 6.4 6.7

100y (100) (100)

njab 205,344 37,610 47,292 183 230 24.4 27.5 2.7 6.4 6.4
(25.8) (57.6) (56.1)

nd 140,914 14,156 19,029 100 135 40.4 43.3 3.6 6.2 7.0
7.7y  (21v.7) (22.6)

luchistan 37,190 2,429 4,332 7 12 16.5 15.6 7.1 6.3 7.3
(43.6) (3.7 5.1

urce: Pakistan Census Organization, 1984,
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Table 3.3-2. Area, Population, Density and Household Size by Districts Near the
Guddu Site, 1980-81
District Area Population Population Household
(sq km) Number Percent Density Size
(persons/sq km)
SIND 140,914 19,028,666 100 135. 7.0
Jacobabad 5,278 1,012,476 5.32 191. 7.3
Sulckur 11,093 1,098,240 5.77 99. 6.9
Shikarpur 2,841 619,576 3.26 218. 7.7
PUNJAB 205,344 47,292,441 100 230. 6.4
D.G. Khan 24,240 1,582,584 3.35 65. 6.6
Rahim Yar 11,880 1,841,451 3.88 155 6.1
Khan
BALUCHISTAN 347,190 4,332,376 100 12. 7.3
Nasirabad 5,832 394,454 9.10 67. 7.0
Kohlu 17,770 175,090 4,04 9. 6.7
Source: Pakistan Census Organization, 1983,
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merchants' district, tenant and subsistence farmers, large landowners
(zamindars) and their families, fishing community members, squatter
settlements, and the expatriate labor force. These potentially affected

populations vary ethnically and socioeconomically.

There are about 6,500 people within the WAPDA/ Guddu compound. An estimated
3,500 people inhabit the merchants' district in Guddu. The fishing
community near the Guddu Barrage numbers around 2,600. The Pathans and
Sindhis living along the Begari Sind Feeder and Pat Feeder canals number
about 1,500. The Pathan tent community on the Sukkur-Guddu Road numbers
about 500,

3.3.1.3 Employment and Economy

The economy within a ten-kilometer radius of the Guddu plant site {s based
primarily upon agriculture and livestock domestication. However, the nature
of agricultural productivity 1s based upon tenancy, sharecropping, and
subsistence agriculture. Meaningful agricultural statistics for this area
do not exist. The availability of data on herd sizes and animal husbandry
1s unknown. Fish netting at the commercial and subsistence levels is an

Important primary economic activity near the plant site.

The combined cycle power plant construction force for the years 1985
through 1988 is broken down as follows:

1) The work force was about 600 for Lot 1A/1B (1985,1986, and the
first half of 1987). 1In addition, there were about 500
contractors on the site for the same time period,

2) The work force has heen about 1,000 for Lot 4 (June 1986 through
June 1988). In addition, there were about 500 contractors on the

site for the same time period.

The total number of workers for the operational phases is broken down as
follows:

1) 2,396 for steam units 1, 2, 3, and 4; and

2) 621 for the 450/600 MW GCP.
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The current payroll for the WAPDA/Guddu staff (excluding GE contract
workers and 300 MW operational staff) is 6,773,00 Rs/month (US$386,587 at
April 1988 exchange rate of 17.52Rs/1US$).

Electricity generation and transmission at the thermal station creates a
multiplier effect in local industries and commerce. The Mari and Sui gas
pipeline employees, as well as canal maintenance and power plant
construction workers are dependent on thermal station productivity and
expansion. The Guddu merchants' district is likewise dependent upon retail
and bulk sales and service to power plant employees. Pathans, which manage
many of the approximately 400 or so stalls at the merchant's district, also
manage the donkey teams which carry dredged fill for upgrading or diking at
the plant site. There are numerous other support services generated from

power plant activities.

3.3.1.4 Transportation

The Guddu Power Development Project is locate&‘along the Guddu-Road which
connects to the National and Indus highways. The estimated traveling
distances between selected points on the Super (National) Highway are:
Khanot to Hyderabad (45 km); Khanot to Karachi (160 km); Khanot to Guddu
(300 km); Khanot to Lakhra (15 km); Karachi to Sukkur (491 km); Sukkur to
Guddu (140 km); and, Sukkur to Multan (454 km).

Traffic counts on the Indus (located on the east bank of the Indus) and
Super (National) Highways were made in early 1986, but the data are not yet
available. The Sukkur-Guddu Road is a heavily trafficked segment thatllinks
Sind, Punjab and Baluchistan provinces. It is a very narrow asphalted stvip
(5 m or less) without road shoulders or turnouts. The edges of the roadway

have been broken off in several areas.
There are several truck stops along the Sukkur-Guddu Road. The Hindu
communities of Kandhkot and Kashmore sell gas and diesel fuel, and provide

engine and repalr service.

Motorized transport involves buses, vans, trucks, cars, and motorcycles.

Scores of generally overcrowded buses and vans can be counted daily on this
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road. Non-motorized modes of transport include a variety of large domestic
animals (i.e., horses, camels, oxen, and donkeys) that are either ridden or

pull two- and four-wheeled carts carrying passengers and/or goods,

The actual number of vehicle accidents on this road daily is not known.
Poor road conditions and the mixing of motorized and animal traffic on the
same roadway are very hazardous. Poor driving skills and vehicle quality

are chronic problems in any rural developing area.

The road system {s going to be upgraded from Hyderabad to Peshawar. This is
part of the Master Plan for the Indus Right Bank Highway system. The GOP
wants to start this project early next calendar year; the completion date

for this highway system upgrade is 1996,

Axle loadings of heavy equipment transporters heavily overload the Indus
Highway. However, due to the weight restrictions on the Kotri Barrage,
transport permits on the Indus Highway have been allowed. Road repalr crews
travel with heavy equipment transporters to repair any road surface that {s

damaged and prepare any road or culvert diversions.

Weights and dimensions of items of heavy equipment (over 50 tons) that are
brought up from Karachi are (dimensions and welghts are approximate):
1) Gas turbines [3.7 x 3.7 x 11 meters (12 X 12 X 36 feet)] weighing
about 20C tons hauled on speclally-designed flatbed trailers:
2) HRSG economizer section [19 x 5.2 x 4.3 meters (62 X 17 X 14
feet)] at 270 tons;
3) HRSG superheater section [19 x 3.7 x 5.2 (62 X 12 X 17 feet)] at
227 tons;
4) HRSG elbow duct [19 x 5.5 x 9.1 (62 X 18 X 30 feet)] at 60 tons:
5) Generators (3.7 x 3.7 x 9.1 (12 X 12 X 30 feet)] at 270 tons; and,
6) Remaining equipment and accessories are transported in pleces and

welgh less than 50 tons.

The procedure for transporting heavy equipment used at the power plant is
similar to the recént transport of combined cycle equipment along the Guddu-

Sukkur Road, in April 1988. oOn April 24, 1988, a Speedways heavy equipment
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transporting team parked their vehicles just off the road near the proposed
expansion project at Guddu. They wera carrying a French-made pas turbine
(203 tons) and an HRSG over to Multan. The team left from Karachi on April
11, 1988, and were traveling in the early morning hours to avoid heat and
traffic congestion. The crew was comprised of drivers, mechanics, line
lifters, and electrical utility technicians. A fuel reserve truck
accompanied the convoy. Weight displacement of the flatbed hauling the gas
turbine was said to be correctly measured given overall road conditions from

the Port of Karachi.

Speedways is the heavy equipment hauler of preference for power plant units
and accessories. They have hauled most of the units to the Guddu Therinal
Station and they will probably be called upon to carry the units for the 300

MW expansion.

The Sukkur Alrport was linked Into the computerized reservations system of
Pakistan International Airways in late April 1988. This is a small yet
strategically located airport with 39 scheduled flights per week. Fokkers,
Twin Otters, and Boeing 737s are the usual modes of transport at this

airport. High security i{s maintained on a 24-hour basis.

Rail service is provided via a single line, broad gauge, Pakistan Railways
track that runs parallel to the Sukkur-Guddu Road. There are several

station stops, including Kashmore.

3.3.1.5 Facilities and Services

SECURITY

There is a considerable security network within the WAPDA/Guddu compound,
and along the compound perimeter, the Guddu-Sukkur Road and the feeder roads
leading to small villages. The security of the area involves military and
provincial police, and night watchmen. Most power plant guards and

gatekeepers are armed,

The monitoring and control of professional banditry (dacoity) in Pakistan
have been the responsibility of the provinecial government. Dacoit activity
Is prevalent in the Sukkur Division. One dacoit incident on the Guddu-
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Sukkur Road involved a small dacoit group holding up one power plant driver.
They were able to stop his vehicle by placing obstruction on the road. The
roles of the police in dacolt operations are complex and controversial.
Dacoity receives daily press exposure since the bandits engage in a spectrum
of {llegal activities throughout Pakistan. Plant security and constant
night vigils on streets are effective deterrents to terrorist, saboteur, and

dacoit operations.

LITERACY AND EDUCATIONAL ATTAINMENT

Pakistan's literacy ratio has increased from 21.7 per cent in 1972 to 26.2
percent in 1981, {.e., at an annual rate of a half percent (PCO, 1983).
There are sharp differences in the literacy ratio of male and female
populations. Similarly, there are dramatic differences in rural and urban
literacy. The ratio ranges from 55.3 percent for urban males to a low of
7.3 percent for rural females (PCO, 1983). There are also differences among
provinces. Sind has the highest literacy ratio (31.5 percent), followed by
the Punjab (27.4 percent), the N.W.F.P. (16.7 percent) and Baluchistan (10.3
percent). The recently launched project, "Naf Roshni Schools 1986-1990" ig
expected to enhance literacy in rural areas. Several schools will be
organized in existing school buildings in the Sukkur Division targeting
flliterates in the 10-14 age group (Ministry of Finance, 1987; PCO, 1983).
There are three levels of education available in the WAPDA/Guddu compound:
1) primary (grades 1-5); 2) high school (grades 6-10): and, 3) college
(grades 11-12). There are 1500 students in primary school (ages 3-8 years
old). There are 800 students in the two high schools (ages 9-14 years old).
There are 120 students enrolled at the college level (ages 15-17 years old).

These students are exclusively WAPDA employees' sons and daughters.

HEALTH CARE

There are many health problems in the Jacobabas District because the people
generally are confronted with inadequate nutrition in an unsanftary and
overcrowded environment. This Is compounded by poor access to a very
limited supply of health manpower. In 1981, this district had five
hospitals with 208 beds, 29 dispensaries with 32 beds, three rural health
centers with 24 beds, three sub-health centers, four maternal and child

health centers, and one tuberculosis clinic (PCO, 1983a).
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Health care availability within the Guddu compound is remarkably good.

There are twelve licensed doctors practicing at the WAPDA/Guddu hospital.
There are eight male general practitioners and/or specialists, including the
Chief Medical Officer/Superintendent. There is one male dentist/dental
surgeon. There are three female doctors and three female nurses. The
paramedic/orderly support staff numbers 70. This is not a teaching hospital
or research institution so it does not have any medical interns from
Pakistani universities. There are regularly scheduled seminars updating the
medical personnel on techniques and procedures. Health care statistics are

presented In Table 3,3-3,

Worker accessibility to health care is a reasonably effective process.
Non-WAPDA patients are admitted for treatment on a nominal fee-for-service

basis.

The hospital is fully equipped to deal with occupational hazards and basic
preventive medicine and dentistry. Child immunization programmes, ra.lical
surgery and intensive care facilities, and the blood transfusion center are

very effectively run. There is a shortage of female nurses.

The epidemiclogic profile of the WAPDA/Guddu compound is fairly typical of
developing rural areas. There is a high prevalen:ze of gastrointestinal
infections due to water and spoiled food, tuberculcsis due to overcrowding,
upper respiratory infections due to temperature changes, kidney and bladder
problems due to dehydration and nutritioral imbalances, and especially
chronic, end-stage diseases due to a lack of health education and awareness
leading to early diagnosis, prevention and cure. Typhoid and malaria are
common public health problems. Unlicensed and folk medicine is still
highly prevalent in the more traditionally-minded families. Also, rural

midwifery is managed mostly by unlicensed/uncertified women.

EMERGENCY EVACUATION PROCEDURES

A plan for the mass evacuation of the human population from the power plant
site does not exist. The containment and control of natural gas fires and
electrical fires at the power plant site are written up in standard

operating procedures. There has not been devastating environmental
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Table 3.3-3. Health Care Utilization Statistics, WAPDA Hospital

Outpatient Inpatient Surgical Vaccinations
Operations EPT*
1986 36,150 418 276 1930
1987 37,258 510 315 2318
Net Increase 1,108 92 39 388

Inpatient Load

Expenditures on Construction and Medical Equipment for WAPDA Hospital

(as of April 22, 1988)

Civil Works
Medical Equipment
Alr Conditioning

Total

(In millions Rs)

4.00
1.05
3.03

8.08

(456,

621 US$ at 17.52/1US$)

* Early Pregnancy Intervention
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catastrophe at the power plant since its inception, but there was a major

fire in a generator in 1974 and two more fires in 1578,

3.3.2 Land Use
Figure 3.3-1 presents a land use map within 10 km of the Guddu plant
complex. The following subsections present land use characteristics of

this area,

3.3.2.1 Agriculture

Pakistan's major export product is cotton. Sugarcane, low-quality rice for
domestic consumption, and high-quality rice for export are cultivated in a

fertile agricultural belt that runs from the northeast outside of Lahore in

Punjab into the southeast of Sind. These crops are not grown near the power

plant.

Agricultural productivity in the Guddu area {s low because of waterlogging
and high salinity. Aside from subsistence and sharecropping of wheat, there
is no large-scale cash-cropping in the ten-kilometer radius around the power
plant. There {s some mixed farming and rotational cash-cropping of rice,
wheat, cotton and chickpeas about eight kilometers east of the power plant
along the Guddu-Sadiqabad Road. Irrigation water {s avaflable from the
Ghotki Feeder Canal.

A number of small garden plots are cultivated by WAPDA personnel within the
compound and in some of the outlying settlements. The rural conditions to
the north and west of the power plant prove too harsh for any viable

cropping.

There 1{s a small mango orchard growing on the eastern side of the feeder
canals about 1.5 km from the center of the power plant. It {s surrounded by
dikes (bunds) on three sides. This small grove is anomalously sftuated far
west of Pakistan's renowned "mangn belt" which runs from Multan in Punjab
down into southeastern Sind. This orchard near the bund of the Pat Feeder
Canal near the Guddu Barrage {s 150 m wide by 600 m long with elevations
ranging from 65 to 75 msl. It has 212 mango trees of varying size and age.

There are no crops growing underneath the shade of the mango trees. The
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property and the trees are owned by the Irrigation Department and they

lease the rights to harvest Lhebtrees yearly to a Guddu farmer for the sum
of 7,000 Rs. Pilferage is minimized by watchmen. Watchdogs in the nearby
Sindhi settlement are especially aggressive at night. Moreover, the north
side of the orchard {s occupied by Irrigation Department amployees who also

protect their Irrigation Department's investment.

3.3.2.2 Livestock Domestication/Herding

Accurate data on livestock counts does not exist for this portion of the
Jacobabad District. There are many sedentary agriculturalists who also
manage small herds of water buffalo, cows, goats, sheep, donkeys, and
camels. However, internal migration among the three provinces of
Baluchistan, Punjab, and Sind is high and people typically move with their
animals. Data on nomadic herding and transhumance activities in the area is

not available.

There are some water buffalo within the WAPDA/Guddu compound. They are
usually tethered near the living quarters. The largest single herd of
animals confined to a small area near the power plant is the donkey teams in
the Pathan tent-camps, There were 18 donkeys at the watering trough in mid-
April 1988. They are hired out to haul out dredged material from the canal
network and the Indus River. These donkey teams are instrumental in hauling

fill over short distances to upgrade site elevations and fortify dikes.

There is no large-scale poultry industry in Guddu. Most poultry meat is

imported from larger marketplaces. There is one slaughterhouse in Guddu,

3.3.2.3 Fishing

The primary function of the Indus and assoclated feeder canal system in the
Guddu area is to serve power plant operation anc irrigation, Protective
dikes (hunds) normally extend over several thousand acres, as demarcated in
Figure 3.3-1, These dikes influence surface water patterns on the Guddu
landscape which, in turn, influence land use and vegetation type. Surface
water channels serve numerous secondary functions, one of the foremost being
that of providing fishing opportunities. There are vast tracts of land that

are leased as fish ponds for commercial netting by contractors and their
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crews. There are also large and small fishing communities that work the

Indus River with boats in the Guddu area.

The most established fishing community in the Guddu area is situated
downstream from the Guddu Barrage at the southernmost extension of the
Guddu Thermal Station. This community, Abdullah Bhatti, has relocated
itself several times within this segment of the Indus River over the last
35 years. The fishermen have be-n living at the current community site for
three years. There are members of this same community who live exclusively

on their boats,

The current headman of the community is employed by WAPDA at the Guddu
facility. The total population of this community including one isolated
settlement is approximately 2,560. Theve are about 300 thatched huts in a
0.6 sq km area and the average family size is nine persons., The linguistic
breakdown of the community is about 60 percent Sindhi, 30 percent Siraiki,
and 10 percent Punjabi. They adhere to a moderately rigid caste system. The
physical layout of the community reflects social and cultural distinctions.
There are three settlement areas: 1) the village houses that are located on
the higher ground above the bund; 2) the boat people who live on their boats
and on the shoreline below the bund; and, 3) a small settlement 0.4 km

further downstream from the main settlement area.

The economic livelihood of this fishing community depends upon their
ability to catch fish in the river and the canals, They subsist mainly on
fish, they do not engage in any agricultural activity. The relationship of
their headman with the local contractor who has leased fish ponds near the
village is very important for employment opportunities. This contractor
(thekedar) uses the fishermen pool of labor when he sets his small fleet of
boats upon the fish ponds. He i{s a major source of employment for this
community since only about 30 community members are employed at the power

plant.
There are about 50 fishing boats (kashtis) of varying sizes, The boats

that are bullt on the shoreline in front of the bur.d are constructed of a

mountain pine transported by trucks/lorries from Kashmir. The 1976 flood
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did not affect community structures above the bund but it did destroy many

of the docked boats.

3.3.2.4 Wildlife and Natural Vegetation Habitats
There are no national parks, wildlife sanctuaries, or game reserves in the
Guddu area. Scrub vegetation predominates the area; there are riverain

forests near the fish ponds 3.5 km southeast of the power plant.

3.3.2.5 Forest Reserves

There are no known forest reserves within a ten-kilometer radius of the
power plant. Rosewood trees (shisham) line the north-south running feeder
canals near the prwer plant, as indicated in Figure 3.3-1. These trees
fortify/stabilize the embankments of the canals and they also serve as
windbreaks during seasonal high winds and duststorms and provide shade for
workers during break periods. These trees are not harvested unless they are
diseaserl or are obstructing building plans. It is a prosecutable offense to
cut down such trees in Sind. WAPDA and the Irrigation Department regularly

advertise {n the Pakistani newspapers for bids to harvest forest reserves.
There are riverain forest areas a several kilometers from the power plant
that are exploited for bLirushwood. Brushwood is usually used for fencing

around compounds and kindling for firewood cooking and heating.

3.3.3 Cultural Resources

3.3.3.1 Cultural Diversity and Ethnicity

The traditions and culture of Pakistan have roots going back thousands of
years to the Dravidian-based Indus Valley Civilization. That foundation has
been modified by Aryan, Turk, Greek, Persian, Afghan, Arab, Moghul, British,
and tribal influences over the centuries. Although there ic a commonality
of principles guiding socilal behavior and Islamization is being implemented
throughout the country, ethnic diversity and separateness among the four
major grovups (Baluchis, Pathans, Punjabis, and Sindhis) is very prominent.
There is also a large Hindu population between Sukkur and Guddu, the largest
concentration being in Kandhkot (about 40,000).
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People ranked on the higher level maintain a separateness from those lower
than themselves and when interaction does take place it is governed by
strict social norms, based on the concepts of separatfon and hierarchy.
Separateness is demonstrated by the fact that ethnic groups prefer living in
residential areas with their own kind. Patkans prefer living among their
people rather than being interspersed with Baluchis; and, in villages,
Baluchis have their own areas while Sindhis stay in their territory. Within
these larger groups, caste and kin groups tend to cluster. Living among
one's own kind is {important in the WAPDA/Guddu compound, the compound

perimeter, and rural outlying areas,

3.3.3.2 Historical and Archaeological Resources

Pakistar enjoys a high international position in the history of past
achievements by virtue of possessing the greatest vestiges of the first
three mature civilizations of the world. Traces of the Indus Valley
Civilization can be found in the ruins of Moeit=jo-Daro, Amri (on the right
bank of the Indus in S$ind), Kot Diji (on the left bank) and further up in
the plains of the Punjab (near the city of Sahiwal), the remains of Harappa.
Later day evidence of organized civil life and thriving cities is borne out
by the ruins of Taxila in the Haro Valley, some 30 kilometers west of

Islamabad. The rock carvings of Hunza have been acclaimed worldwide.

Many of the existing structures on the Sukkur-Guddu Road have been
constructed in the late 20th century. Guddu and the Guddu Thermal Station
are likewise recent. Significant historic or archaeological sites, places,

or structures have not been identified in the Guddu site area.

3.3.4 Existing Guddu Project

3.3.4.1 Primary and Secondary Infrastructure Development

The development over three decades has been significant. Numerous
facilities, such as schools, medical facilities, mosques, recreational
parks, and clubs, have been developed to ameliorate worker conditions.
Higher wages and special compensations stabilized the labor force at all
levels. The quality of life and fulfillment of basic human needs at the
thermal station and its surroundings is reflected in the status of existing

primary and secondary infrastructures. Guddu is a thriving area because of
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enhanced public and private sector investments in human resources. The
infrastructural development that has accompanied these investments are

presented in the following paragraphs.

HOUSING/SHELTER

T 1e WAPDA worker colony provides adequate housing for employees. Living
quarters have brick and/or block walls, high ceilings, windows, and one
door. Electricity is provided to each unit by WAPDA; each unit has its own
meter. There are bachelors' and family quarters. Water aud sewer service
is available for each unic. Outside the compound, water is available via

hand pump.

The WAPDA officer and expatriate residences are usually single-family
dwellings with small front yards and gardenspace. Afir conditioning is a
prohibitively expensive luxury for lower and mid-grade WAPDA employees
because of the unit's retail price and the cost of maintenance in a
seasonally high-temperature, duststorm-prone environment. Electric fans are

a cost-effective alternative.

Housing on the compound perimeter is typical of a rural Pakiétani design.
House types can vary from single-room dwellings to small fortress-like
citadels. The materials used in house construction also vary. Baked brick,
bleock, brushwood, wattle-and-daub mixtures, and stone are some of the more
prominent building materials. Tents surrounded by brushwood are commonplace
near the compound. Sindhis, Punjabis, and especlally Pathans pride
themselves on the quality and quantity of their draft animals. Usually the

animals are tethered near their living quarters.

WATER
Water is the lifeblood of this ocasis-like environment at Guddu. The feeder
canals from the Indus River provide for usual freshwater uses and

activities, such as bathing, washing, and drinking.

Potable drinking water (WHO Standards) is not available to local

populations. A series of 14 handpumps are used in the merchants’ distriet.
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Spigot water is available in the worker colony and WAPDA officer and

expatriate residences. There is no water treatment facility.

SANITATION
Garbage is normally piled in the street and burned regularly. There are no

garbage plickups or landfill sites.

Sewage disposal for the WAPDA/Guddu compound is discussed in subsection

3.1.2.1. There are no other central collection systems in the area.

MEDICAL FACILITIES

The WAPDA/Guddu hospital is a 50-bed facility 1.5 km from the power plant.
Dr. Kasi has been the Chief Medical Officer for this hospital since its
inception in 1969. The hospital has been constructed in three phases, onlv
interrupted seriously in 1971 with the Pakistan-India War.

There are two interrelated concepts of health services provision at this
hospital: preventive medicine and primary health care. This 1s a hospital
for workers employcd by WAPDA since worker productivity depends upon health
status. However, the balance of the non-WAPDA community has access on a

nominal fee-for-service basis.

The hospital provides a comprehensive, full-service of surgery
specializations: general, gynecological, ENT, ophthalmological, and

dental. Surgery is generally thought to be the preferred mode of treatment
in rural, developing areas. The rationale is that skilled and unskilled
worker labor and peasantry cannot withstand the financial hardships incurred
by taking time off from work with follow-up visits that involve symptomatic
treatment. Physical accessibility to the clinic and a myriad of cost
factors must be weighed in requiring follow-up visits. Hemorrhoidectomies,
hernia repair, and kidney stone removals are generally recognized as "oncg-

through" visits,

Moreover, road conditions, even metalled road conditions, preclude the
possibility of acute/traumatic patient transport to Sukkur or Rahim Yar
Khan,
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There is a serious shortage of female nurses at the Guddu medical facility.
As 1s the case with all ranks of medical personnel in Pakistan, many of them
seek out the higher salaries and higher standards of living in the major
cities of Pakistan or expatriate within the Gulf region.

The hospital has a blood transfusion center but neither a blood nor plasma
bani.. Their system of blood and plasma acquisition is based upon the WAPDA
worker pool and the Guddu community. Blood and blood components can be
provided quickly for emergency or next-day surgery. Relacives invariably
donate in behalf of the patient; however, if this is not expedient, blood
can be found quickly in the WAPDA compound (Dr. Kasi, personal interview).
Blood banking i{s critically dependent upon refrigeration; power outages are
frequent and backup generators are a rarity. This system, if blood type and
HIV antibody screening are done properly, 1s probably the most efficacious
way to manage the supply and demand for blood products for a company

hospital.

The statistics for frequency of visits and reasons for visits have not yet
been compiled due to the pressing need for completion of the third

construction phase of the hospital,

RELIGION

Islam is the primary religion of the WAPDA/Guddu compound. The number and
quality of mosques on the Guddu area provide visible manifestation of the
Pakistani adherence to Islamic principles. There are four mosques in the
WAPDA/Guddu compound and 20 much smaller mosques in the 1.6 km long
merchants’ district strip on the Sukkur-Guddu Road. Hundreds of small

mosques line the route to Sukkur.

TRANSPORTATION

The cost of cars and motorcycles/scooters preclude vehicle ownership to all
except a small fraction of the population. The us'al means of
transportation from Guddu to larger marketplaces is by bus or van. Non-
motorized transport ranges from draft animals pulling carts to bicycles and

walking.
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Transportation to and from the power plant for WAPDA workers is provided at

scheduled times.

FOOD

Within the Guddu plant compound, many of the WAPDA employees have vegetable
garden plots, averaging 35 square meters. There is subsistence cropping
done outside the compound near canal freshwater suppliés. Meat, poultry,
and dairy products are generally iﬁported into the area from larger
marketplaces. Inadequate refrigeration and air conditioning systems
preclude perishables storage. Fish are commercially netted in nearby fish
ponds, but prices are generally too high even for WAPDA families.

There is a small bazaar area within the compound that offers a range of
goods and services. There are several small concession stores that operate
throughout the compound area. Perishability due to inadequate

refrigeration facilities, is a serious problem,

3.3.4.2 Changes in Lifestyle, Cultural Patterns and Attitudes

Ethnicity plays a major role in determining the cultural patterns on the
Guddu landscape. Pathans are stereotyped as the business/entrepreneurial
group. They run many of the business operations in the merchants' district

and they own and manage the draft animal contracts.

The degree of animosity among or within groups does not generally rise
above a trip to the Civil Complaining Office. Worker morale, productivity,
and civility at any individual or social group level can become strained in
a harsh, remote environment. However, Guddu is now a physically accessible
location with a fully developed infrastructure; as a result, there was
evidence of soclal group adjustment and adaptation to work and home

environments.

3.3.4.3 Project Needs

The concrete work on the backup cooling tower for the 450 MW unit was
nearing completion in late April 1988. The mechanical work on the cooling
tower should take about two months. Once completed, the construction

workers will be released from their jobs. Many of the workers will most
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probably be anxious to secure employment in the construction;phaéé:of the
300 MW expansion. 1In any event, their needs must be considereﬁQ'
Operational personnel for the 450 MW have been on the job for some time.
Expatriate involvement in the 450 MW will decrease dramatically in late May
or early June 1988 due to contract expiration. The need for qualified

replacement of expatriates is essential to productive power plant operation.
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4.0 ENVIRONMENTAI IMPACTS OF THE PROPOSED PROJECT AND ALTERNATIVES
4.1 PHYSICAL ENVIRONMENT )

4.1.1 Aflr Quality

4.1.1.1 General Modeling Analysis

Air quality impacts from the proposed 300 MW gas turbine combined cycle
(GTCC) units and other sources were predicted using USEPA-approved air
dispersion models. The selection of a model was based on its applicability
to simulate impacts in areas surrounding the plant. Within 10 km of the
proposed power plant site, the terrain can be desgribed as "simple"
terrain, i{.e., flat to gently rolling. As defined in the USEPA modeling
guidelines (USEPA, 1987b), simple terrain {s considered to be an area where
terrain features are all lower in elevation than the top of the stack(s)

under evaluation.

For simple terrain, the Industrial Source Complex (ISC) model can be used to
predict maximum air quality concentrations due to the proposed sources. The
ISC model (USEPA, 1988a) is a Gaussian plume model which can be used to
assess the air quality impact of emissions from a wide variety of sources
associated with an industrial source complex. The model is contained in
USEPA's User's Network for Applied Modeling of Air Pollution (UNAMAP),
Version 6 (USEPA, 1988b). The model is applicable to sources located in
either flat or rolling terrain, where terrain heights do not exceed stack

heights,

The ISC model consists of two computer codes which are used to calculate
short- and long- term ground level concentrations. The main differences
between the two codes are the input format of the meteorological data and
the method of estimating the plume's horizontal dispersion. The ISC short-
term model (ISCST), an extended version of the Single Source (CRSTER) Model
(USEPA, 1977), is designed to calculate hour-by-hour concentrations or
deposition values and to provide averages for time periods of 2, 3, &4, 6, 8,
12, and 24. If used with a year of sequential hourly meteorological data,
the ISCST model can also calculate annual concentration or deposition
values. The ISC long-term model (ISCLT) is a sector-averaged model that
extends and combines basic features of the Air Quality Display Model (AQDM)
and the Climatological Dispersion Model (CDM). The long-term model uses
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statistical wind frequencies to calculate seasonal (quarterly) and/or annual
ground-level concentration nr deposition values. Both ISCLT and ISCST use

either a polar or a Cartesian receptor grid.

In this analysis, the ISCST model was used to calculate both short-term and
annual average concentrations because these. concentrations are readily
obtainable from the model output. Major features of the ISCST model are
presented in Table 4.1-1. The ISC model has rural and urban options which
affect the wind speed profile exponent law, dispersion rates, and mixing-

height formulations used in calculating ground level concentrations.

For modeling analyses that will undergo regulatory review, the following
model features are recommended by USEPA (1987b) and are referred to as the

regulatory options in the 1SCST model:

Final plume rise at all receptor locations,

Stack-tip downwash, ’

Buoyancy-induced dispersion,

Default wind speed profile coefficients for rural or urban option,
Default vertical potential temperature gradients,

Calm wind processing, and

Ny B S W N

A decay half 1ife of 4 hours for 509 concentration calculatfons in

urban areas.

Some of the above model features have been recommended for use by USEPA over
the last 6 years. These assumptions include the use of final plume rise,
default wind speed proflle coefficients, default vertical potential
temperature gradients, and calm wind processing of maximum ground level
concentrations. The recently revised USEPA modeling guidelines recommend
use of the remaining features, including the use of calm wind processing
regardless if impacts are expected to occur under such meteorological

conditions.
4.1.1.2 Source bata
The source information required by the ISCST model includes both stack

characteristics and emission data. The stack characteristics and emission

4.2
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Table 4.1-1. Major Features of the ISCST Model

ISCST Model Features

o Polar or Cartesian coordinate systems for receptor lecations

o Rural or one of three urban options which affect wind speed profile
exponent, dispersion rates, and mixing height calculations

o Plume rise due to momentum and buoyancy as a function of downwind
distance for stack emissions (Briggs, 1969, 1971, 1972, and 1975)

o Procedures suggested by Huber and Snyder (1976); Huber (1977); and
Schulmann and Hanna (1986) and Schulmann and Scire (1980) for evaluating
building wake effects

o Procedures suggested by Briggs (1974) for evaluating stack-tip downwash

o Separation of multiple point sources

o Consideration of the effects of gravitational settling and dry
deposition on ambient particulate concentrations

o Capability of simulating point, line, volume and area sources

o Capability to calculate dry deposition

¢ Variation with height of wind speed (wind speed-profile exponent law)
o Concentration estimates for l-hour to annual average

o Terrain-adjustment procedures for elevated terrain including a terrain
truncation algorithm

o Receptors located above local terrain, i.e., "flagpole" receptors
o Consideration of time-dependent exponential decay of pollutants
o The method of Pasquill (1976) to account for buoyancy-induced dispersion

o A regulatory default option to set varfous model options and parameters
to EPA recommended values (see text for regulatory options used)

o Procedure for calm-wind processing

Source: USEPA, 1986b
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data for existing sources were supplied by WAPDA and Gibbs & Hill and were
presented In Tables 3.1-5 and 3,1-6, respectively, Source information for
the proposed units was supplied by Gibbs & Hill and is presented in
Tables 4.1-2 through 4.1-4,

As discussed in Section 3.1.1.4, all the Guddu sources have the capability
to burn either oil or natural gas; however, the primary fuel {s natural gas.
011 is used only during periods when natural gas is in short supply due to
consumption for residential heating. This situation occurs in December or
January. Therefore, the modeling results of sources for oil-burning

operation produces conservative estimates of maximum concentrations.

The existing proposed gas turbine combined cycle (GTCC) units can operate in
either the simple cycle mode or the combined cycle mode. Alr emissfon rates
are the same in either mode, but in the combined cycle mode, the stack gas
exhaust temperature and gas flow rate are considerably lower than in the
simple cycle mode (see Table 3.1-5 and Tablé 4.1-3). Due to the greatly
decreased plume rise associated with the stack gases under the combined
cycle mode, maximum ground-level concentrations will occur under this
operating mode. As a result, modeling of the existing and proposed gas
turbine combined cycle units was performed for the combined cycle operating
mode. Modeling of the simple cycle mode operation was only performed for

the proposed 300 MW GTCC units for comparison purposes.

4.1.1.3 Receptors

The receptor grid used in the ISCST model consisted of 396 receptors located
in a radial grid centered on the existing GTCC No. 2. Receptors were
located along 36 radials, separated by 10 degree increments, at distances of
0.1, 0.3, 0.5, 0.8, 1.2, 1.7, 2.3, 3.0, 4.0, 6,0, and 8.0 km from the grid
center. Because this area i{s flat, no terrain elevations were included in
the modeling. This geographic area covered by the recepter grid encompasses
Guddu and sensitive receptors, i.e., schools and medical facility, in

proximity of the power plant.

4-4



Table 4.1-2. Operating Parameters for Proposed Guddu Units
Proposed 300 gw
Parameter, Units Each Each
(5S) (CC)
(METRIC UNITS)
Rating MW 100 150
Heat Rate Kcal/Kwhr 2,720 1,850
Heat Input 106 Rcal/hr
Mari Gas - 278 278
HSD 011 - 241 241
Fuel Usage
Sui Gas Nm3/hr . -
Khandhkot gas
Nm3/hr - -
Mari gas Nm3/hr 43,271 43,271
HSD 011 Kg/hr 21,934 21,934
1/hr 25,505 25,505
Furnace 0il Kg/hr - -
1/hr - -
(ENGLISH UNITS)
Rating My 100 150
Heat Rate Btu/kwhr 10,794 7,341
Heat Input 106 Btu/hr
Mari Gas 1,103 1,103
HSD 011l 956 956
Fuel Usage
5ul Gas scfh
Khandhkot Gas scfh :
Hari gas scfh 1,527,701 1,527,701
HSD 0il 1b/hr 48,313 48,313
gal/hr 6,805 6,805
Furnace 0i1l 1b/hr - -
gal/hr - -

* Two identical gas turbines with heat recovery steam generators.

Notes: SS = Simple Cycle Operation
CC = Combined Cycle Operation (normal operation)

Sources: Gibbs
KBN,

& Hill, 1988
1988
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Table 4.1-3. Summary of Stack Papameters for Proposed Guddu Units
. Bropssed 300 HW
N .
Parameter Units W taeh fach
‘%?i (89) (€e)
. ‘*ﬁﬁ’#""“’”""—‘- PRI
o (MeRIE UNTTS)
fiooe ’
Helght m o, 21,3 21.3
Araa m2 © "t 40,8 24,2
Temperature ¢ a5 838 183
Flow rate - Gas Rg/s . 381.6 3s1.6
- o1 k§/s M YO Y A
- Gas  m/e 889.0 $00.9
- 011 mi/s 871.1 490.9
Velocity - Gas m/s 21.80~. 20.74
- 0i1 /s S 21,36 20.32
i
. e
(ENGLISH UE}TS)
Height ft 70 70
Area fe2 : 439 ~ 260
Temperature of ‘. 997 361
Floy rate - Gas acfm 1,883,633 1,061,402
- 01  acfm 1,845,797 1,040,082
Velocity - Gas tps o781 68.04
- 011  fps 70.08 66.67

Notes: SS = simple cycle operatisn
CC = combined cycle operfation (normal operatisn)

Sources: Gibbs & Hill, 1988

KBN, 1988
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Table 4.1-4. Air Poilutant EM18818n RAtes for Préposed Guddu Units

Proposed 300 MW

Parameter ntts Y. gach Each

N ) (cc)
. swonb

it 1 (METRIC UNTTS)
i

Gas Firing .

Particulates p/8 ‘ 0.63 0.63
Sulfur Dioxide g/ 0.05 0.05
Carbon Monoxide g/8 o 3.50 3.50
Nitrogen Oxide g/8 i 91.6 91.8
Vol. Org. Compds g/ a 0,48 0.48
0il Firing ' ™~

Particulates g/8 . 1.26 1.26
Sulfur Dioxide g/ " 121.7 121.7
Carbon Monoxide g/8 v .y 1.47
Nitrogen Oxide g/ ’g 142,9 S LY N
Vol. Org. Compds g/ e 1.40 1.50

A — .
-+ (ENGLISH UNI1TS)

Gas Firing

Particulates 1b/hr ! 5 5
Sulfur Dioxide 1b/hr _ 0.44 0.44
Carbon Monoxide 1b/hr NV ) 3.47
Nitrogen Oxide 1b/hr 727 727
Vol. Org. Compds 1b/hr 3.85 3.85
0i1 Firing

Particulates 1b/hr 10 10
Sulfur Dioxide 1b/hr . 966 966
Carbon Monoxide 1b/hr 27.5 27.5
Nitrogen Oxide 1b/hr . 1,134 1,134

Vol. Org. Compds . 1b/hr 5 o1 11.1

LN

Notes: SS = simple cycle operatién
CC = combinad cycle opafhtion (normal operation)
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4.1,1.4 Meteorological Data
Meteorological data needed t8 P8fform air dispersion modeling congist of
the following five meteorolsgiff) parametars:

1. Wind direction--detsfMines the transport ditréetions toward which
the plume will travel &nd potentially affact téceptors downwind of
the plant;

2. Wind speed--determifi®d the amount of dilutich 6f plume
concentration and height to which the plume @111 riss;

3. Temperature--affectsqthe height to which th& pluwnmé ©111 rise and
also 15 used in estiftating afternoon miging heights;

4. Atmospheric stabilitysedetermines the exténi 8f plume spread or

dispersion in the vaftical and horizental ditections;f :
Mixing height--detayminas the.maximum vertieal sxtent or volume of
air in which the pluma ean disperse, '

n

These parameters can be measuréd directly or inferred trom other measured
parameters. In general, surfa¢é observations collectad At metéorological
stations. include wind directioti, wiéd speed, temperaturd, cloud cover, and
cloud ceiling. The wind spead, tloud cover and eloud ceiling valuds are
used in the USEPA praprocessor program, RAMMET, to detdrmine atmospheric
stability using the Turner stability scheme (1964). BAsed on the maximum
afternoon surface temperature, morning and afternoon mixing heights can be
calculated with radiosonde data (generally collected ih the.éarly morning
and late afternoon) using the Holzworth approach (1972). Hourly mixing
heights can be derived from the morning and afternoon mixing heights usiné
the interpolation method develsped by USEPA (Holzworth, 1972),

The hourly surface data and mi%ing heighés are used to dévelop a sequential
series of hourly meteorological data (i.e., wind diraction, wind Speéd.
temperature, stability, and miftihg heights). . If tha 8b8a&rved hourly wind
directions are classified inte 8eectors (such as 10 or 22.5 degreas), the
wind directions can be randomif8d within each sector uling tha RAMMET
program to account for the explgteéd variability in ai¢ flow.

For this andlysis, surface and upper air observations from the Pakistani
Meteorological Service (PMS) 8#4tfons in Rohri and Multan, retptctively,
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were obtained and used in th8 air modeling analp&id (see Figure 3.1-1 for
station locations). Data fr6f these staticns weré éonsidared representative
of meteorological conditiof8 At the project dite. Thase stations are the
closest weather stations téﬁthe project site that Ate Surroundid iy similar
topographical features and ‘hAve most of the nécd884try metéorslopical data
for the air dispersion mod8l, Because of the potantial varfation of
meteorology during the mon&86h2 from year to veaf, Approximatély two years
of observations were obtaitied from the PMS:  Januaty to November, 1985 and
January to December, 1987, l

Hourly cloud cover and cloud height data were not Available from the PMS
station in Rohri. However, based on daily cloud covar data dollected for
1985 and 1987 by Gibbs & Hill at thé project site, the skies‘at the project
site are clear to mostly clear for approximately 85 percent of the time
throughout the year. In this analysis, the skies were assumed to be clear
for the entire year.

e fl

A comparison of the air dispersion model and metddrologicdl praprocessor
input requireﬁents to the parameters available from the stations in Rohri
and Multan are presented in Table 4.,1-5. Because the meteorological
program was based on proce88ing data from NWS stations in the United States
in specific formats, the RAMMET program'was modifisd to linearly interpolate
values between every third héur observation convert parametérs into proper
units, and assign an indicater for hours of missing data (i.e., assume calm

conditions).

It should be noted that wind direction data Rohri were reportad for every
third hour in 45 degree sedtéts, ceéntered on the diréctions of north,
northeast, east, southeast;fsodth. southwest, wAst &hd northwest., For the
hours when wind data were ﬂbt observed, the wind directions ware
interpolated 1in the RAMMETQB?Ogram to these same categories. However, in
the preprocessor, all wind_aitections were randomizéd over a 22.5 degree
sector, rather than 45 degfées to provide a more conservativé approach in
estimating potential impact8, Using this approdch, the windQ'would be
randomized or distributed 8Vaf a smaller sactor, with the pdkéﬁtial for
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Table .4.1-5. Comparison of Air Dispersion Model ard Meteorological Preprocessor Imput
Requirements to Parameters Available from Meteorological Stations at Rohri and Multan

Parameter

Rohri and Multan
Mettorological Stations

Model ard
Preprocessor Requirements

Wind Direction

Frequercy
Reported Units

Wind Speed
Frequency
Reported Units
Minimum Value

Tenperature
Frequency
Reported Units

Stability*

Based on:
Cloud Cover

Frequency -
Reported Units

Cloud Height
Frequency

Reported Units
Wind Speed
Mixing Height*

Based on:
Radiosonde Data

Frequency

Reported Values,

units

Temperature

Stability

Every third hour
Néar sst 45 degrees
up tb 8 directions

Every third hour
Krots
2 ¥rots

-~
!Esé!t? third hour

Not: 8vatlablet
Not: avatlable

Sed above

Ko
i

'I\vlc’:é daily

. Tetpérature at mandatory

levels at the surface,
850,700 and 500 nb.

Seé above:
Sea above

Every Hour :
Nearest degree but can be
rarndomized over sector
width for reported direction

Every bour

Units comverted to m/s
Assumes val{d speed is 3 knots
or 1.0 m/s

Every hout
Units caverted to °K

Every Hour

Units coded from 0-10, which
represent the fraction of clow
cover

Every how-
Actual height in ft.

See shove

Twice daily
Temperature and pressure at

'mandatory ard signfficant

levels
See above
See above

* Not measured directl

y but inferred using Tumer method (USEPA, 1964) ahd specified parameters.

* Not measured directly but inferred using Holzworth method (USEPA, 1982) ard specific parameters.

** Available from data collected on a daily basis at the project sita.
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wind directions to be more persistent towards receptor locations than if a

larger sector were used.

After a review of the radiosonde data from Multan, the maximum afternoon
mixing height was assumed to be 1500 m for every day. This was an arbitrary
value because the maximum aftéAthoon mixing height, calculated using the
maximum afternoon temperature from Rohri, indicated higher mixing heights,
However, because of the limited amount of upper air (only &4 levels
reported), a value of 1500 m w;s selected in order to be conservative in
estimating maximum predicted concentrations,

4,1.1.5 Buillding Wake Effects ;

The ISCST model includes algotithms used to estimate the effects of
building wakes on efflgent diéﬁersion. The wake-effect algorithms may be
applied to any stack on, or adjacent to, a building. Under moderate to
strong wind speed conditions, the effluent emanating from a stack or
building may not totally escapa the”aerodyn;Eic wake region on the downwind
edge of- the building. This resu.ts in a downwash condition where the
effluents are mixed into the Qake region, Bullding shape and orientation
to the wind affect the dimensions of the turbulent wake and the degree of
downwash. The stack height, building height and width, horizontal wind
speed, plume exit velocity, and plume buoyancy determine which portion of

the plume, 1f any, will clear the turbulent wake.

The criteria used to address Whether bujlding downwash could occur are
based on USEPA recommendations (USEPA, 1985) for determining Good
Engineering Practice (GEP)‘stack height, - Based on that criteria, if the
stack height is less than GEP, then atmospheric downwash, eddies, anp wakes
created by nearby structures may influence the stasck effluent and cause high
ground-level concentrations. 1In the United States, GEP stack height has
been defined as follows:

GEP = H + 1.5 L, where H {s the height of the nearby buildings or

structures; and L is the lesser dimension of the height or

projected width of the nearby structure.
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A nearby building is defined as a building located up to 5 times the lesser
of the height or width of the building, but not greater than 0.8 km from the

.

stack.

The ISCST model incorporates the above criteria to determine which plumes
are affected by building wake effects. Once the model determines that a
plume is affected by a nearby structure, dispersion parameters are adjusted

accordingly.

In order for the ISCST to assess the effects of nearby structures the user
must supply the model with information on building dimensions. It is
necessary to calcuiate the maximum projected (cross-wind) buildiné
dimension. For a simple rectangular building, this dimension ig the
diagonal measured from‘one corner of the structure to the opposite corner.
Given a building length and width, the ISCST model calculates the diameter
of a circle having an area equal to the buiiaing area and uses this diameter
for the building wake calculations. For the model to use the projected
building diagonal instead of the actual building dimensions for downwash
calculations, it is necessary to adjust the building length and width so
that the diameter of the resulting circle, calculated by the model, is equal

to the building diagonal.

From a review of the buildings at the Guddu facility and the locations of
the existing and proposed sources, three buildings were determined to have
the potential for producing building wake effects. A summary of building
dimensions, modeled building dimensions, ‘and associated sources is presented
in Table 4.1-6. The actual buildiné dimensions were obtained from WAPDA and
Gibbs & Hill. The building dimensions for the proposed units were obtained
from Gibbs & Hill.

4.1.1.6 Results

Maximum Impacts

Presented in Table 4.1-7 are the results of the modeling analysis of the

proposed 300 MW GTCC units only. Results are shown for both simple cycle
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Tabte 4.1-6  Summary Of Actual and Modeled Building Dimensions Used is 1SCST Modeling

Modaled Associated Actual Building Dimension (m) Modeled Building Dimension (m)
Source Building Height Length Width Projected Width* Height Width®
Existing
Steam Units No. 1 and 2 Boiler Turbine No. 1 and 2 37.0 w.7 40.8 107.7 37.0 95.4
Building
Steam Units No. 3 and 4 Boiler Turbine No. 3 and 4 37.0 115.8 40.8 , 122.8 37.0 108.8
Building
GTCC No. 1 &nd 2 Gas Turbine No. 1 and 2 12.2 35.6 6.1 37.1 12.2 32.9
Building
~ GTCC No. 3 and 4 Gas Turbine No. 3 and 4 12.2 36.6 . 6.1 3741 12.2 32.9
! Buildings ;
— .
w
Procosed
GTCC No. 5 and 6 Gas Turbine No. 5 and 6 12.2 36.6 /‘ 6.1 37.1 12.2 32.9
* Maximm diagonal dimension
Used to simulate the actual building diagonal (maximum projected width)
—_—



Table 4.1-7., Comparison of Maximum Predicted Concentrations Due to
the Proposed GTCC Units Operating in Combined Cycle for
the Entire Year

Averaging Maximum Concentration
Fuel Pollutant Period (ug/m3)
011% S0, 24-Hour 26
Annual 3
TSP 24 -Hour 0.27
Annual 0.03
NO, Annual 3.8
Natural Gas 50, 24 -Hour 0.01
Annual 0.001
NOy Annual 2.4

* Only used during natural gas curtailments which occur primarily
during the winter months of December and January.
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operation and combined cycle operations. As shown, operation in the

combined cycle mode results in the maximum air quality impacts,

Modeling was performed to predict ground-level concentrations resulting from
the combined effects of both :xisting and proposed Guddu sources. The
results of the ISCST modeling analysis are presented in Table 4.1-8. It
should be noted that the maximum impacts of the proposed Guddu expansion
project (see Table 4.1-7) ar not directly additive to the baseline impacts
(see Table 3.1-8). This is because the proposed units are not located near
any of the existing sources and there are differences in emission rates and
stack parameters. The concentrations presented in Table 4.1-8 represent the
predicted impacts due to the combined effects of all existing and:proposed
sources at the WAPDA facility for the 1985 and 1987 meteorological database,
Each of the predicted concentrations is well below the applicable World Bank

air quality guidelines,

As previously discussed, NOx emissions due to oil combustion were not
modeled, because World Bank Air Quality Standards for NOy are based on an
annual average concentration. The WAPDA facility only uses oil for fuel in
December and January during periods when natural gas supplies are low due to

residential heating.

Comparison of the results of the modeling analysis of baseline air quality
(Table 3.1-8) with the results of the modeling analysis for future
conditions (Table 4.1-8) shows that the change in maximum air quality
impacts is negligible. Maximum 507 and PM impacts are predicted to increase
negligibly above the current baseline level. This is because the existing
maximum impacts for SOy and PM are due primarily to the existing steam
generating units and the proposed units have an insignificant impact'at

these locations.

In the case of NO,, the future maximum annual average impact is predicted to
increase by only 1 ug/m3 over the existing maximum baseline impact (from 11
ug/m3 to 12 ug/m3). This result reflects the relatively small impact the

proposed units are predicted to have. As shown in Table 4.1-7, the



Table 4.1-8. Predicted Maximm Ambient Concentrations Due to Exdsting and Proposed
Sources at Guddu Power Development (Proposed GIUC Units Operating All

Year)
Pollutant Averaging Time Maxdimum Predicted World
Concentration Bank
(ug/™) (ug/m3)
Natwral Gas
Sulfur Dioxide 24 -Hour 23 500
Armual 4 100
Nitrogen Dioxide Anrual 12 100
oi* s
Sulfur Dioxide 24-Hour 325 500
Anmual 54 100
Particulate Matter* 2%-Hour 23 500
Anrual — 3.8 100
Nitrogen Dioxide Armmual 15 100

* Only used during matural gas curtailments which primarily ocour during the winter
months of Decenber and Jarmary.

+ Background corcentrations for particulate matter are 200 ug/hl3
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proposed units will cause at most a é ug/m3 annual average NO, Impact at any

location.

Isopleths/Probable Impacts

As previously discussed, oil is primarily used in the winter months of
Pecember and January during which SO0 1mpacts are the highest. In contrast,
natural gas usage occurs year 'round, except for curtailments and NO,
emissions are relatively constant. Isopleths, or lines of equal
concentration, for these probable worst case conditions for 502 and N02 are

shown in Figures 4.1-1 through 4.1-5.

Maximum probable 3-hour and 24-hour 509 concentrations occurring during
December and January are presented in Figures 4.1-1 and 4.1-2, respectively.
As shown, the highest concentrations occur within 5 kilometers of the plant
site in directions from northeast clockwise through southwest. Maximum
probable 3-hour, 24-hour and annual NOy concentrations are shown in Figures
4.1-3, 4.1-4, and 4.1-5, respectively. The highest short-term, i.e., 3-hour
and 24-hour, concentrations occur within 5 kilometers of the plant and
generally north of the plant. The highest annual average NO; concentration

occurs about 6 kilometers northeast of the planc,

It should be noted that the results prosented in these figures are the

maximum probable impacts and are less than those shown in Table 4,1-8.

Transboundary Air Quality Considerations

507 emissions from the Guddu power development may be converted to acidic
(or potentially acidic) compounds when transported over large distances.
These conversions are caused by gas-phase and aqueous phase reactions, which
are complex both physically and chemically. The acidic compounds caa be
deposited on ground surfaces by dry deposition processes (gaseous and
aerosol) as well as wet deposition processes (precipitation). The proximity
of India to the Guddu site (approximately 75 km distance) indicates a
potential for acidic deposition effects due to power plant emissions.
Because such complex transfsrmation and deposition mechanisms are associated
with distance scales of 100s to 1,000s of kilometers, it is not possible to
predict environmental effects assoclated with a certain level of 504

4-17
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emissions. This is particularly true where very little envirenmun

exist, such as in Pakistan.

Maximuvm 502 and NOK emissions from the Guddu power development, including
the proposed 300 MW GTCC expansion, arec estimated at 23,500 tors,/vr and
35,000 tons/yr, respectively. Emissions were calculated assusing chat fuel
oil is burned continuously during two months of the year {(Deceaber and
January) in all existing and proposed units, and that natural pas is burned
the remainder of the year. NO, emissions were based upon na. » o Las usage
for an annual period, a worst case emission assumption. Emissions by source

grouping are as follows:

S0, .
Existing Steam Units 1-4 19,261 TPY 16,126 TPy
Existing GTCC Units 1-4 2,827 TPy 13,905 1oy
Proposed GTCC Units 4,5 1,414 TPV BRI Y
TOTAL 231502 TPY 35,014 ey

Compared to major S0p sources in the U.$. and Canada, the Suddu RISITEN
development is small in magnitude. For example, in the State of Florida
alone, 50, emissions total over 900,000 tons/yr and HO, crissions total over
800,000 tous/yr (FCG, 1986). The proposed GTCC Units & and 5 will i{ncrease
existing emissions from the Guddu Power Development by about o percent for
507 and about 25 percent for NO, .
Long-range transport studies performed in the southeastern U.S., which has a
climate similar to that of Pakistan, suggest that S0; sources of the
magnitude of Guddu can contribute only 1 percent or less to the tosal
observed acidic deposition at a distance of 400 ki from the souccs, and less
than 0.1 percent at 800 knm (adapted from FCG, 1986). N0, sources of the
magnitude would contribute about 1% of the observed acldic deposizion within
about 400 km from the source with substantial decreases in contributions at
greater distances. In addition, prevailing winds in the Guddu ares are from
the northeast and southwesr directions, and not towards ludi.

Based upon these considerations, the impact on acidic deposition o

Guddu power development, as well as the 300 MW Guddu expansion, {n expected

4-23

BEST AVAILABLE DOCUMENT



58015-

['1

()]

(€240
~ &

ro-
O L

N
cop
o

29/

to be insignificant. Significant transboundary environmental impact on

Indian territory is not expected.

4.1.2 Noise

Noise levels projected to exist in the vicinity of the Guddu power
development after the 300 MW GTCC expansion begins operating were predicted
using standard noise estimating procedures (EEI, 1984). The predictions

considered the existing baseline noise levels at Guddu, as determined from
the ambient noise survey, and the predicted noise impact of the proposed 300
MW GTCC expansion. The predicned impacts due to the proposed uniusg were
developed by taking into account attenuation due to hemispherical spreading

and atmospheric molecular absorption,

Sound propagates through the atmosphere in spherical waves, above the
ground surface (referred to as hemispherical spreading). Since the surface

area of a sphere is proportional to its radius squared, vach doubling of the

radius iocreases the surface arca by a factor of four. Li cwine, as the

distance from a sound source is dcubled, the intensity of its radiated sound

energy is decreased by a factor of four,

Meteorological characteristics of the atmosphere result in "actenuation” of
sound (i.e., a resultant decreasec in the sound pressure level). When a
direct path from the sound source to the observer dees not exist, as in the
case of a solid barrier, additional attenuation results from sound wave

refraction around the obstacle.

Sound pressure levels associated with specific noise sources o be
constructed as part of the proposed 300 MW expansion were estimated from the
noise source survey conducted at Guddu (sece Section 3.1.1.95) and fram data

L, 1984) .,

contained in the Electric Power Plant Environmental Noisc Guide [
Listed in Table 4.1-9 are noise sources associated with the 300 M4 LToc
expansion and estimated sound puwer levels. For most of the eauipment,
sound power levels were estimated from the on-site measurcments st the

existing Guddu GTCC installation. For other sources, data from the

Environmental Noise Guide were used.
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Table 4.1-9.  Typical Plant Equipment Associated with the 300 MW GTCC Expansion and Estimated Noise

‘evels

Sourd Pressure Levels

Equipment Type (dBA) Reference
Power Block
Gas Turbines (2) 100 (each) On-site Heasurcment
l;.cnerators 2) 84 (cach) On-Site Mcasurenent
Steam Turbine Generator (Outside Building) | 79 on-Site Mcasurement
Heat Recovery Steam Generators (2) 80 (cacﬁ) On-Site Measurement
Transformers (3) 87 (cach) EEl, 1984
Cooling Water System
Pump House 79 On-Site Heasurement
Cooling Towers 10>2 EEL, 1584

Note: These are ncarfield equipment emission levels and do not take into account building, atmespheric, or

barrier attenuation or hemispherical spreading.

* Sound pressure level at 1.5 m (5 ft).
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Ambient sound levels due to the 300 MW expansion only were then estimated.
Several simplifying, conservative assumptions were made in arriving at the
predicted levels. All noise sources were assumed to be cn-lacated at the
approximate center of the 300 MW expansion site. All sources were also
assumed to operate continuously 24 hours per day. In addition, attenuation
due to barriers, trees or other obstacles was not considered. The predicted
noise levels (dBA) due to the 300 MW GTCC axpansion only are shown in

Figure 4.1-6.

In order to predict future noise levels with the 300 MW GTCC crpansion in
operation, the estimated noise levels due to the proposed 300 W expansion
only (Figure 4.1-6) were added to the estimated baseline noise levels at
Guddu (Figures 3.1-4 and 3.1-5). The resulting noise contours for the Guddu

area are presented in Figures 4.1-7 and 4.1-8,

It should be noted that the predicted noise levels (dBA) from che proposed
300 MW GTCC expansion are not strictly additive becausec dBs are measured in
a logarithmic scale. For example, a 50 dBA LOq or Ly, sound pressure level
from the proposed expansion would add only 3 dBA to .n existing baseline

sound pressure of 50 dBA and would add only 0.4 dBA to an existing baseline

level of 60 dBA.

In terms of Leq(ZQ) noise levels, comparison of the bascline and future

levels shows that there is no significant change in levels over most of the
Guddu area. Significantly increased noise levels are predicted only in the
immediate area of the 300 MW GTCC expansion site. In this area, up to a 5

dBA rise Is predicted to occur beyond.the site boundary.

Review of Figure 4.1-2 shows that there are no schools or educational
institutions located in the areas predicted to cxceed the 55 dBA World Bank
guideline [ch(24)] for educational institutions (see Table 4.1-10).

Several mosques are located in the exceedance areas, but actual noise levels
inside these mosques should be much lower due to attenuation from the walls
of the mosques. No areas outside of the power plant facilitics are

predicted to exceed the 70 dBA guideline to protect against hearing loss,
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Figure 4.1-6. Predicted Noise Impact (déA) of the Proposed 300 MW GTCC Expansion Only
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Guddu Power Development
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Table 4.1-10. World Bank Noise Guidelines"

Indoor Outdoor
To To
Protect Protect
Hearing Against Hearing Against
Activity Loss 8oth Activity Loss Both
Inter- Considera- Effects Inter- Considera- Effects
Heasure® ference tion (b) ference  ation (b)
Residential Lgn 45 45 55 55
with Outside
Space and Farm
Residences L,_.q(ZL) 70 70
Residential with Ldn 45 45
no Outside Space Loq(ZL) 70
Commercial ch(ZL) (o) 70 70(c) (a) 70 70(c)
Inside
Transportation ch(za) (a) 70 (a)
Industrial ch(ZL)(d) (a) 70 70(c) (a3 70 70¢c)
Hospi tals Lgn 45 45 55 55
L,_.q(ZL) 70 70
Educationol ch(ZL) 45 45 55 55
ch(Zlo)(d) 70 70
Recreational
Arcas ch(Z/o) (a) 70 70¢c) (a) 70 70(c)
Farm Land
and General
Unpopulated Land ch(ZL) (a) 70 70¢c)
Code:

a. Since different types of octivities appear to be associated with different levels, identification of a
maximum level for activity interference may be difficult except in those circunstances where speech
comunications is o critical activity.

b. Bosed on lowest level.

c. Bosed only on hearing loss.

d. An Leq(S) of 75 dB may be identified in these situations so long as the exposure over the romaining 16

hours per day is low enough to result in a negligible contribution to the 24-hour average, i.c., no

greater than an ch of 60 dB.

Yeorly average equivolent sound levels required for protection of public health and welfare.

Lgn = Day-night overage A - weighted equivalent sound level, with a 10-decibel weighting applied to

night time levels.

ch (26) = Equivalent A-weighted sound level over 24 hours,

+

Source: World Bank, 1984,
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The predicted future Lgp noise levels at Guddu (Figure 4.1-3) show that
residential areas nearest to the power plant facilities may exceed the
World Bank guideline of 55 dBA for residential arecas. This could be of
concern, since most of the residences are not air céndicioned and windows

are frequently left open for ventilation, thus minimizing attenuation.

Review of the baseline Lyn levels (Figure 3.1-3) shows that the area
exceeding 55 dBA is only slightly increased due to the proposed expansion.
Noise levels are predicted to significantly increase only in areas
Immediately adjacent to the 300 MW expansion site, primarily to the norch
and east of the site, since the proposed GTCC units will be located near the
western boundaries of the site. The maximum ambient noise levels in this

area are predicted to increase by no more than 5 dBA.

4.1.3 Water Resources

4.1.3.1 Water Withdrawals and/or Consumptive Uses

Water withdrawals for the proposed 300 MW comﬂgned cycle expansion include
once-through condenser cooling water, cooling tower makeup, plant service
water and potable water. The primary supply source will be the Indus River
via the B.S. Feeder Canal. Locations of exlsting and proposed withdrawal
facilities are shown in Figure 2.4-1, (Discharge facilities and related

impacts are discussed in the following sections.)

The largest water demand for the combined cycle operation is condenser
cooling. To satisfy this demand, the proposed expansion will have and

utilize facilities for both once-through and cooling tower operation.

bLuring the preponderance of the year, once-through condenser cooling water
will be withdrawn from the Indus River (via the B.S. Feeder Canal) upstream
of the Guddu Barrage, used for once-through condenser cooling, and
discharged downstream of the Guddu Barrage (see Figure 2.4-1).

During once through cooling operations of the proposed 300 MW cxpansion, the
same volume of water will be released from the barrage to the Indus River as
is currently released; a portion of that released water will be diverted and
used for condenser cooling prior to discharge to the Indus River. this is

identical in function to the circulating cooling water systems for the
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existing units, Given the location and proximicy of the proposed site to
the Indus River (see Figure 2.4-1), the temporary diversion of water
through the proposed power plant and subsequent discharge back to the Indus
River below the Barrage will not significantly effect the total quantity of

water released from the barrage to the Indus River.

For comparison, the maximum once through cﬁoling demand for the proposed 300
MW expansion is 458 cubic meters/minute or 7.63 cubic meters/seccond.

Average Indus River flow during the period of April 1987 through March 1988
was 2694 cubic meters/second. Thus, diversion of the required 7.62 cubic
meters/second represents approximately 0.3% of the average Indus River flow.
Given that this water will be immediately returned to the Indus River, use
of Indus River waters for once through cooling during high or average flow

conditions will have no adverse impact on local or regional water quantity

availability.

To avoid regional or local water supply imp&éts during critical low flow
conditions, cooling towers will be utilized for condenser cooling. (The
existing units utilize cooling towers in a similar manner to minimize low
flow impacts.) As previously noted in Table 3.1-18, the use of cooling
towers for condenser cooling reduces the total water demand by approximately

92%.

The greatest potential for adverse water quantity impact is during these
critical low flow conditions. During these periods, approximately 43.4
cubic meters/minute or 0,723 cubic meters/second will be withdrawn for
cooling tower makeup, plant services and potable requirements; only

11.7 cubic meters/minute or 0,195 cubic meters/second will be discharged.
The difference between total withdrawal and total discharge (0.528 cubic
meters/second) represents the consumptive use of the proposed 300 MW

expansion during these critical low flow periods.

To determine worst case conditions for assessing consumptive use impacts, an
Extreme Value Type III (Weibull) statistical analysis of low flow conditions
was performed. Based on this statistical analysis and utilizing the minimum

Indus River flow data previously presented in Table 3.1-15, the 1 day-10
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year and 1 day-25 year low flow for the Indus River below the barrage were

estimated to be 181 and 129 cubic meters/second, respectively.

Therefore, the 0.528 cubic meters/second consumptive use of the proposed 300
MW expansion will result in a maximum reduction of 0.29% of the 1 day-10
year low flow and in a maximum reduction of 0.41% of the 1 day-25 year low
flow. Given these analyses, worst case consumptive use by the proposed 300
MW expansion will have virtually no impact on low flow conditions in the

Indus River.

If proposed 300 MW expansion will employ an alternative circulating water
discharge back to B.S. Feeder Canal, the discharge should be located so as
to allow sufficient mixing or cooling to avoid recirculation of heated
effluent. Alternative discharge locations on the B.S. Feeder Canal are
shown in Figure 2.4-1, Given the relétively small size and volume of the
B.S. Feeder Canal and the limited locations available for the return
discharge with respect to the circulating waﬁgr intake, entrainment and
recirculation of heated waters will probably preclude the usefulness of this
return system for the once through cooling operations. However, for cooling
tower blowdown (a substantially smaller wastewater volume), such a
return/reuse system could allow reuse of certain plant wastewaters and

further reduce the water supply demands during low flow conditions.

Given that the proposed 300 MW expansion will use an existing canal for
water supply, the expansion will not cause or contribute to any soil

waterlogging or salinization.

4.1.3.2  Cooling Water Discharges

During the preponderance of the year, the largest discharge from the
proposed combined cycle operation will be heated, once-through condenser
cooling. As previously discussed in Subsection 3.1.2.1, the existing steam
and GT/HRSG unit also discharge heated once-through cooling water to the
Indus River downstream of the Guddu Barrage. Existing and proposed

discharge facilities locations are shown in Figure 2.4-1.
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The periods of once-through operations will correspond with periods of
average or high flows and water availability in the Indus Rivers. During
these periods, the heated, once-through discharge will be diluted

substantially by the Indus River flow.

The mixing and dispsrsion of these once-through discharges to the Indus
River, and resulting water quality impacts were estimated using a
dispersion model presented by Fischer et al. (1979). The model methodology

and the related assumptions are presented in Appendix A.

To execute the dispersion analysis, the various model parameters and
coefficlents were estimated based on available data and information. For
the purposes of this analysis, the water quality parameter of interest (i.e,
temperature) was considered to be a conservative parameter. As there will
be some radiant or evaporative cooling within the discharge ditch and plume
areas, this assumption is a conservatiwve assumption as it over cstimates the

magnitude of the impact.

Once-through cooling impact modeling conditions were estimated based on the
median flow conditions observed during the period April 1987 through March

1988. To address the impact of the proposed expansion on the existing

conditions, the proposed expansion heated effluent concentration was assumed

to be 100% and background concentration (including the heated effluent from
the existing units) was assumed to be O%. The results of these analyses are

presented in detail in Appendix A.

Based on these modeling analyses, the once-through circulating water
discharges will be quickly diluted by Indus River flows. For example, at a
distance of 1000 meters from the point where the circulating water return
ditch enters the Indus River, the ma.imum temperature increase within the
plume will be 21.5% of the initial discharge temperature increase. Thus, if
temperature increase across the condensers of the proposed expansion is
7.5°C (the design condition), then the temperature increase at 1000 meters
downstream will be 1.6°C. At 4500 meters downstream, the temperature

increase at 1000 meters downstream will be 10.1% of the initial discharge

434
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temperature increase or approximately 0.75°C increase. In both cases, the

discharge plume will impact less than 10% of the total Indus River width.

With respect to the World Bank Industrial Effluent Guideline of a 30¢
increase in water temperature, this standard is met approximately 450 meters

downstream.

Based on the available data and the impact analysis presented herein, it is
anticipated the once through cooling operations of the proposed 300 MW
expansion will not significantly increase the temperature of Indus River, or
impair or interfere with any existing or anticipated future benefigial use
of these waters. This is because of the comparatively high river flows

which will quickly dilute all once though discharges.

During cricical low flow-conditions, cooling towers will be utilized for
condenser cooling. During these critical conditions, cooling tower
operation will significantly decrease‘cooliné\dischargcs, Based on the
previously presented discharge date, the use of cooling towers for
condenser cooling reduces the total cooling related discharges by
approximately 99.7%. Therefore, cooling tower operations will not have any

adverse operational impact on the Indus Rive:.

4.1.3.3 Low Volume (Plant) Wastewater Discharges
Power plant low volume wastes include floor drain wastes, boiler blowdown,
softener regeneration brines, filter backwash, and clarifier sludges. The
physical and chemical composition of liquid waste materials associated with
power plant uperatiun is determined by several fachrs, including:

1. Chemical and physical properties of the fuel burned,

2. Type of boilers installed,

3. Waste treatment prior to disposal, and

4. Circulation/reuse of wastes.
These processes are plant-specific and vary significancly frpm plant to

plant. As a result, chemizal constitue.its present in the waste materials,

and hence the quality of the waste streams, arc also plant specific.
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Table 4.1-11 presents a list of compounds commonly found in power plant
wastewater effluents by waste stream. The information in this table was
compiled during and industry-wide sampling program conducted at power plants
throughout the United States by the U.S. Environmental Protection Agency
(USEPA). Samples were analyzed for 129 compounds designated by USEPA as
Priority Pollutants (USEPA, 1982). '

Since recirculating cooling systems concentrate the dissolved solids

present in che make-up water, concentration increases are to be expected,

Of the pollutants detected as net discharges, the net concentration increase
in cooling tower blowdown exceeded 0.1 milligrams per liter (mg/L).only for
cadmium, copper, cyanide, lead, and zinc. According to the USEPA study, net
discharges of metals other than chromium and zinc are the result of
corrosion of metal surfaces within the cooling water system. Higher levels
of chromium and zinc often result from the use of corrosion control
additives. The use of non-oxidizing biocides und other chemical additives
listed in Table 4.1-12 may explain the preseﬁéé‘of many other compounds
detected in power plant effluents.' Low volume wastes as referenced in

Table 4.1-12 include boiler blowdown, waste streams from water treatment,

and effluence from floor and yard drains.

Boiler blowdown serves to maintain specified design limitations for
dissolved and suspended solids. Primary sources of impurities in the
blowdown are internal corrosion of the boiler and chemicals added to the
boiler system to control scale formation, corrosion, pl, and solids
deposition. Products of boiler corrosion are soluble species of iron,
copper, and other_metals. In addition to chemical additives listed in
Table 4.1-13, the following proprietary chemicals may contribute chromium,
copper, and phenol species to the boller blowdown:

Nalco 37--contains chromium

Nalco 75--contains phenol

Nalco 425L--contains copper

Calgon CL35--contains sodium dichromate

In general, boiler blowdown is usually of high quality (see Table 4.1-13).
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Table 4.1-11. Priority Pollutants® Datected in USEPA Sampling Program
by Waste Stream Sources

Waste Stream Source®t
Cooling Low
Tower Volume
Priority Pollutant Blowdown Waste™*

1,2-Dichloroethane
1,2-Dichlorobenzene
Phenol

Toluene

Beryllium (Total)
Cadrium (Total)
Chromium (Total)
Copper (Total)
Cyanide (Total)
Lead (Total)

Nickel (Total) -
Selenium (Total)
Zinc (Total)

el N =)
I e N

* Only compounds for which the increases in net discharges were greater
than 10 micrograms per liter (ug/L).

* X - Present in greater concentration in the effluent than in the
influent at least once.
0 = Never prasent in greater concentration in the effluent than in
influent.
** 1 ow volume wastes include boiler blowdown, waste streams from water
treatment, and effluent from floor and yard drains.

Source: USEPA, 1982,

4-37



Table 4.1-12. Proprietary Chemicals Used by Po.er Plants and Contalning

USEPA Priority Pollutants

Proprietary Chemical
(point of application*)

Specific USEPA Priority Pollutant

Contained in Product

Nalco Chemicals
25L (CT)
37 (BW)
38 (cwW)
75 (BW)
201 (CT)
344 (CT)
375 (CW)
425L (BW)

Calgon Chemicals
CL-70 (CT)
CL-35 (BW)

" CL-68 (CW)

Dearborn Chemicals
712 (CcwW)

Betz Chemicals
Betz 40P (CW)
Betz 403 (CW)
Dianodic 191 (CW)

|

Dow Chemicals ‘
Dowicide GB (Algacide)

Hercules Chemicals
CR 403 (CT)

DuPont
Karmex (CW)

Drew Chemilcals
Biosperse 201 (CW)

Ashland Chemicals .
1,1,1-Trichloroethane (FA)

Burris Chemicals
Sodium Dichromate (CT)

Copper

Chromium

Chromium

Phenol

Chlorinated Phenols
Acrylonitrile
Chromiunm

Copper

Zinc Chloride

Sodium Dichromate
Sodium Dichromate, Zinc
Chloride

"

Chlorinated Phenols

Chromate and Zinc Salts
Chromate and Zinc Salts
Chromate and Zinc Salts

Chlorinated Phenols
Zinc Dichromate, Chromic Acid’
Chlorinated Phenols
Chio%iﬂated Ethenes

Chlorinated Ethanes

Sodium Dichromate

* point of Application: BW - Boiler Water; CT - Cooling Tower;
CW - Cooling Water; FA - Fuel Additive.

Source: USEPA, 1982.
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Table 4.1-13.

Boiler Blowdown Charactor.:nic..

Mean
Concentration

Pollutants (mg/L)
Copper 0.14
Iron 0.53
011 & Grease 1.74
Phosphorus 17.07
Suspended Solids 66.26

Source:

USEPA, 1982,
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Demineralizer waste regenerants will Le reuse
evaporation pond. This waste stream consloin
solutions containing the chemical s; .ol .o

The waste stream is ugually characterine.,

>10), high dissolved solids (2,000 :o 1O, D0 L
concentrations rdnging from <5 to aboun il n

dependent. on the characteristics of the 11 i oo

The proposed 300 MW expansion will incuroor...
low volume wastes prior teo discharse. T... Lol

i

wastes by: sedimentation; flow cquaiizai

1

treatment will effective reduce the noliuv.:.
individual waste stream. Treated iow wol..o.
circulating water discharge outfall wn. o) .o

water discharge or cooling tower blowic. ...

Given this treatment and immediate

for adverse impact associated with

assess any potential for adverse impaci, tou nlain

volume waste pollutants after dischir,c oo oh. .o

using a the previously described F:scier - .

Low volume wastewater impact modelin condlcic

median flow conditions observed during tiw wov .
1988 and the calculated 1 day - 10 ycar G fico.

conditions, low volume wastewater fwpaces va .

assoclated mixing and dispersion) were cotlnio.. L.

circulating water discharge. For the L . - .o

wastewater Impacts on the Indus River (and the

&~

dispersion) were estimated based on dilution wici o

discharge.

To address the impact cf the increascd low ol
proposed expansion) on the existing condizions. .-
wastewater concentration (associated wich DrateLed

be 100% and background concentration {(inciuc

BEST AVAILABLE DOCUMENT
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from the existing units) was assumed to b O

analyses are presented in detail in appendis

Based on these modeling analyses, these “iveniel .o o e will
be quickly diluted by Indus River flows. Dacor b oo wecario, at
a distance of 1000 meters from the poi: ) el SRR

wastewater discharge enters the Indus iwver,

concentration within the plume will bHe .00 oy

pollutant concentration; this reflec.iu o «.lluvic,

pollutants of over 200 to 1. AU a dlitane: o | - : e toint
where the treated low volume wastewate: oo oo Lurar,
the maximum pollutant concentration witliisn e R .. ot othe

treated wastewater pollutant conceintral’

remaining pollutants of over 475 to .
Under the 1 day - 10 year low flow scein.rion o o . o at a
distance of 1000 meters from the point wi.i.

wastewater discharge enters the Indus iive.,

concentration within the plume will e .0, oo .. <. ., LU Loy
pollutant concentration; this reflects o i ucing o

pollutants of approximately 25 to 1. Ar o dl:ci o~ o . w orn lvom the
point where the treated low volume wautio: . i - . . e indus
River, the maximum pollutant conceitrar.o: oo SR Lo e L 7% of
the treated wastewater pollutant concomuuclos: .. . . - “liution of
any remaining pollutants of approxinuteir

Based on the available data and the ingp.c: LOnLUaL D sonuer o in, it is
anticipated the discharge of treatcd few oo oo e
proposed 300 MW expansion will not sioniiic ¢ owater

quality concentrations of Indus River, or R R T P
existing or anticipated future benericic! wie o0 L L Liais
because of the use of a treatment basin Lo oo [EVANE

discharge and comparatively high riwver ©loco wiier oo - SeLnTooany

remaining pollutants in the treatid was:i oo

BEST AVAILABLE DOCUMENT
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Based on review of existing waste trearinen
modifications for the 300 MW expansion :..i l:-
improve basin performance and opuraticu. ro.o. oo Lontrol
Baffle (floating or fixed) near the baswie cut.. © ... : . oenlrol
and limit the discharge of any floatin. oi = .o 0 o o - unin due
to routine operations or spills. In addizoa..,
assoclated outlet flange and valwe would o .oil R o val el
accumulated settleable solids. Finull,. i . : ©otat the
discharge would allow the cessation or
highly toxic material were spilt and cioer.. i
treatment system. The treatment b.s L g
pollutant removed prior to further (iscliic. ... . oot would
significantly improve the performanc:. o ...
4.1.3.4 Seasonal Flooding of Indus ..l...
As previously noted, Indus River flow is wuuiia....
Statistical analyses of these annual {love Clows .o
performed using a log-Pearson Type II1 pocl Jlow .. . © . . This

technique is widely used by the U.S. Guviv ical i . ' o iarcion of

recurrence Intervals for extreme (mawinio., - oo . AT ¢ rhese
statistical analyses are presented i. oL, .. . . - Co e ad
elevations upstream of the Guddu Barvame woed A o0 crcwend Flows
and flood elevations downstream of i Cudiu fDavoar. .

Given that the finished grade elevatinn oo oi. TSl D i will
be approximately 80 meters MSL, che PLOR- e v ol LT e dvarsely
affected by flood elevations in the [idus .ive e

boundary, the expansion site is protuctued L il nLL ek e Thie
associated flood control bund, and the bund ans cons ol oo e eparacing
the B.S. Feeder Canal ai.: the Indus Diver. oOn “he oo oo clnera site
boundaries, the site is protected is contro!iod UL S band,
Even if substantial seepage throuph thcs. bunc. oo oo Do
site elevation of approximately 80 wwcters WL io sooies L Covear

flood elevation above or below the Cuddu Boarrupie,

BEST AVAILABLE DOGUMENT



Table 4.1-14. Summary of log-Pearson Tvy 0.
Flows and Flood Elcvations o.
of Guddu Barrage.

Peak Flow

Upstream D
Recurrence of Guddu q
Interval Barrage Barru, o
(meters3/sec) (foues” b "
1 in 10 Year 28,570 1,068, 3,
1 in 25 Year 33,970 1, b, 00
1 in 50 Year 37,980 1,351,200
1 in 100 Year 42,000 1,483,000
4473
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Table 4.1-15.

Summary of log-Pearson Tvp.

"

Flows and Flood Elewvazio..
of Guddu Barrage.

Peak Flow

Downstream

of Guddu
Recurrence Barrage

Interval (meters3/sec)

1 in 10 Year 28,150 Qad ean
1 in 25 Year 33,810 1,165,000
1 in 50 Year 38,070 1,244,300
1 in 100 Year 42,350 1,495,500
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Based on these design consideration: and 5::. AR o
expansion will not be adversely effected b 0 : S Lnous
River.
4.1.3.5 Domestic Wastewater From WiPDs oo
The proposed 300 MW expansion will resul.. o u C... , ool
within WAPDA colony and, therefore, inc:v .
Currently, wastewater from the Wilba cul .. . .o _ RN
discharge to a series of off-site ponds. ..
sedimentation, bacteriological decomposit.on o Lo CLoavion of
sanitary wastewaters. If properly duesi s wit . - . sritative
and maturation ponds are an appropriste ... e B -j:fv S the
sanltary sewage treatment in this arca.
As previously noted, the existing demess: . Sreosal
system currently has several signiricaic ... . . o - ©oe into
adjacent surface drainage system, subsegien sonto L Lol owater
and annual flooding and/or erosion of <'.. . ..o L . Clated
dikes. Due to these various probleums, @ ... ... . . . . ooand
groundwater contamination complaints [ S P S . e
Recent improvement of the wastewater ponds and sagociaton o
contained the direct surface discharps o Sowa . ISV T site
topography in the immediate vieinity of wie peods, L e
sewage still seeps out through the poad Lovis o Lo, . S e

surface water course. Villagers scil. coi.ain voand

groundwater contamination (e.g.., sewape Laoll 1r

existing ponds are located outside of the &0 ;oc, - n L cietlon bund
which protects the existing site and colonw, ane o Coosnntean to
routine (annual) flooding.

Alternative solutions to the continuing soupage Ll o . SRR

ponds include the following: -

BEST AVAILABLE DOCUIAENT
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1. Relocate the pond further from anv teoo: - el
would result in seepage o coics om0 L CLver to
inhabited areas;

2. Increase berm thickness to decrcase oo o o surtace
water course;

3. Install a secondary berm outsic, w:r o oo o eemwn this
secondary berm would coliecct ..o oot . e pond and
primary berm. This sccoudury ome o v : Soeoand
seepage into the existing topo s bl - » ey
improperly treated sewage o e i

4, Line the primary pond berm wicl, Tooa. oo . oy
eliminate seepage to adj.acent =ustac:

5. Increase primary pond bernm clevauico oo . Lo ool
elevation to 80 meters to prec.oice L. Lol . Cwaler

‘ treatment pond during flcco 2o 0 oL . iu this
case, the sewer system within o W . o 1o ... o surveyed
to be certain that systen clevaiion. e oo L ot lew
proper sewe: functioning in t.. cveas ol oo o . s vontrol
elevation of 80 meters MSi: ...

6. Rip-rap the outside of pond i o o v worng flood
stages. In addition, a waintoi oo oo . Cpenented
to repair and/or rebuild vie ool il Lo CadiRe .,

Any modifications to the existing ponuc. .o o o to

adequacy of the existing ponds with ro,ara oo o o ©LosLiteria,

Any redesign and or reconstruction oL i lnuoclil

wastewater treatment ponds should coigior o oo

wastewater flows from the WAPDA colouy. & con.: -
facultative pond and two maturation ponds Jall woicie oo Lo e s
discussed in Section 5.5.

4.1.3.6 Site Runoff

Given the extremely low rainfall in o oo [,

potential for the generation of any sisuiiican oo

[LP e
Any runoff which does oceur will quicklvy vaers oo o e nd

quickly infiltrate into the porous soil. Iu

AT
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rainfall, any runoff which does not immeiianuelv
soll will be contained behind the Zlcod it
until {t infilctrates.

due to stormwater runoff.

4.1.3.7
The existing GTCC units have a four otava-:... ..
located within a containment cell ccisi: . ...
wall and earthen berm. Each contaiic...m . .. .
recovery pump for containment of sni’...
containment cell has been designed v, ool

the entire volume of the tank, the stove..icn.

creating the perimeter of the cell is s ..

For small leaks or spills, the recow, .
adequate to control any materials. i ... .ol
other catasctrophic tank failure, such

earthen cell berm to fail. 1In this oo,

be discharged for the containment vl .

However, due to the pervious nature .:
would infiltrate quickly inte the gooui. .. .-

surface. In the event of such a spili ur..

the impacts should be evaluated, th. LUl
of surface or ground water resourcces .an.. o,

plans made.

In the event that any of this spilled oi. ...

80 meter MSL flood protection bund w«will s

Indus River. In such an event, anv oi. ... ..

the ground will be retained behind tin: v il

Given these circumstances, there is werv . ool

the Indus River due to a catastrophic tan't i.i. i

tank farm.

There is very Tio.0: oo

0il Spill Prevention, Concaiiincat ...l Co

B350 4724

Vi 29788

nrous
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o che
“pownto
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A preferable design for the retention cell vouls .
structurally adequate berm or wall arcund “he
have been accomplished by constructing a cenc.o:

interior cell walls) around the entire Perineler.

Whereas the current design is not a preierred s wnii. o

minor tank leaks or catastrophic tank Cufiare ~0L)
contamination of the Indus River. Any coonnd it

from such leaks or failures should be assenien.

Any future tank farms required by the 204 M0 cuiong o

they do not threaten usable surface or LUOUNG At

retention cells should incorporate a stvuctural v nar. .

4.1.3.8 Ground Water Resources

Ground water resources are not widely used an oo
mineralized nature of the ground water, no Lo
anticipated. As previously noted, ground wat. .

the proposed 300 MW expansion will be ver il
mineralized nature of groundwater ac i - ..

use will be limited to an alternatiwec surp b

Such withdrawals will be very scasonal oo ro.ois
Given the porous and interconnected natur: or
withdrawals will be recharged from thec adiacent

or during the subsequent flood seasor.

Therefore, the ground water withdrawals ausociar.:.

plant construction and operation will not hive i s

water resources in the immediate site wiainir. Ui

have no impact on the regional problems ou wate o o

4.1.3.9 Geology and Seismology
Given that the proposed site is located in an i
defined by the Uniform Building Code of i lutirin:

Building Officials. As such, all worik asnocine.

Liior or
ol

reosulting

cav hiphly

Loation,

elonG, o any

Tooaee, Y
.'_‘\.“ﬁ.t)&./

Coosed power

s round

2i1l

LSatlon,
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expansion shall be engineered, desipued .o cene v G with
Zone 1 seismic requirements. Thercfove, tlieo o .0 o LLpacts

due to seismology.

There will be no other impacts to seologsy due to i Lo oMW

expansion construction or operation.

4.2 ECOLOGICAL ENVIRONMENT
4.2.1 Vegetatjon and Wildlife Hahitar

Because of the lack of natural vegetation and wildiiie b ..o 5 the
proposed plant site no effects to natura) vepetiacion o il uabitat

will occur from plant development,

4.2.2 Air Quality Impacts
4.2.2.1 Wildlife/Endangered Specizs

Sulfur dioxide impacts due to the existing aad Duunre e T Guddu
Power Plant will occur only the burning of oil aardo o awinths
(1.e., December and January). Natural oo proneston o0 s Preund and
relatively high NO, emissions occur producing N omoe © o Legtion
4.1.1.6 for more detail). For these conc:iions e oot . ) Nl
concentrations for l-hour, 3-hour, 8-hour, Zi-four oo .. RTINS

times were developed and are shown in Table 4.0-1.

Alr pollutiun effects from fossil fuel enevgy Socilioios oo iy have

included mortality and injury to animals c: toon Lol ol saissions
to subacute physiological and behavioral changes Iren on - rtLonras
(Newman, 1979). Exposure can be from the . 'y
adsorption of pollutants.
Secondary EPA standards have been set to protact nutiie o e gy
physiological and behavioral effects have bews oo o Loeotow these
standards. The primary effects at subacute Leve]

1. Respiratory stress irvolving alteraci o ... oo o snvaiology,

2. Reduction in the immure rospouse of coinnl.

3. Decreased abundance of vertebrate and fie-

d=49

BEST AVAILABLE DOCUMENT

!

I

h



;
Table 4.2-1. Prodicted Maximum Probibi.c Aumo. v o~ 0 o 5
and NO; for the Guddu Cui...

Averaging —Concenrriiioy
Period ‘ 507

1-hour 1352
3-hour o 766

8-houp ? 461

2&-h$ur é 229

Annual* ; Not applicable

* ; ; . . . ,
Same as NO,. 01l is burned only during sevic o - o ooys cns o is
.

in-short supply due to residential heating  n oo . a2 . . Sy
01l combustion modeling was only donc Zor “hi: . 1
concentrations calculated by the nodel roti. .o
concentrations,

4-30

BEST AVAILABLE DOCUMENT




Considering these factors, however, the highoest e i

are at or below the threshold for detectable crirecis

(Newman and Schreiber, 1988). No direct eiivers

species from the projected air emissions ave ooouien .o,

4.2.2.2 Natural Vegetation

Native vegetation is subject to two kinds of effoar.

\

Acute Injury may result from one or a few chor:

concentrations. These exposures can affect ruus:

and are often accompanied by foliar injury.

such as reduced growth and resistance o dis.. ¢
frequency of exposure to moderately hijgh ccnccunc .ol
eplsodizally. Visible foliar injury dow: uncn o
effects. The predicted maximum 509 wnd N0» anhileo:
the vicinity of the plant are shown in Toble o.7-:

information available on the sensitivicy of ool

Guddu, potential impacts to vegetation :an Lo

fumigations on test species reported in the Liz.rimi.

levels are at least two times lower than the

(Table 4.2-2). Results of S0y fumigation tests o

reglons of the United States show that arid clinir.

tolerant to SOy than species grown in mworc i
impacts to natural vegetation from 509 is eupuito.n.
NOj sensitivity is not available.
NOj are several times higher than predicted values.
vegetation are predicted.

4.2.2.3 Agriculture

The type of air emissions varies secasonally becausc

During the winter (December and January) with the s

NOy emissions predominate. During the rest of ol

e f Ve ey
Aguoloul v

burned and NO, predominates effects,

seasonal with two seasonal crop groups: rubi

barley, grain oil seeds, etc., and khavif or .o.. ..

maize, millet, cotton, sorghum, ctec. (Murocoiey, 170

3
o
boe
g}

seasonal fuel use and crop rotation the ra

Howuever, ciou eill

«aimals

ceoangered

smissions.
aigh
:he plants

Lfects

i chronice

:ls in

cimental
Liated SOZ
‘,u.‘l:
theoarid

oo ohe more
egunt, no
ation on
sives for

Loonatural
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Table 4.2-2.

Concentratioun

Lowest 'S0p Doses Reported to Affcct Nanural

el Yinner and

19806

tHooney,

RECRN

Thompson,

ion Hats, and

Lennos, 1980.
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Number of Specles (ug/m3) Tine Period
87 species in From 1300 to 2 hrs
southwest U.S. 26,000
desert
C3 Atriplex sp 260, 520, 8 hrs
and C, Atriplex sp 1300, 2340
from arid habitat, and 3900
California
5 annualg in 5200, 1742, 8 to 17 weeks Moyl
Mojave Desert, USA and 572 ;
ac uwSl L
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and NO, emissions while the kharif crops ave cxnoocd oo . -, 0.
emlssions. Most of the agricultural activity ovccus. &« .  .uchwosc the
plant and to the south of the Gohtki Feeder Canail.
The potential Impacts to agricultural crops are simi.:. '« ... of native

vegetation and can also be inferred from cuperimun:. . “ionn on test

specles. Tables 4.2-3 and 4.2-4 list the efice:. - Ca L. cHposures,

respectlvely, on crop species similar to the oines t...: - Ltivared
around Guddu. As noted from these data, wheat ond voon 0 . g
resistant crops to S07. A comparison of the nvedlctes oo v lans of 509

and NOy and averaging (exposure) times present.:d o "' . ... .. susw the
reported threshold and other effect levels to b Wi e Ul ot nredicted
concentrations. The agricultural arcas arc not ome.. -o o PR
concentrations of SO, and NOy. As a rocsult, no Zupact o o sioature from
the predicted emissions is expected.

4.2.3 Aquatic Impacts

4.2.3.1 Fisherlies

Several species of commerclally important fish ocaur ir . River,

Since cooling water is taken from the feeder canal i wii-.iivi or

impingement impacts to the fisheries of the Indus w: @ : ...i. . Hfecause of
thermal discharge occurs only during hiph flows .t wioc . ¢ . volume of

water and river width is the greatest no thermal ¢:i:ve .  oocur to the

fisheries of the Indus. Modeling analysis (sce Section o007 Mus shown
the rise in temperature is very low; 1.6°C at L0050 . 1. -+ -« . %00 ¢
5000 meters. The temperature increases are not coic o .. e e the

fisheries of the river. In addition, thesc thermal -o:.cen oii ouly occur

along the western bank of the river and cffect Loss i, G . of he width of
the river. No thermal blockage, therefore, will ecc.:. St low flow,

no significant thermal discharge occurs.

Plant wastewater can contain salts, oils and jrease, it coolional rrace
m:tals. Analysis of the potential for low volume (Voanilt Lstenanor

discharges (see Section 4.1.3.3) indicated that lilelihaed o0 o3 caes

discharge in the Indus River is remots. I such s oo 60 o,
however, there is sufficient dilution ranging froo Do . oo polnt of
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Table 4.2-3. Lowest S0, Doses Reported to Affect Crops

Concentration Time
Number Species (ug/m3) Period Effect Sofer e
1 Rice 1,300 1.5 hrs/day Leaf injury and
(Oryza sativa) for 30 days reduction in i
chlorephyll
2 Rice 650 1.5 hrs/day foliar protein Hart:,
(Oryza sativa) for 40 days and ascorbic ociu Pl
recuced
3 Sorghum 117 3 weeks Reduced diy weight  Purmie, 170,
(Sorghum bicolor)
4 Corn 262 17 days Mo yield cffect Llein of
(2ea mays) 1574
5 Corn 812 -7 days No yicld effect Harcil 2t oL,
(Zea mays) 1775
6 Spring wheat 2,600 2 hrs/day Biomass reduced Prosac o1 \
(Iriticun gestivum) for 60 days 1952
7 Wheat cv. Yamhill 260 24 hrs/day Yield reduced neely andd Wilhoor,
(Iciticum sp.) for 30 days 1931
8 Wheat 1,300 100 hrs No yield effect Laurence, 15770
(7 cultivars)
(Iritieun sp.)
9 Red Bean 5,420 1-hr peak Shoot mass reduces! R G P
(Phaseolus vulogaris) 3 hrs 22 percent e
10 White Bean 393 10 days No yeild effect N ! vl
(Phaseolus vulgaris)
n Soybesn 630 3 hrs 19 exposures Koaut of o, b
(Glycine max) recuced yield in
2 cultivars
12 Pinto Bean 806 7 days No effect cn TS Y
(Phascolus vulgaris) 208 27 days height or weight
13 Soybean 367 191 hrs over  Stem but not pou BRI

(Glycine max)

68-day pericd

bicunass reduced.

Mexican bean beetie

reproduction ircreasis
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Table 4.2-3,

Lowest SOZ Doses Reported to Affect Crops (Page 2 of 2)

Concentration Time
Number Specles (ug/m3) Period Effect Refer .,
14 Bean 540 7 hrs for 4 Ho effect BY s diy
(Phaseolus vulyaris) times during Tavier,
growth
15 Grams Grass 114 31 days No effect cn sheat, cauearzin,
(Bouteloua gracilis) root biciass.
Crown bicmass reduz:
at 114
16 Cotton Cotton grown ncar

TVA power plonts

produced rwore bio-

o

mass than plant groan

in remote lccatic:

but no concentratizes

of S0, provided
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} Table 4.2-4,

Nitrogen Dioxide Doses Peported to affect Crup

Concentration Time
Number Species (ug/m3) Period Erfect elerance
Oa%s and 744 NO and 1.5 hrs Temporary |

Alfalfa

Tomato
Pinto Bean

Oranges

1000 NO,

310 NO and
470 NOy

620

120 to 470

20 hrs

10-19
days

290 dayc

(111 and Bennett
K]

photosail i

Tevren and
Sennfield, 1976

Reancea to00 oo s Toavior and Eaton
welphis 1o

—

Uheapson, et al.

Reduced jru s

welpht ol oo L0

4-56

BEST AVAILABLE DOCUMENT
ol



-

R ‘;1‘«. . 10/”.2(]
g56/29/88

discharge to 59 to 1, 5000 meters downstream “o:r .. . : . salivion,

i.e., 1 day - 10 year low flow,
No discharges from accidental spill on the plant st ¢ ~woapated gince
there is sufficient containment systems and th. ror .o - o .oil makes

migration of a spill the river unlikely (sece Scenion

4.2.3.2 Endangered Species

The endangered species that occur or coul. vceur io .. . . .lte ar the
plant are Indus dolphin (common at the barrag: -, o o aesed
expurgated from the marshes), various ducls are: .. woieh utilize
the marshes, ponds and temporary lakes in the ..o ... - ool water
quality conditions from operational activitias ;.. ¢ . v aruatficant
toxic discharges reaching the Indus River. anc. .: . o owential for
accidental spills such as oil indicate chat oo, oo omlixely,
If an oil spill occurs, it will either be conrni- - : ' ~. Le contained
within the bunds and not migrate to the siver, . Coo s thermal
impacts does not exist since during the Lih ..o O Sl thie
discharge will result in no ebservable Leolio T U irine of the
river. During low flow period cooling towers 7.0 5 . . viormal
discharge will occur.
4.3 SOCIAL AND CULTURAL ERVIRONMENT/DEMANDS ©iv oo EOTIARY
INFRASTRUCTURE
4.3.1 Land Use Impacts
The proposed location of the Guddu expansion proieo. L ~ e with the
existing land uses at the site and will be contin:. . “io o Thermal

Station compound. However, the relocation of . iiw-.

structures will be required.

Fill from the Indus River is presently beinr stovapioo o o L0 L pow backup
cooling tower. The siting plan requires gradin: oo L Logareposad
site to an equivalent height of the exilsving 0 0 0 0 80
above M.S.L.). The estimated amount or CILl v : L lle areda
is 225,000 cubic meters. Dumptrucks are belng noo . Co il up
from the river; it is uncertain if draf: anloal oL Lol Uhe

-

19

/
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fi11l over the short distance from the cooliny zcw.r . o ed EN0 MW
site (about .6 km). No impacts to the rxisvin. ‘... .. oating and
filling are expected.

4.3.2 Demographic Impact

The average construction work force for the 200 7 .x. .. © . ticject 1989.
1991 is estimated to be 1200. In addition, there n.- - =10 poeople
working on other contracts directly administered o . % &+ projected
operational worker population is estimated o v * . . ©orreanel,
4.3.2.1 Population Patterns

The construction workers for the expansion projoc. = . 0 woae from the
existing combined cycle project while boti W . . cao e will fill
operational positions. As a result, popuiation. si:. o Lo .wist oat the
Guddu site are not likely to change with tle Guii.

4.3.2.2 Employment and Economic patterns

During construction about 1200 workers will b CLyLe o
construction, the work force will stabil:ise o o i Cooranional
workers. The total number of additionail peoplc v oot Tive in the
area is expected to vary during the 1ifc¢ i i . .. . Loeun 3,600
during the construction phase to about 60l wuri:. . © . o variation
will be due principally to the growth in th s - o avoand the
arrival and departure of construction workers. ov . . - . o raation
workers will likely be those already workin, o .. Coon oW project
and no significant changes is expected.

Several types of taxes and -uties will be coll oo - ~o o ect by the
Government of Pakistan, the Government oi 5ind trict
Government. During the project start-up pitic,

collections have been estimated to abour 2 L1, . . ©oon the
projected work force and an average tax rate o b . el 1980).
During the operation phase, annual income tax ool . e
estimated to about Rs 650,000 bascd on an aver. . = : I RS 2
(ESE, 1986). O0Overall annual average income Lo Lo . et estimated
to be about Rs 52,000,000 for a 30-year lite or ci oL Cooaddition to

4=54
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income taxes, duties and sales taxes would ep.oi.

usually as a percentage, that would apply to th:

The local economy will not substantially chanye
period.

point significantly lower than currently exisu:.

considered on overall positive economic benel!:

area but will cause short-term economic aizvu .,

period ends.

economic disruption would also occur.

With the additional development of Guddu pawe: Baani,

opportunities should be available to the loca.
the basic employment patterns that cxin.
availability of the local people may be limito.
agricultural activity, their lack of euprricuc..
continued employment in secondary infrastructus.
worker colony areas. As the construction
unemployment could increase and may precent pv
Similarly, at the end of the project, unuup
loss of jobs.

4.3, Primary Infrastructure

Sufficient housing will be available in the Wadis

are going to be employed specifically for the
presents housing construction by WAPDA cmplove.
phase of the Combined Cycle plant and both phasc:

\

construction by WAPDA employee category tor th-

After that period, the economy mav drorons

If the project ceascs to exist ot v

IS SR TR

NS

Some of the construction workers' housing curronn. s

of the Sukkur-Guddu Road near the propoucd oy

relocated. Another cooling intake will be comut.oa .

residences now exist. There are currventiz Sinci

and Pathan tents with about 35 draft animals in i

for housing is available adjacent to thuv site ua

workers,

4=59
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danount,

Ghentuction
if at a
are
conoand local
construction

20 year life,

»inenii
assumed
R The
crtengive

cinwond of their
cnds, local

of the

PRERREIT N

rrevs that

Tabie 4,3-1
20 M

.

sing

i awellings
s licient area
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Table 4.3-1.

Residential Colorny Housing Construction (1586-1 i,

450 M4 CCP

;ategory WAPDA Salary Grade Constructed
(Gr) Houses
[ (A-Type) 20 0
1 (B-Type) 19,18 6
11 (C-Type) 17,16 10
V (D-Type) 15-11 59
I (E-Type) 10-3 73
T (F-Type) 2,1 73
TOTA' S 221

Howwon Uidr

Corstnacsion

G
4
17
43
49
o

153

271

0
0
7
9
37

2

L 75

03 MW CCP
. 1(1990-91)
STean Turbimes)

ource: WAPDA Administration Files-Guddu, 1988.

4-60

BEST AVAILABLE DOCUMENT

/D



4,3.4 Secondary Infrastructure

As discussed previously in Section 3.3.), in ail::
and theilr dependents, other people have been .::r.a:

complex area. The expansion will likelw .opvi:

of this secondary development will occur ::.

The current community contains varicus h.ogi

i

colony residents, including various retan!l i,

shops, small hotels, and firewood yards.

shops in the same building or in the same .re...

Based upon previous experience at the Guidu

to 300 additlonal people may live in the seca, oo

secondary population growth (200-300) whin oo

f.e., workers and their dependents, is uot cono.

the infrastructure requircments of the DOWe Y

dependents will be provided, the infrastructu:.

secondary development will not be provided, 1.

services will likely include housing, heolth ci: -

protection (WAPDA, 19838).

HOUSING

Housing will rot be provided for construction w.vi .- -

population growth resulting from the conprasatl

area. This secondary growth is not expected

provide such housing. Based upon the cxissin

activities at Guddu, it is anticipated thot e

secondary growth could easily be generatcd by

builders.

HEALTH CARE

The WAPDA medical f.-~Ility will continue to prowid.

persons who are not WAPDA employecs or their dependoannn

paid. Medical care is also available in Guddu

Drem

worlers

Ll power

o lacation

Ldonviried.

that 200
This
vopulation,

aslthough

SOeLr
he

ivies and

police

.n the

abllity to

eration
vodate this

wral
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EDUCATION

Educational needs will be slightly increascd duc to .- . iviated
secondary development. These needs will be pors . o - o nroject,
Schooling for children of parents who are nrot ... . : Cothedr
dependents will be made available upon pavaci: 1 . . c. . A fee for
each child of non-employee parents artemiingg ... ... ~ .owrently Rs
45 per month at the Guddu colony. The nwnti... . - - S s Gaddu
after recurrent discipline problems were cncouaies. . o i idron who were

not residents of the WAPDA colony. The oo, wiii, .. - Sirieanvay higher
for non-resident children and which is expensive o0 vl v newis
standards, will have the effect of reduciuy sar-t i ¢ .- v From WAPDA

schools.

POLICE PROTECTION

The increase Iin population will not have a sigrivica [ an present
Security (police) for the area. Providing poli=e povr i i Lnd maintenance
of law and order for secondary community dev.icowa. 100 L tha

responsibility of the Sind government.

4.3.5 Cultural Resources

4.3.5.1 Cultural Patterns and Values

The labor pool at Guddu is comprised of Sindhis, Sartont s, natuehis, and

some Pathans. The hiring practices of construc-l.. . - - .- ot
expected to dramatically change in light of ti.. i .- IR

composition. Likewise, domicile arrangeucnts _or mvt o .0 L L woriers are
not foreseen to pose any major problem. Separatenass s lotarchy are
traditionally embedded norms of these Paliiscani .ol Srengoa. A premium is

emphatically placed on being with one's own ki,

%.3.5.2 MHstorical and Archaeological Resoure. .

Because of the disturbed nature of the sire, anc st ofeal oo
archaeological resources will not be affecred b si.. cvemnon project that
are not already i{mpacted. A chance find provici o i ‘.1 ool o the
mitigation plan to provide protection for -mcow o

archaeological resources. ‘It should be novoq,

archaeological importance of the site in oversio.. . - i
4=062 e
U EST AVAILABLE DOCUMENT

/i



existing historical and archaeolegical sites ar ol -

Section 3.3.3.2).

4.,3.6 Transportation System

Lo-ESSALL/ 3G
08/29/88

(refer to

Construction of the expansion project will ze.ul.o Seiav iy of
transportation facilities to provide for the wov. i ..l titerials and
workers to and from the project site. Examin.i... oo sai., and harbor
facilities in Sind Province and discussions w.: L L garument of

Highways, and a special carrier contractor ina:. ..
project will be moved primarily by road, wi:n

via the Port of Karachi. Worker movement will
transport.

Shipment of construction materlals, operation
workers will originate primarily in the Gud.in
over the Indus Highway and/or the Nition.l i -
5.4-m (18-ft) wide, asphalt-paved road running
The

of the Indus River valley. Hational i

River at Kotri on the Kotri Barrage, nor i,

The

runs

latter hivico:

side of the Indus River valley.
traffiec than the Indus Highway.

However, o fi-v
{s underway which i{ncludes both the Kotri Bur: - .
Highway north of Kotri and Hyderabad. Until -0 -

loads may have to be diverted to the Indus Hidle

Improvements to the Indus Highway are also piaa:
Department has developed plans, specitications,

expand the Indus Highway to a full 7. 3-meter (.

the load-carrying capacity to 22,000-1h nxle Losdin. S ie

been made to the Government of Pakistan Yor fui.i.:.

step, the Indus Hiphway was recently proclalmed
the coad

Super Highway System. Improvement of

project for the movement of materials.
Given the present situations and povernnental
that will require project fundinyg for the Lranipe .

)
“=0
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The existing road and port facilities have huand.eu
the past and are considered to be adequate to ...
materials and workers between the Karachi and ih. i
increase slightly; heavy loads and traffic hawv. boe
road. Improvements to bring the Indus Highwav
standards would greatly benefit transporticion '.o«..

Access to the Guddu site, however, is rot conting .

4.3.7 OQccupational Health and Safety

4.3.7.1 Occupational and Safety Hazards and Foienii- .
At a gas or oil-fired power plant, both health f.v.d
exist. The interaction of a worker with the cnviro:.
course of his job, brings about occupaticnal uana s.:

to these hazards can result in short-cerm and Loos -,

and premature death,

Occupational Hazards

"Occupational” healtih hazards are those resulting in

health. They can be classified into four majoy cat.

Biological - due to bacteria, funjue o gno.o

Chemical - due to dermal or vespir.co-oo

chemicals in the fare .

Physical - due to heat, noise, w0 . -

Stress - due to chemical, phvaic

ergonoiric factors

The effects of two or more health hazards iy of:
1s a cumulative effect, However, thc cffects o1 ...

difficult to quantify, as the magnitude depends

health of the individual, age, climate, dict,

At oll and gas fired power plants, such as =he oo
main health hazards include exposurec to toxic Ju: s

it

excessive heat or noise.

S15-ESSA L4 /35

08/29/88
toads in

sosievenment of

will
~1on this
Juper Highway

avea.,

Luprovements,

wley hazards
Loouwshy the normal
LLvin, Exposure

s, disabilicy,

crow impalrment of

Loeare of coxice

f 34}
b ov
iw., L.e., there
el o harard are

including
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The existing 600 MW GTCC power plant at Guddu wiis s

health hazards.
identified with oil and gas fired power plants, the

were identified as primary concerns:

Noise- The World Bank occupational guideline {ov

dBA. Noise levels higher than this can caus.
and increase stress,

increase accident rates. Noise levels nighes

at several locations within the existing ouy

included locations near the gas turbine e
mixing plant, and at the gas reducing suvatior..
of 100 dBA were measured at the gas nixing

station.

Heat--The Guddu site experiences very hot and div

Workers in the construction and operating

spend many hours in these conditions as 3 tupo...

In addition,

equipment, such as the gas turbines, hcat Tooover

other outdoor equipment. In certain instance:,

a potential problem due to heat gencrated Ly

ventilation.

Dust--The Guddu site is located in an eXEraie

rainfall seldom occurs, and as a result tho LU

vegetative covering. Dust is generated pri
activities (i.e., ear thmoving, bulldoxzing,
over unpaved roads).

Wital il

vehicular traffic over unpaved roads.

significant during both construction and Ol Lo

lead to many problems, including worker’'s L.l

operating equipment, and increascd mainteiin ..

and buildings.

4-65 14
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Safety Hazards

"Safety" hazards are hazards which can result in ian:
Yy

harm to an individual. They are associated witn freo:e:

processes, and often involve jobs or tasks for w

Most safety hazards fall into one of the follewin.
Stationary machines (with moving par::.
Moving equipment and machines
Electricity
Flying objects resulting in loss of oyesi;he
Falls
Fires and Explosions
Heat Stress
Noise
Vibrations

They result in burns, electric shocks, cuts, bruise:,

bones, loss of limbs, eyesight or hearing, and sometimes

the case of occupational health hazards, two or more ot

have a synergistic affect.

In a power plant, the primary safety hazards invoive beo

explosions, electricity, heat and noise.
Based upon surve, of the existing operations at Unili.,
documented experience at other operating oil und

following safety hazards were identified as of

Electricity--Electrocution from contact witi 1%«

transmission lines, other electrical equipeent oo

injury or death. There is one documenced .o
worker at Guddu. This occurred when a waricr .

which was under a major transmission lin.

was wet at the time, and the worker placcd wis ...

the same time that high voltage from the ow: e
discharged to the truck, thereby electrocurin,
several overhead transmission lines at th. ©ii -

Some of these lines are low by internatio:..!

4=61, ﬂ'r_ST A\/A
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other structures such as buildings and tanks, whicl inoroases their

potential as hazards.

4.3.8 Industrial Hazard Assesswent

As part of the ESSA, the potential for a major scciceit associsved with the
Guidu power development, which may affect the enviroicent cotside the plant
boundary, must be addressed. This requires that o ool annivsis of the

proposed facility be conducted to determine the nwroe.ii. . cinaoe from the

acciderntal release of toxic, flammable or exple=:-=. . . : ..  The analysis
provides an identification of the major hazavd: ... .. . .2, the
industrial facility. Based upon the potential rui ... - Lo cuch hazard,
the hazard can be reduced or eliminated throuph pruce:. ... reduction
of hazardous chemicals on-site, use of containm i sicue o cdification
of site layout, and implementation of emergency cloaniiin Lo,

The Guddu power development and proposed 300 MW 7UCL cnsacion uses oil and
natural gas as fuels. Because of the large quancici . o: oo fuels that
must be handled and stored, a potential hazard coiice v aptare, fire and
explosion. Large quantities of other chemicals e ioo vt iyl processed,
used or stored at the site. However, small quaniniye. oo vexis ehemicals
may be used for water treatment and maintenanze - . ... G Based
upon review the proposed facilities associated witn

expansion, the following potential catastrophic hauocoo v Pdiacified:

* Rupture of natural gas pipeline

* Fire associated with rupture of nacural sas pipeling

* Rupture of oil storage tank

* Fire associated with oil storage tanis

* Tanker truck fire and explosion

* Spill of toxic chemical into wastewater roavnens svstem

Each of these potential hazards is evaluated in ‘.= Lollowingg sections, by
methods recommended by the World Rank (We»lu Banic, % . e wwchods are
simplified and conservative, and offer an initial vosiot: . 20 hazardous
potential. If more precise estimates of harm are d.iice  orw etailled

analysis using more refined techniques should be cmplo-

4-67 BEST AVAILABLE DOCUMENY



No attempt has been made to estimate the probub Plive o7
accident occurring at the site. Such accidents Torothne

extremely rare. The probability of an accident veetL e T

S015-ES5A.4/39
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cofev industrial

Lalture are

e reduced

through proper training, maintenance and prevention moaaniios

4.3.8.1 Rupture of Natural Gas Pipeline
A potential catastrophic accident associated wic.. ..
the rupture of the pipeline and release of natiic:.

The rupture would produce a continuous relcase oo f.iior:..

of rupture, and the resultant plume would move Cuwriic.
according to meteorological conditions.
The primary constituent of the natural Fas USCe L o

minor amounts of ethane, propane and butane, aund ovhoc

1s not considered as a toxic air pollutanc,
i.e.,

considered an asphyxiant, if present in suificiinn e

AN Yerroawe Vo

result in oxygen concentrations of less than 1i: i

hazard to people.

The hazard analysis evaluated the potential for « iiits.::.

rupture to produce a plume containing an OXYgFEn COna L el

18% by volume (180,000 ppm). Considering the nerma!

atmosphere to be 20% by volume, the natural

TaS COLce L
would need to be 138,000 ppm or greater in orde: i
Based on a

oxygen level to 18% or less. pipeline:

3,055,400 scfh of natural gas (equivalent cto the o

Howenve s R ORI

yovG Lo,

a4 pipeline is
e atimosphere,
at the point

Ghanerse

with

Telnane,

Methane

IR N

neentrations can

Lereby posing a

vipuline
o less than
sent of the

che plume
evaerall
Lalng

suinption of

the proposed 300 MW GTCC expansion) the hazard .naiveic iicites that such
a level of natural gas concentration would not wxist Joor che
rupture, due to normal atmospheric dilution and dlovers o Ata distance
of 25 m from the rupture, the predicted maximum so5 coronir . tion is only
8,000 ppm, and this is under the most adverse metcorale itions.,  As
a result, there appears to be low potential for . nii.i rupture to
cause a hazard downwind of the rupture, duc to the ceocenir.iod lume of

gas.
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4.3.8.2 Fire Assocfated With Rupture of Natural uos HERART R R
A second hazard associated with a natural gas plincline ruoore g that of
fire. Such a rupture, if {ignited, would produce i v Ioo. The resulcing
radiation from the fire would have the potentia. co .. Sl or

casualties. The hazard analysis focused on esti.cit .o, tin i intensity of

the fire and the resulting damage area. The methicdo o, 0 e wans that
prescribed in the World Bank's Manual of Industvia. oo fsoessnent

Techniques.

As in the case of the gas pipeline rupture, the gus L0 von Doe rupture
was assumed to equal the maximum gas consumpticn o7 . U pened 300 MW GTCC
expansion (3,055,400 scfh). The predicted arce oo L. b lic- Clie,
potential casualties) is a 50 m radius surroundin e Tanluare point,

Beyond 50 m and out to 100 m radius, no casualtlvs oy oxpccted, but other
Injuries such as burns are likely. Within a 50 & rodive :oon s fire,

100% lethality is predicted. Damage to proces: vagul, Lon oy socur within
17 m from the fire, and melting of plastic tubin; & © coous within a 30 m

radius.

Aboveground gas pipelines associated with the expang: o sheuld be located
considering thess potential hazards. Of major. concury wonld bhe any

residences which fall within the hazard radius. Adoouate trve srotection

and firefighting equipment should be mainfained o i Cuciiity to respond

quickly and effectively in case of a firc.

4.3.8.3 Rupture of 0il Storage Tank

The existing GTCC units have a four tank farm for oi!l stoerape; #ach tank is
located within a containment cell consisting of o combin:ti-n of concrete
wall and earthen berm. Each containment cell bizs con. . cwoor, ditech and
recovery pump for contalnment of spills or smal. '.. - ~roneall leaks or
spills, the recovery ditch and pump system will Le Lo o cuntrol any
materials. Whereas each contaimment cell has beon v o o tooprovide
sufficient volume to retain the entire volume of =i Yo, She structural
stability of the earthen berm creating the perimeter of o ., s

questionable. In the unlikely event of tank papuir o cr oo s sotasurophie
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tank failure, such a large spill would likely cause the cavtien cell berm to
fail.

Due to the pervious nature of the site fill material ..o nresence of the
80 meter MSL flood protection bund, there is lic:!.- Loten i Loy the direet
release of oil to the Indus River. However, in the oo catastrophic

tank failure and large volume spillage, oil could L (i

by seepage from groundwater or through pumping of convooioor

for cooling tower makeup. Ir the event of such

a8Suhaa,

the potential for contamination should be

Given these various circumstances, there is vers Titol

directly or indirectly entering the Indus River ruc o

Howeve:r,

failure at the existing GTCC tank farm.

reduced to virtually zero by the construction o .

1

berm or wall around the entire perimeter of the cortoiin....

structurally adequate berm or wall would allow @i tolon

tank volume in the event of catastrophic failure

potential for discharge.

4.3.8.4

A potential hazard similar to the natural gas pipeline

Fire Associated With 0il Storage Tanks

the rupture and ignition of an oil storage tan!: u:o

expansion will have two fuel oil storage tunks locut.:d -

analysis evaluates the rupturc and spill of botl

an oil "pool" within the diked containment area surrc.in. ...

and subsequent ignition and fire.

manual for estimating the damage zone duc to such .,

The predicted radivs from the fire beyond which no «::w

25 m.
m, 100% lethality is predicted.

Within 1.6 m, damage to process equipment would
Some casualties wouilc

radius of the fire.

Compare- to the gas pipeline fire, this type of "poat

to be as serious in magnitude,

4=70
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tanks at the 300 MW expansion site seems to b GG unon this

analysis. However, the oil tanks are situatea wiinii. . cn. .. .. of one of

the gas turbine generating units. There is ui.. ... cloosto enllding which
will be retained located about 15 m from the =aib e
uncertainties in estimating potential hazards, .u we.i .o sl added

potential of explosion, it may be appropriatie o re.owale flese tanks to a

more remote, safer location.

4.3.8.5 Tanker Truck Fire and Explosion

Another potential hazard which exists at Guddu wnd NewoLusCease duc to the

proposed 300 MW GTCC expansion is a tanker truck tir. ... wiplosion,  Tanker
trucks delivering fuel oil to Guddu forim a 1ine i, e lting, to unlead,

sometimes stretching for a mile or more. The trucir .- Gewial iy oparked

very close to each other. T[ one of these tvucis covnr ©o-e and ¢xploded,
a chain reaction might be set off affecting rany Lo This
represents a hazard to property and people. The fioiarl i ris asscsses

the damage potential from such an accident.

Using the recommended World Bank hazard assessmen: Cennilguen, the damage
area due to thermal radiation from a tanker tirucx Slve laoreiavively small.
Beyond about 10 m from the fire, no adverse atfic.::
Beyond about 2 m, process equipment would not be it

most severe damage would be caused by an exploding i

analysis indicates that within 120 m of such = Plass, hoove S
process equipment and buildings would occur. Hinor dumaee woouid occur out

to 240 m from the blast,

This analysis indicates that a minimum distance between fmdividual or groups
of tank trucks should be set to protect both equipment wnd people in the
area in the event of an explosion. At least 20 merors hetween proups of 3

trucks should be established as minimum criteria.

4.3.8.6 Spill of Toxic Chemical Into Wastewater Trcaso.:.: LusTen
The greatest potential for the release of toxic materinl ln o whotewaters

comes from any potential for spillage of toxic mauer: Lo the low volume

wastewater collection and treatment system. Such metovind ponenuially

4=-71
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Include oils and cleaning material associated witi ... . . uperation
and maintenance.
Inclusion of a control valve at the outlet From i .. v ivise wiastewater
treatment basin would allow the cessation of iact - 2o cvent that any
toxic material were spilt and entered the low wvoi-w. = . .- Lredtment
system. The treatment basin could then be clenice . . .i.urant removed
prior to further discharge. Such a control walv. weil ;. cra oo sreatest

opportunity to control any potential spills and vo..o.. Shadnar s,

‘7% BEST AVAILABLE DOCUMENT



5.0 ENVIRONMENTAL MITIGATION PLAN AND MONTTOR Y e

5.1 SECONDARY INFRASTRUCTURE DEVELOPMENT
5.1.1

Vith the third and final construction phise o

Health Care

hospital nearing completion, there appears o be ooucoclol

-1 IR

handle seriously ill people living near the
problem which must be overcome is the shortas,.
(WAPDA, 1988). The hospital is equipped o hiil
cannot treat all the palliatively serious Infv.o..:
that occur.
education and reluctance towards Western medic::.
of adequate refrigeration and potable and/or toc ..
public health implications, principally gastrorn:.

are widespread.

df such ill persons in the area, but with healsh voive oo,

these cases could be eliminated.

b: provided a budget to establish a health education oo

atru,

such as UNICEF, to better educate the populace,

health care professional should be dedicated tovarae s

of this program, including literature, is Rs 4224, Lo, v o

Because there are at least two cases of rabies oo

year, there i{s a growing concern among hospital i

unleashed dogs that are potentially rabid wiihii:,
(WAPDA, 1988).

of the compound and within a two-kilometer rac:c.

should investigate the need to develop an auim.l cunio...

compound and nearby area. The WAPDA security ;oiig

Many of these conditions resulc rron oo

Such a program can be coordinated with tn. .-

There were 84 unleashed duge oot

The hospital is not capable o: vl ..

As a resulu, VA i

be the appropriate organization for implemecntin .uc:i ..

5.1.2 Education

The increase in primary, secondary and crllepe foeve]

with the 300 MW expansion ie expected to be swall cou

colony needs.

Two primary schools are currentiv soh

“4015-ESSALS/1
08,26/88
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coincident with the construction phase of the i . o LT adeet,
Another high school mar also be needed to accop.c.i. - :. Looocted students
during the 300 MW construction phase. Enrollwmcn: :. ... cuseciedd to
markedly increase at the college level from the «vi:. (v " -, 170

students Iin 1989,

WAPDA's current program is considered sufficici: Co . .v.:odite the needs of

the secondary infrastructure.

5.1.3 Police
The local police service provided by the Sind proviv-:i | o rrment is

considered sufficient to accommodate the necds of e e covelopment,

5.1.4 Utilities

Electricity is provided free of charge to WAPDA cuplo-

5.1.5 Transportation
Transportation to and from the site is currentiz auee. e, in addition,
Improvements are planned for several of the major higvouer o Le,, Indus

Highway and Natfonal Highway.

5.2 LOCAL EMPLOYMENT

It is WAPDA's policy to hire local people for pociticis rhro-h Grade 16.
Skilled and unskilled construction will likelv be Sired 50 hse additional

positions. WAPDA will provide job-specific trainin;, . veguired, to assure

employees are properly prepared,

5.3 NOISE

Due to the proximity of the proposed 200 MW GTCD o) iai.o. wine cn workers'
villages (particularly in the northwest and sou-:...- . . “oones, 4 osolid
barrier (wall) loca*~d around the site boundariva o o 4oLl to

mitigate noise {._ -.ts. In order to investipute " ot Lenefits of

this mitigation, the nolse impact analysis wau it . ol lid
barrier placed at a distance of 100 m from no:ec. DOV ol ot o T 300 MW
5-2
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expansion site. The simulated barrier was 10 rvo: - ¢oooe plant grade
elevation,
Presented in Figure 5.3-1 is the predictud woise 1o che 300 MW GTCC
expansion only, with the barrier. Compa-isor o “i.0 @ -ure with

Figure 4.1-6 (300 MW expansion with no buarvic:. .o o, t.a: che barrier
can reduce noise levels due to the proposud .. iu oo b up to 15 dBA

near the site and by 10 dBA at further distunce..

Presented {n Figures 5.3-2 and 5.3-3 are prodic ol .o . .ol levels in
the Guddu area with the noise barricr in pl.ce. 7ic.. .. .ves can be
compared to the predicted future nois~ lovels it - crrler (Fipures

4,1-7 and 4.1-8) and the baseline .uisc levels CFLour e L l-w and 3.1-5).
This comparison indicates that the noisce burricr ouic v ice noise impacts

from the proposed 300 MW expansion.

As discussed in Section 4.1.2, baseline noisc .o .. ciwesding 55 dBa would
only slightly increase with the proposcd cupai.ion. .o, . majority of
noise generated at the site is from ex. .., scuices. .o 4 witipgation to

be effective in reducing overall noise lavels ot Lie woovoo v’ colony,

barriers must be placed around such sources as th. sanoanin reducing areas

and the existing GTCC units,

Vegetative barriers would also be effective in redneins o averall neise
levels. Such barriers are less costly than solid ‘.ot -os and could be

implemented by planting rows of rosewood and/ov acacin Cie.n.

It is noted that for any noise barrier to be erfce: ive, ¢ .aust be located
between the noise source and the receiver, i.c.., b..on . wath between the
source and receiver. If the noise source is olcwvi ol o barrier must be

of sufficfent height to block the sourcu-receiver

WAPDA should fmplement a pilot program of plant.: .atiee “roo rows between

the gas mixing and reducing arcas and the existing o7 on. and the
workers' colony. This would require plantin: *: - . . - siters aparc
5-3

BEST AVAILABLE DOCUMINT )
7S


http:receiv.er

.1

Legend

/v Stoam Units 1, 2 Turbine Bldg. :
11 Stoam Units 3, 4 Turbine Bldg. ) o =
C Eyisting GHCC Units 1-4 . .

A ~ GICo Un's £, 8
o T L
i
| BEST AVAILABLE DOCUNENT
| " -
IF Figure 5.3-1. Predicted Noise Impact (dBA) of the Proposed 300 MW GTCC Expansion

Only (with Barrier at 100m)




Leagend

A Stoam Units 1, 2 Turbine Bldg.
1 Units 3, 4 Turkine Bidg.

=3 GVCC Units 1-9

LA GTCC Una 5.6

50

AN e N
AT OO

60

Figure 5.3-2. Predicted Future L., (23) Noise Levels (dBA) with Proposed 300 GTCC Expansion,

with Noise Barrier




9-6

Legend

A Steam Uniis 1, 2 Turbine Bldg.

B Steam Units 3, 4 Turbine BEldg.

C Existing GYCC Units 1-4

D Froposod GTCC Lnite 5, &

i

T Dinaned BEST ln'.“d';\‘a!\_.gnoi-t— S

AL’

Figure 5.3-3. Predicied L, Noise Levels (dBA) with Proposed 300 MW GTCC Expansion, with Noise Barrier




£8015-ESSA.5/7
08/29/88

along a 760 m length. A vegetative barrier is cscinatel to cost Rs 99,863,
Since young trees would be planted, it would tike coversl Vedrs to see its

noise reduction effectiveness. While a solid buavricyr wouid be immediately

effective, its cost is estimated to be Rs 1,010,275 (o selid, steel

reinforced, concrete wall 3 mecters high).

5.4 OGCGCUPATIONAL SAFETY AND HEALTH
5.4.1 Requirements

This section presents recommended general measurcs fo oreren® or reduce

occupational and safety hazards within the proposcua 300 MW GTCC power
plant. For more detailed information, the "Eucyclopedin ol Uscupational

Safety and Health" (International Labor Offica) siwiic s seferenced,

5.4.1.1 Occupational Health

Noise

Hearing protection capable of attenuating the noise level to 40 dBA or less
should be provided to workers working near the gas turbines and in the gas

mixing plant area. Protection should also be proviiica I oworzers indoors in

the area of the gas and steam turbines. Good =maini..iciwe. o cquipment can
also reduce noise levels. An insulated control rown e clo e provided
wherein noise levels are 75 dBA or tigher. Toe intero.cn o0 all offices
located on-site should also be maintainecd below o o Lrouph proper

location, insulation, erection.of barriers, or otii.r woasives.  The cost of

personnel hearing protection would be about Rs EIYAENS ST

Heat

Workers operating in high temperature locations stould be viven frequent
4 g p q

breaks away from the area to reduce and control heat stross, Portable fans
located in confined areas should be used to aid ventloatlon,  Appropriate

liquids (i.e., water, thirst quencher, etc.) shoulc oo oice Seadily
available. These measures will not only reduce tine Lo fvom the job due

to heat stress, but workers will perform bettesr when o thoe job,

BEST AVAILABLE DOCUMENT
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Dust

Fugitive dust emissions should be reduced as much as posnible. A temporary
measure to reduce dust is the watering of dirt voads. o be effective,
water must be applied in an appropriate manner (by w.ter tank truck using

proper spray nozzle system), and frequently cnouph oo sippress dust

emissions. This may require use of several water o:rove. 1L may also be
used on dirt roads, but is generally not recommenicu leoa e of its high
cost and its potential to create waters pollucion thirousi runoif or seepage

into the groundwater. More permanent measurcs Zor <irt roeds are use of

gpravel as roadbed material and paving with asphale. Vivepetsted areas which
remajn generally undisturbed should be provided, oi ;ousinle, with a
vegetative covering to minimize windblown dusc. Thiis witisation can also

have aesthetic benefits.

5.4.1.2 Safety

Electricity
Every effort should be made to maximize the vertical distance between
overhead transmission lines and the ground or structures. Strict

procedures for de-energizing electrical cquipment nboiid be rollowed before
any maintenance or repair work begins. If the vquiniisit Lo be worked on

cannot be de-energized, a supervisor should be¢ prec.nn oo ail times during

the work and should make sure all safcty precautivii .o taien., Eleetrical
equipment should be grounded and installed accordin, (. e Uational
Electric Code. All workers involved with clectr:ve. sotusaent should be

trained in proper precautions and the hazards invoiveo wiin eicotrical
equipment and overhead transmissicn lines. Revival tochniicues for
electrocuted persons (i.e., cardio pulmonary resuscitacicn, should also be

taught to supervisors.

5.4.2 Training

The primary means of preventing occupaticnal crposure ane fadastrial

accidents is through proper training of worker:. worker, should be made
aware of occupational and safety hazards in the workpiace, snd should be
trained in safety and precautionary measurcs. This i iveos procedures to
be followed in case of an emergency; use of protCucti-. Cootinment;

BE”'\*/\'“E ROCURTNY
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Indications of dangerous conditions; instruction in prover use of all

equipment; and the location of fire extinguishers, iro Lodraunts, and
emergency medical treatment stations. Training should neonpass all levels
of workers, including management. A full-ctime profusoicn.. trained in
operational safety should be dedicated to a craining program. The cost to

implement this program is estimated to be Rs 140,000 rear,

5.5 DOMESTIC WASTEWATER

As discussed {n Subsection 4.1.3.5, mitigation is ruquired for existing

sewage treatment, Table 5.5-1 presents a conceptual Jesiyn for a
facultative/maturation pond to handle the existing wnd anticipated domestic
wastewater. WAPDA and the construction contractor currently have the

equipment to develop this pond.

5.6 EMERGENCY PREVENTION AND PLANNING

An effective technique in cmergency prevention and planning is che
preparation and implementation of a Spill Prevention, Contvol,

Countermeasure and Cleanup Plan. This emergency preventicn and planning is
equally applicable to the existing thermal and GT/HRSG units as well as the

proposed 300 MW expansion.

The objectives of the Spill Prevention, Control, Counzermcasure and Cleanup
Plan include:
1, Prevent or eliminate spills
2. Designate a responsible individual(s) to coordinate and supervise
the various control, containmenc, clean up and disposal of
spills.
3. Establish and implement effective procedures for reporting
spills,
4, Develop standard operating procedures for controi, containment,

clean up and disposal of spills,

BEST AVAILAD!LF DGCUMCHT
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Conceptual Design for a Facultative .iuwrouion Pond
{rom the

System for Existing and Anticipated Wi

Table 5.5-1.

watler

WAPDA Colony at Guddu

General Design Condition

Estimated Domestic Wastewater Flow 8993 motnrs3/day
8,993,160 Jiters/day

1650 gatlons/minute
Untreated Influent BOD 200wy
Total Daily BOD Loading 1,798,632 poums 50OD/day

Facultative Pond Design

Facultative Pond BOD Loading Criteria 30 prams 50D/m3-day
Total Required Facultative Pond Volume 56,955 cubic mesers
Design Debth 2 nuterns
Required Facultative Pond Arca ) 29,977 square mcters

3.00 hectares
7.4 acres
Maturation Pond Design
Total Design Retention Time 14 days
Total Design Retention Volume 125,904 cubic meters
Design Depth 1.5 meters
%otal Required Area 83,926 square meters

Recommended Number of Ponds in Series

Recommended Individual Pond Area

8.39

20.7

2

41,968

hectares

acres

square meters

4,20 hectares
10.4 acres
Total System Performance
Anticipated BOD Reduction 87.5

Anticipated Fecal Coliform Reduction

99.C

REST AVANLE
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Prevention or elimination of spills is probablw tin o

to minimize the total release of hazardous or vomi . .-

following is a minimum spill elimination propram:

1. Identify all
materials;

2. Identify all
could spill, leak, or otherwise relesse Lonmlc
materials;

3. Routinely inspect all plant systems handlin.
toxic materials to assure that all neceas o
respect to the potential for spillac. or
performed in a cimely and quality manner;

4, Educate all staff operating or maintainin-
the proper techniques and proccdures;

5. Assure only trained staff have access ro

handling or using hazardous or toxic materinls:

6. Monitor and report the actions taken to lniion o

actions.

The second most important action is the organizavi.

Spill Manager. This individual (or in the cusc -

that shift) has responsibility to coordinate aund rupeilc.

control, containment, clean up and disposal activit:..
spills.

to mobilize all necessary and appropriate

Organizationally, these individual mus:
resounes

degrees of spills, including any catastrophic sp.il.u

In the event of a splll, implementation of cifcctive =y

reporting spills are the first and most important stop
control and clean up. The following information should
quickly as possible to the Spill Manager:

1. Location of the spill

2., Source of the spill
3. Time of the spill
4,

Volume of the spill

5-11
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Nature or contents of spilled matevial
Potential hazard associated with the spill

Has any containment be obtained?

W N W

. Has the spill reached a body of water, ditch or drain?

Finally, effective cleanup is totally dependent on the preparacion and
implementation of Standard Operating Procedures for centaining, removal and
disposal of spilt materials. Each of these Stancard Dpuraving Procedures
will vary dependent on the hazardous or toxic materiai ‘duntified in the
system inventory.

For example, fuel oil spilled on soil (a common cccurrenc: ut the existing

thermal units) should be excavated and properly incincrated. Fuel or other

oils spilled on impervious surfaces (such as thie piaut rleor or exterior

pavement) should be physically contained, collected wivl. =orbant material

and then properly incinerated. Acids or caustics citne o cieaning) should
be neutralized and diluted. Any acids cr causctice <. .o iarse volumes so
as they cannot be neutralized should be removaed, foo..00 L Ll concentrated

by evaporation; any residual sludge should then be townriiized and properly

landfilled. 0ils spilled on water should be contiiied iovoloatily, collected
with sorbant material and properly incinerated; any ol onich cannot be
absorbed should be dispersed using appropriute diici.. : .pents.

Exact procedures will be dependent on the materian.  ©o.nticico during
material inventory. The Spill Manager must be respon. bic Lor identifying

all equipment necessary for spill control, all personne. responsible for
spill control, and all appropriate protective cquipment for the spill

control personnel.

5.7 MONITORING PROGRAMS

The recommended monitoring programs are presented in Table 5.7-1.
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Table 5.7-1. Recommended Monitoring Programs

for the Guddu Power Plant Expansion

Discipline Recommended Program Rationale Orsamizaticn
Afr Quatity None Use of natural gas provwces Ml e ooiv
low emissions for mast
pollutants. Monitoring is rot
considered necessary.
Noise Provide WAPDA staff with a Current noisc levels ercecd WAPDA
nofse meter to evaluate mit- world bank guidelines.
igations recommended. Noise
surveys should be performed
quarterly,
Domestic Inspect potential seepage from Seepage currently occurirg WAFDA
Wastewater sewage ponds. Monitor for in area.
80D and fecal coliform in
sells down gradient of ponds.
Cooling Monitor for biocides on a Biocides are used to remove WATDA
Discharge quarterly basis. organisms,
Low Volume Measure for pH and total There is no data availatie on
Wastes dissolved solids on a monthly the existing discharges.
basis.
Occupational  Monitor worker safety during Required to assure recomneris WAPSH aivi G oatr

Safety & Health construction and operation.

Sec..dary
Infrastructure

Develop dialog with local
goverrments on the recommend-
atfons made.

ations are implemented.

While the WAPDA colony can
support many of the infra-
structure requircments, therc
must be follow-wp on the
implementation of these necds
and on interchange with local
goverrmments to determine whorvy
WAPDA can provide additional
assistance.

5-13
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APPENDIX A

LAND AND WATER RESOQURCES
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Table 1. Summsry of flows into and out of Guddu Barrage for the period April 1987 througn March 1988.

Discharge Discharge

Upstream of Downstream of Discharge into Discharge into Discharge into

Guddu Barrage Guwddu Barrage 8.S. Feeder Canal D.P. Fecder Canas Ghotki Feeder Canal
pate (mrsecy (ft37sec) (mi/secy (ftdrsec) (mdrsec) (Ft3ssecy (mi/sec) (1i37wers (n/sec) (ft¥fsec

April 87 1 2,659 93,900 2,702 95,400 0 0 o i 0 0
2 2,976 105,100 2,976 105,100 0 0 0 0 0 0

3 2,178 76,900 2,178 76,900 0 0 0 S 0 0

May 87 9 2,791 105,600 2,948 104,100 0 0 0 8 0 0
2 3,106 109,600 2,892 102,100 3 100 £3 3,100 122 4,300

3 3,030 107,000 2,549 90,000 62 2,200 221 7,809 198 7,000

June 87 1 5,259 185,700 3,597 127,000 314 11,100 323 11,400 24% 8,800
2 7,006 247,300 5,911 208,700 521 18,400 357 42,000 215 7,600

3 5,163 182,300 4,061 143,400 583 20,600 351 52,00 167 5,900

July 87 1 6,570 232,000 5,460 192,800 603 21,300 3200 93,300 187 6,600
2 6,511 229,900 5,457 192,700 578 20,400 255 9,630 221 7,800

R 6,143 216,900 5,118 180,700 496 17,500 265 2,550 261 9,200
August 87 1 6,585 232,500 5,582 197,100 476 16,800 275 9,70 246 8,700
2 5,571 196,700 4,616 143,070 399 14,100 266 9,500 Ple) 9,600

3 6,177 218,100 5,341 188,600 363 12,800 232 8,250 241 8,500

Sept. 87 1 8,406 296,800 7,632 269,500 323 11,400 209 8,10 2 7,800
2 4,885 172,500 4,293 151,600 229 8,100 104 &80 178 6,300

3 2,838 100,200 2,110 74,500 283 10,000 212 232 8,200

Oct, 87 1 3,427 121,000 2,903 102, .0 176 6,200 156 193 6,800
2 2,620 92,500 2,33 82,400 6 200 7 2,200 201 7,100

3 1,872 66,100 1,702 60,100 0 0 25 430 144 5,100

Nov. 87 1 1,645 58,100 1,478 52,200 0 0 25 1) 142 5,000
2 1,29 45,700 1,127 39,800 0 0 34 1,200 133 4,700

3 1,085 38,300 963 34,000 0 0 48 1,70 es 3,100

Dec. 87 1 1,221 43,100 1,073 37,900 0 0 51 1,200 91 3,200
2 1,136 40,100 1,039 36,700 8 300 51 1,600 45 1,600

3 765 27,000 734 25,900 1 400 25 San 0 0

Jon. 88 1 552 19,500 238 8,400 178 6,300 113 4,000 20 700
2 1,013 39,300 685 24,200 167 5,900 1324 4,87 127 4,500

3 1,059 37,400 997 35,200 0 0 51 1,800 28 1,000

Feb, B8 1 1,062 37,500 1,037 36,600 0 0 37 1,300 0 0
2 1,187 41,900 1,062 37,500 0 0 37 1,330 85 3,000

3 1,212 42,800 1,059 37,400 0 0 37 1,300 116 4,100

March 88 1 1,126 39,700 1,071 37,800 0 0 34 1,203 20 700
2 1,003 35,400 99 33,500 0 0 42 N 0 0

3 1,178 41,600 1,113 39,300 0 0 42 0 0

Average 3,128 110,446 2,694 95,128 161 5,669 128 4,515 123 4,358
Median 2,639 93,200 2,256 79,65 7 250 65 2,360 130 4,600

Note: Flow data are presented for the 10 day period corresponding with the date ard t.e 10 day
index. For example, Aprit 87 1 corresponds to the average flow observed for the firnt 1 Jauys of
April 1987,
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Water Quality Dispersion Model Description

Pollutant dispersion and resulting water quality impacts ui the
proposed power plant expansion discharges to the Indus Ri v owere
estimated using a dispersion model presented by Fischer et al. (1979).

The basic equations in the Fischer model are:

and:

Where: C = mass conceutration

M = input of mass per unit time

U = cross secticual mean velocity

= depth of cpen channel flow

= widtY of npen channel flow
distance in direction of flow
distance in direction #cross flow
dimensionless longitudinal distance
dimensionless transverse distance
t= transverse mixing coefficient

me X< X 5o
]

For conservative substances, the model reflects the following
assumptions:

"1. The system is in steady state.
2. The system is wvertically homogeneous,
3. Latcral and vertical velocities are negligible.

4. The longitudinal eddy diffusion is negligible compared to
longitudinal adviction.

5. The downstream velocity 1s constant.
6. The water depth is constant,

7. The reaction rate is zero (i.e. pollutants within the
mixing/dispersion plume are conservative).

To execute the dispersion analysis, the various model paramcters and
coefficlents were estimated based on available data and {nformacion.
Channel geometry (e.g. width and depth) was estimated based on
available data. River velocities were estimated based on the cstimated
flows for the conditions of analysis and Mannings Equation o open

channel velocities.
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Impact modeling conditions were estimated based on the median flow
ch 1988 and
charge

Yor the

¥

conditions observed during the period April 1987 through :
the calculated 1 day - 10 year low flow. Cooling witcr .
impacts were evaluated under median river flow conditio:
median flow conditions, low volume wastewater impacts . [ndus
River (and the assoclated mixing and dispersion) wore o Lted based
on dilution with the circulating water discharp~. For tic | day - 10
year low flow, low volume wastewater impacts on the Indus 2iver (and
the assoclated mixing and dispersion) were estimated buasca on dilutien
with the cooling tower blowdown discharge.

All dispersion analyses from the stormwater discharjecs wore assuwn:d to
occur from a single point discharge were the circulazing, wicer Lelurn
ditch enters the Indus River on the western shorelin..

The most critical model coefficient is the lateral or transverse mixing
coefficient (E.). Fischer et al. (1979) summarized varvious
measurements of the transverse mixing coefficient in natural streams
and rivers. To facilitate the comparison of data collccred from
différent rivers under different flow conditions, the transvaerse

. dispersion coefficient was normalized by dividing the doy (d) and the
‘shear velocity (u*). Based on their review and compiti Voo f
available information, Fischer et al. (1979) concluded tiaz Et/duk =
0.6 + 50%. .

Based on these data, the Indus River transverse mixing covificient, 1in
the form of the normalized value Et/du*, was assumed to L cqual to

0.9. Based on the information and conclusions prescnced by Fischer et
al. (1979) and considering the geometry of the River at the project
location, this is a reasonable assumption. A summary of =he various
hydraulic parameters used in the analyses under both flow conditions

are summarized in Table 1.

To address the impact of the increased wastewater (assocclated with
proposed expansion) on the existing conditions, the dischary

wastewater concentration (associated with proposed cxpausion) was
assumed to be 100% and background concentration (including the
vastewater from the existing units) was assumed to be U3,

For circulating water discharge under median flow conditicis, the
results of these analyses are presented in detail in Tabic 2. For low

volume wastewater discharges under median flow couditions, thu results
of these analyses are presented in detail in Table 3. For low volume
wastewater discharges under median:' flow conditions, the results of
these analyses are presented in detail in Table 4.

Source: Fischer, H.B, E.J. List, et. al., 1979; Mixing in Iinland and
Coastal Waters, Chapter 5; Academic Press, Inc., Orlando, Floerida.
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Table 1. Summery of Hydraulic Parameters Used in Modeling

: Median 1 Day
Hydraulic Annual 10 Year
Parsmeter Units Flow Low Flow
Discharge meters3/second 2,256 131

feet3/second 79,650 6,400
River Width meters 1,600 640
feet 5,250 2,100
Average Velocity meters/second 0.634 0.334
feet/second 2.08 1.10
Average Depth meters 2.22 0.85
feet 7.29 2.78
Shear Velocity meters/second 0.063 0.033
feet/second 0.208 0.110
Transverse meters2/second .0.127 0.0255
Mixing Coef. feet2/second 1.365 0.274
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Table 2. Indus River/Circutating Water Discharge Dispersion Modeling - 1987-1988 Median Annual Flow
Indus Rfver Conditfons

River Channel Width 1600 meters

Average River Depth 2.22 meters

River Discharge 2256 meters3/second

Average Flow Velocity 0.634 meters/second

Flow Shear Velocity 0.063 meters/second

Transverse Nixing Coeff. 0.127 meters2/second

Background Concentration 0%

Circulating Water Discharge Conditions
Discharge Flow Rate 7.63 meters3/second
Discharge Concentration 100 %
Mixed Concentration (% of Initial Concentration) at Various Distances (meters) Across Indus River
Distance )
Downstream
(meters) 0 160 320 - 480 640 800 960 1120 1280 1440 1600
500 30.4% 0.0% 0.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
1,000 21.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.C% 0.0% 0.0%
1,500 17.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2,000 15.2x 0.0X 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2,500 13.6% 0.0X 0.0% 0.0X 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
3,000 12.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.Cx 0.0% 0.0%
3,500 11.5% 0.0X 0.0% 0.0X 0.0% 0.0% 0.0% 0.0% U.0% 0.0% 0.0%
4,000 10.8% 0.0X 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.0% 0.0% 0.0%
4,500 10,1% 0.0% 0.0% 0.0X 0.0% 0.0% 0.0% 0.0% 0.0x 0.0% 0.0%
5,000 9.6X 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
5,500 9.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
6,000 8.8% 0.0X 0.0% 0.0% 0.0% 0.0X 0.0% 0.0% 0.0% 0.0% 0.0%
6,500 8.4% 0.1% 0.0X 0.0% 0.0% 0.0% 0.0% 0.0% 5.0 0.0% 0.0%
7,000 8.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0. 0.0% 0.0%
7,500 7.9% 0.1% 0.0% 0.0% 0.0% 0.0% C.0% 0.0% 0.0% 0.0% 0.0%
8,000 7.6% 0.1% 0.0% 0.0% 0.0%x , 0.0% 0.0% 0.U% 0.C7 0.0% 0.0%
8,500 7.4% 0.2% 0.0% 0.0% 0.0% 0.0%. 0.0% 0.0% 0.0% 0.0% 0.0%
9,000 7.2% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
9,500 7.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
10,000 6.8% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0 0.9% 0.0%
10,500 6.6% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
11,000 6.5% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.00 0.0% 0.0%
11,500 6.3% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5 3.0% 0.0%
12,000 6.2% 0.4% 0.0X% 0.0% 0.0% 0.0% 0.0% 0.0% N 0.0% 0.0%
12,500 6.1% 0.5% 0.0% 0.0% 0.0% 0.0% _0.0% 0.0% 0.u 0.0% 0.0%
13,000 6.0% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% U.us 0.0% 0.0%
13,500 S5.9% 0.6% 0.0X 0.0% 0.0% 0.0% 0.0% 0.0% [P 0.0% 0.0%
14,000 5.8% 0.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% C.0% 0.0% 0.0%
14,500 5.7% 0.6% 0.0% 0.0X = 0.0% 0.0% 0.0% 0.0% 0.0 0.3% 0.0%
15,000 5.6% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% c. J.35% 0.0%
15,500 5.5% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% U.G 0.0% 0.0%
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rable 2. (Indus River/Circulating Water Discharge Dispersion Mcdeling - 1987-1988 Median Anuai Flow (Page 2)
Hixed Concentration (X% of Initial Concentration) at Various Distances (meters) Acress lrdus River
Distance
Downstream
{meters) 1] 160 320 480 640 800 960 1120 1280 1440 1600
18,000 5.4% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0X% 0.0X G.CX 0.0% 0.0%
16,500 5.3% 0.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.C% 0.0% 0.0%
17,000 5.2% 0.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.c% 0.0% 0.0X%
17,500 5.1% 0.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.C0% 0.0% 0.0%
18,000 5.1% 0.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.C% 0.0% 0.0%
18,500 5.0% 0.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.C: 0.0% 0.0%
19,000 4.9% 0.9% 0.0% 0.0% 0.0% 0.0X% 0.0% 0.0% C.O0% G.o% 0.0%
19,500 4.9% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% C.0% 0.0% 0.0%
20,000 4.8% 1.0% 0.0% 0.0% 0.0X% 0.0X% 0.0% 0.0% G.Cn 0.0% 0.0%
20,500 4.8% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% G6.C% 0.0% 0.0%
21,000 4.T% 1.0% 0.0% 0.0% 0.0X -0.0% 0.0% 0.0% 0.c% 0.0% 0.0%
21,500 4.6% 1.1% 0.0% 0.0% 0.0X 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
22,000 4.6% 1.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0 0.0% 0.0%
22,500 4.5% 1.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0X
23,000 4.5% 1.1% 0.0X 0.0% 0.0X 0.0% 0.0% 0.0% 0.0 0.0% 0.0%
23,500 4.4% 1% 0.0x  0.0%  0.0%  0.0X  0.0%  0.0%  0.0%  0.0%  0.0%
24,000 4. 6% 1.2% 0.0% 0.0% 0.0X 0.0% 0.0% 0.0% C.0% 0.0% 0.0%
24,500 46X 1.2% 0.0% 0.0X 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
25,000 4.3% 1.2% 0.0% 0.0X 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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fable 3. Indus River/Low Volume Wastewater Dispersion Vadeling - 1987-1988 Median Annual Flow

Indus River Conditions
River Channel Width
Averege River Depth
River Discharge
Average Flow Velocity
Flow Shear Velocity
Trensverse Mixing Coeff.
Background Concentratfon

Circulsting Water Discharge Conditions
Circ. Water Discharge Flow Rate
Circ. Water Discharge Concentration

Low Volume Wastewater Discharge Conditions
Low Volume Discharge Flow Rate
Low Volume Discharge Concentration
Low Volume Concentratfon after Initial
Mixing with Circ. Water Discharge

1600 meters
2.22 meters

2256 meters3/second

0,634 meters/second
0.063 meters/second

0.127 meters2/second

0%

7.63 meters3/second

0%

2.137 %

0.166666 meters3/second
100 X

Hixed Concentration (X of Inftial Concentration) at Various Distances (meters) Acrass Indus River

Distonce
Downstream

(meters) 0 180 320 480 640 800 960 1120 1280 1440 1600
500 0.66% 0.00% 0.00% 0.00X% 0.00% 0.00% 0.00% 0.00% 0.50% 0.00% 0.00%
1,000 0.47% 0.00% 0.00% 0,00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1,500 0.38% 0.00% 0,00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00 0.C0 0.00%
2,000 0.33x 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 0.0 J.CO% 0.00%
2,500 0.30% 0,00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 10,037 0.cC% 0.00%
3,000 0.27% 0.00% 0.00% 0.,00% 0.00% 0.00% 0.00% 0.00% 3.00% J.00% 0.00%
3,500 0.25% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% C.00n J.05% 0.00%
4,000 0.23% 0.00% 0.00% 0.00% C.00% 0.00% 0.00% 0.00% Q.03 0.ua% 0.00%
4,560 0.22% 0.00% 0.00% 0.00% 0,00% 0.00% 0.00% 0.00% 0.0l 0.00% 0.00%
5,000 0.21% 0.00% 0.00% 0.00X 0.00% 0.00% 0.00% 0.00% J.00% 0.00% 0.00%
5,500 0.20% 0.00% 0.00% 0.00% 0.00% 0.00X 0.00% 0.00% C.CCx 0.0C% 0.00%
6,000 0.19% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02 0.00% 0.00%
6,500 0.18% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.60% 0. 0.00% 0.00%
7,000 0.18% 0.00% 0.00% 0.00X 0.00% 0.00% 0.00% 0.00% C. 0.00% 0.00%
7,500 0.17X u.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% G. 0.00% 0.00%
8,000 0.17X 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0. 0.09% 0.00%
8,500 0.16X 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.0c 3.09% 0.00%
9,000 0.16% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% Ll C.Cl% 0.00%
9,500 0.15% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 3.0 J.03% 0.00%
10,000 0.15% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.030% Dol 0.00% 0.00%
10,500 0.14% 0.01X 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% S.oo 9. 3250 0.00%
11,000 0.14% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% g.n 0.G3% 0.00%
'11,500 0.14% 0.01% 0.00% 0.00% 0.00% 0,00% 0.00% 0.00% 0.0, C.0% 0.00%
12,000 0.14% 0.01% 0.00% 0.00% 0.00% . 0.00% 0.00% 0.00% C.400 0.50% 0.00%
12,500 0.13% 0.01% 0.00% 0.00X 0.00% 0.00% 0.00X 0.00% 0.C0% 0.83% 0.00%
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Teble 3. Indus River/Low Volume Uastewater Dispersion Modeling - 1987-1988 Median Annual flow (Page 2)

Mixed Concentration (X of Initial Concentration) at Various Distances (meters) Across Indus River

Distance
Downgtream
(meters) 0 160 320 480 640 800 960 1120 1280 1450 1600
13,000 0.13% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.C0% 0.00%
13,500 0.13% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
14,000 0.13% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
14,500 0.12X 0.01X 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.0C0% 0.00%
15,000 0.12% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% Q0.00% 0.00%
15,500 0.12% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
16,000 0.12% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
16,500 0.12X 0.02% 0.00% 0.00% 0.00% 0.00%X 0.00% 0.00% 0.00% 0.00%
17,000 0.11% 0.02% 0.00% 0.00% 0.004 0.00% 0.00% 0.00% 0.00% 0.00%
17,500 0.11% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
18,000 0.11% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
18,500 0.11% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
19,0b0 0.11% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.C0% 0.00%
19,500 0.11% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
20,000 0.11X 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
20,500 0.10% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
21,000 0.10% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 60U 0.00% 0.00%
21,500 0.10% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0. 0.00% 0.00%
22,000 0.10% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
22,500 0.10% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
23,000 0.10% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
23,500 0.10% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.5C% 0.00%
24,000 0.10% 0.03% 0.00% 0.00X 0.00% 0.00% 0.00% 0.Co% 0.00% 0.00%
24,500 0.09% 0.03% 0.00% 0.00% 0.00% 0.00% - 0.00% 0.00% ¢ 0.00% 0.00%
25,000 0.09% 0.03% 0.00% C.00% 0.00% 0.00% 0.00% 0.00% 0.0C% 0.00% 0.00%
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Tabte 4. Indus River/Low Volume Wastewater Dispersion Modeling - One Day 10 Year iow Flow

Indus River Conditfons

River Channel Width 640 meters
Average River Depth 0.85 meters

River Discharge 181 meters3/secord
Average flow Velocity 0.334 meters/second
Flow Shear velocity 0.033 meters/second
Transverse Mixing Coeff. 0.0255 meters2/secord
Background Concentration 0 X%

Cool ing Tower Blowdown Discharde Conditions
Cool ing Tower Blowdown Discharge Rate 0.023 meters3/second
Cool ing Tower Blowdown Concentration 0X

Low Volume Uasteuster Discharge Conditions

Low Volume Discharge Flow Rate 0.166666 meters3/second
Low Volume Discharge Concentration ' 100 %

Low Volume Concentration after Initial

Hixing with Circ. Wnter Discharge 87.72 %

Hixed Concentratfon (X of Inftial Concentration) at Various Distances (meters) Across Indus River
Distance

Downstrean
(meters) 0 84 128 192 256 ' 320 384 448 512 576 640

500 5.38% 0.00X 0.00% 0.00% 0.00% 0.00% 0.00x 0.00% 0.0 .GC% 0.00%
1,000 3.80% 0.00% 0.00% 0.00% 0.D0% 0.00% 0.00x 0.00% 0.35x .00% 0.00%
1,500 3.10% 0.00% 0.00X 0.00X 0.00% 0.00% 0.00% 0.00% 0. 0.00%
2,000 2.69% 0.00% 0.00% 0.00% 0.00X 0.00% 0.00% 0.00% 0.2 0.00%
2,500 2.40% 0.01X 0.00% 0.00% 0.00% 0.00% 0.00% 0.50% 0.4 0.00x
3,000 2.19% 0.03% 0.00% 0.00% 0.00x 0.00% 0.00% 0.00% 0.00%
3,500 2.03% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% .
4,000 1.90% 0.07% 0.00% 0.00X 0.00% 0.00% 0.00% 0.00% 0.00%
4,500 1.79% 0.09% 0.00% 0.00% 0.00% 0.00% 0.00x 0.00% 0.00%
5,000 1.70% 0.12% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
5,500 1.62% 0.14% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
6,000 1.55% 0.17% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
6,500 1.469% 0.19% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00x
7,000 1.44% 0.21% 0.00% 0.00% 0.00% 0.00% 0.00x 0.GC% 0.00%
7,500 1.39% 0.23% 0.00% 0.00% 0.00% 0.00% 0.00% 0.C0% 0.00x
8,000 1.34% 0.25% 0.00% 0.00% 0.06% 0.00% 0.00% 0.0C% 0.00%
8,500 1.30% 0.27% 0.00% 0.00% 0.00% 0.00X 0.00% 0.C00% 0.00%
9,000 1.27% 0.29% 0.00% 0.00% 0.D0X 0.00% 0.00% 0.00% 0.00x
9,500 1.23% 0.30% 0.00% 0.00% 0.00% 0.00x 0.00% 0.00% 0.00%
10,000 1.20% 0.31% 0.01X 0.00% 0.00% 0.00% 0.00% 0.00% 0.00X
10,500 1.17% 0.33% 0.01% 0.00% 0.00% 0.00% 0.00x 0.00% 0.00%
11,000 1.15% 0.34% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% ORI C.Uo% 0.00x
11,500 1.92% 0.35% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% S RN 0.00%
12,000 1.10% 0.36% 0.01% 0.00% 0.00% 0.00% 0.00% 0.0C% I 0.00%
12,500 1.08% 0.37% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% FFDIN 0.00%
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Table 4. Indus River/Low Volume Wastewater Dispersion Modeling - One Day 10 Year Low Flow (Page 2)
Mixed Concentration (X of Initial Concentration) at Varfous Distances (meters) Across Indus River
Distance
Downstream
{meters) 0 64 128 192 256 320 384 448 512 576 640
13,000 1.05% 0.38% 0.02X 0.00% 0.00% 0,00% 0.00% 0.00% J.00% 0,00% 0.00%
13,500 1.03% 0.38% 0.02% 0.00X  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
14,000 1.02% 0.39% 0.02X 0.00X 0.00% 0.00% 0.00% 0.00% 0.50% 0.00% 0.00%
14,500 1.00% 0.40% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.05C% 0.00% 0.00%
15,000 0.98% 0.40% 0.03% 0.00X  0.00% 0.00% 0.00% 0.00% 000 0.00% 0.00%
15,500 0.97X 0.41% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.6C 0.00% 0.00%
16,000 0.95% 0.41% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.6Cx 0.00% 0.00%
16,500 0.94% 0.42% 0.04% 0,00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
17,000 0.92% 0.42% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
17,500 0.91% 0.42% 0.04% 0.00X 0,00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
18,000 0.90% 0.43% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
18,500 0.88% 0.43% 0.05% -0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
19,0&) 0.87% 0.43% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
19,500 0.86% 0.43% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
20,000 0.85% 0.43% 0.06% 0.00% 0.00% 0.00% 0.00% 0.00% G.0U% 0.00% 0.00x
20,500 0.84% 0.44% 0.06% 0.00% 0.00% 0.00% 0.00% 0.00% 0.Co% 0.00% 0.00%
21,000 0.83% 0.44% 0.06% 0.00X 0.00% 0.00% 0.00% 0.00% 0.30% 0.00% 0.00%
21,500 0.82% 0.44% 0.07X% 0.00% 0.00% 0.00% ~ 0.00% 0.00% 0.30% 0.00% 0.00%
22,000 0.81% 0.44%X 0.07% 0.00% 0.00% 0.00% 0.00% 0.00% 0.06%8 0.00% 0.00%
22,500 0.80% 0.44% 0.07X 0.00% 0.00% 0.00% 0.00% 0.00% 0.03% 0.00% 0.00%
23,000 0.79% 0.46% 0.08% 0.00X 0.00% 0.00% 0.00% 0.00% 0.C0% 0.00% ' 0.00%
23,500 0.78% 0.44% 0.08% 0.00% 0.00% 0.00% 0.00% 0.00% 0.60% 0.00% 0.00%
24,000 0.78% 0.44%X 0.08% 0.01X 0.00% 0.00% 0.00% 0.00% 0.00% 0.c0% 0.00%
24,500 0.77% 0.44% 0.09% 0.01% 0.00% 0.00% 0.00% 0.00% 0.007% 0.C0% 0.00%
25,000 0.76% 0.44% 0.09% 0.01% 0.00% 0.00% '0.00% 0.00% 0.00% 0.060% 0.00%
BEST AVAILABLE CcOoPY
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Table 1. Conceptual Design for a Facultatives/Maturation Pond System

For Existing and Anticipated Wastewater from the wQPfA
!
7

Colosﬂ at Guddu,

f

7
General Design Condition

Estimated Domestic Wastewater Flow

Untreated Influent BOD
Total Daily BOD Loading
Facultative Pond Design
Facultative Pond BOD Loading Criteria

Total Required Facultative
Pond Volume

Design Depth

Required Facultative Pond Area

Maturation Pond Design
Total Design Retention Time
Total Design Retention Volume
Design Depth

Total Required Area

Recommanded Number of Ponds in Series

Recommended Individual Pond Area

Total System Performance
Anticipated BOD Reduction

Anticipated Fecal Coliform Reduction

8,993,160

1,798,632

8993 meters3/day
liters/day
1650 gallons/minute

200 mgp/L

grams BOD/day

30 grams BOD/m3-day

59,954 cubic meters

2 meters
29,977

3.00
7.4

squarc meters
hectares
acres

14 days

125,904 cubic meters

1.5 meters
83,936
8.39
20.7

square meters
hectuares
acres

2

41,968
4.20
10.4

square meters
hectares
acres

87.5%

99.0%

BLST AVAILABLE COPY
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ATTACHMENT I

On February 7, 1985, Zia-ul-Hag, Deputy Secretary, Ministry of Housing
and Works, Environment and Urban Affairs Division, requested USAID to
supply a detailed Environmental Impact Assessment (EIA) for Guddu Power
Plant Expansion Project and to provide information listed in an EIA Pro
Forma. This attachment provides a cross reference betwecen the Pro
Forma and the Environmental Assessment (EA) and technical support
documents. The environmental information requested in the Pro forma
can, therefore, be obtained through a review of the sections, sub-
gections, and tables referenced in the following pages.

BEST AVAILABLE COPY
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ESSA-ATTI. 2
08/29/88

PRO_FORMA FOR ENVIRONMENTAL

IMPACT ASSESSMENT

Information or Sections of Envivonmental

Types of Information

and Social Soundness Asscssment

.3

General

Name of the Project:

Official address at
which correspondence
can be made:

Name and address of
consultant appointed,
if any:

Name, designation, and
address of official
authorized to deal with

this Questionnaire/Proforma:

Date on which letter
of intent was issued:

Process Details

Production Schedule:

List of main products
proposed to be produced
with designed daily prod-
uction or capacity:

List of by-products
produced with designed
daily product capacity:

Time phasing for
achieving full
production capacity:

Guddu Power Plant Expansion
Project.

Address for mine to be

determined.

Not npplicablc (N.AL).

See Section 1.3 for project
description.

See Section 1.3; 7,200 MW
(nominal) hours/dav at average
capacity.

No by-products in sipnificant
p I
quantities produced.

Approximately 3 years

05T AVAILABLE COPY



ESSA-ATTL.3
06/29/88

Types

Information or Sections of
and Social Soundness sAsus

Environme: tal
consment

of Information

Raw Haterials Consumption:

List all raw materials
with daily consumption
at full production
capacity:

List all prucess chem-
icals/materials
consumed with approx-
imate quantities:

Is any recycled
material from the
waste of your project
‘or any other project
used in the process?
If so, please specify
quantities and source.

Is any material salvaged
from your waste stream
re-usable economically
for any other?

Manufacturing Process:

Source of process know-how:

Glve a brief description
of the process technology

utilized with a flow-chart.

(Flow-chart of the process
should be attached,)

Have you any foreign
collaboration?

See Table 4,1-2,

2

"See Subsection 4.1.3

N.A.

N.A.

DESTAVAWABLFCQPY
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ESSA-ATTL. 4
08/29/88

Information or Sections o!
and Social Soundness Assessment

Types of Information

Environmental

2.4 Enerpgy Consumption:

2.4.1 Source of energy:
a) In-plant generation.
b) Public supply.

2.4.2 1If energy is generated
in plant, type and
quantity of fuel daily

consumed:

3. General Environment (Site
climat: settlement):

3.1 Site:

3.1.1 Where is the plant pro-
posed to be sited?

Attach map showing topo-
graphical features of the
area.

3.1.2 Elevation above mean
sea level

3.1.3 Area of land proposed
to be acquired:

3.1.4 Area proposed to be
built up or developed:

3.1.5 Present use of the land:
agriculture/forest/
grazing/settlement/
fallow

3.1.6 Indicate the nature of
topography near the
site: plains/valley/hilly

See discussion in Scctions
1.3, 2.1 and 2.4,

See Sections 1.3 and 4,1-2.

See discussions Sections 1.1,
1.3,and 2.4; see Fipgures 1-1 and
2-1.

‘Approximately 76-77 m.

See Figures 1-1 and 2-1,
See Figures 1-1 and 2-1.

See discussions in Subsection
3.3.2.

See discussion in Subsection
3.1.2.2.

CEST AVAILABLE CORY
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ESSA-ATTL.S
08/29/88

Information or Sections of
and Social Soundunss 4o

Types of Information

‘nvironmental
sessment

3.1.7 Specify site character: See discussion in Subsections
river basin/coastal/ 3.1.2.1 and 3.1.2.2.
estuarine/land-locked

3.1.8 1Is the land situated See Subsection 3.3.1.
within eny municipal or
corporation jurisdiction?

3.1.9 Is the land situated Yes, see discussion in Subsection
in an approved indus- 3.3.1.
trial zone or estate?

If so, please specify.
3.1.10 What of the following _See discussions in following Sub-
features exist within sections:
30 km of the site?
1) Human settlements: 3.3.1.
specify population,
11) Agricultural land: 3.3.2.
cpecify crops.
111) Grazing land: 3.3.2.
iv) Fisheries: 3.3.2.
v) Forest/sanctuary/ 3.3.2.
natural park:
vi) Nullahs/streams/rivers; 3.1.2.
vii) Ponds/lakes/dams: 3.1.2,
viii) Estuary/sea: N.A.
ix) Hills/mountains: 3.1.2.
%) Archaeological/Historic/ 3.3.3.
Cultural/Scenic sites/
Scientific Institutions/
Hospitals/Sanatoria/
Religious importance:
x1) Industries, specify: 3.3.4.

3.1.11 Type of flora and
fauna, especially
wildlife, endangered
species:

BEST AVAILABLE COPY

See discussion in Subsections
3.2.1 and 3.2.2.



ESSA-ATT1 .6
08/29/8%8

Types of Information

Information or Sections of
ard Social Soundness As

“nvironmental
sment

Present employment or
occupational pattern
in the area:

Prominent Endemic
Disease (Fluorosis,
Malaria, Filaria,
Malnutrition, etc.).

Mortality rates:
(Crude, Infant,
Material):

Any other observation
regarding s:ate of the

" environment:

Climate:

Indicate the climatic
conditions at the site
(e.g., arid, semi-
arid, etc.)

Rainfall yearly

average. Range:
Temperature
seasonal. Ranges:

Provide information
on speed and
direction of wind.

Settlement:

Total number of persons

See discussions in Subsection
3.3.1.3.

See Subsection 3.3.1.5.

See Subsection 3.3.1.5,

See discussion in Subsections
3.1,1.1 and 3.1.1.2.

See discussion in Subsections
3.1.1.1 and 3.1.1.2.

See discussion in Subsections
3.1.1.1 and 3.1.1.2.

See discussion iu Subzecrions
3.1.1.1 and 2.1.1.2.

proposed to be employed:

(a) During construction:

(b) After‘completion:

See discussion in Subseccrions

4,3.2 and 4.3.3.

DEST AVAILA
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ESSA-ATTL.?
08/29/88

Types of Information

Information or Sections of Environmental

and Social Soundness As

sessment

.2

.3

4

.5

.6

Do you propose to
build a township/
housing quarters
for your employees?

Area allocated for
above:

Population to be
accommodated:

Distence from town-
ship to plant site:

Services provided in
township:

1) Vater - daily

consumption:

ii) -Sewer system:

iii) Sewage treatment:
iv) CGarbage disposal:

v) Drainage:
vi) Any other?

Water Reguirements:

What treatment is given

before use, if any?

Average daily quantities
and characteristics of

water consumed:

i) Process and wash:

ii) Cooling:
iii) Sanitary:
iv) Total:;

Are adequate quantities

of water available:
i) At present:

11) For future
expansion:

discussion

discussion

discussion

.2 and 4.2,

discussion

1.1,

discussion

1.

discussion

3.1

discussion

.3

in Subscctions

.2 and 4.2.3.

in Subscctions

.2 and 4.3.3,

in Subsections
>
3.

in Subsection

in Subsecction

in Subsection

in Subsection

discussion in Subsection

.31,

BEST AVAILABLE COPY
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ESSA-ATTL. 8
08/29,/88

Information or Sectious of

Types of Information

and Social Soundness asn

Lnvironmental
seaasment

5, Wastewater Discharpes:

5.1 Total quantity of
wastewater discharged
from the project per
day:

5.2 Wastewater discharges
per day from:

i) Process and
wash (with
break up, where
possible):

ii) Cooling:
1ii) Sanitary:

iv) Total:

5.3 How do you propose to
discharge the waste-
water?

i) Separate streams/
combined:

ii) Continuous/inter-
mittent:

5.4 Type of treatment

proposed to be
adopted: Give
details and flow
chart.

5.5 What standards for
treatment effluent do
you propose to adopt?

5.6 Mode of final discharge:
(open channel/pipe-
line/covered drains)

See discussion in &
4.1.3.2 and 4.1.3.3

See discussion in S

ubsections

ubsections

4.1.3.2 and 4.1.3.3,

See discussion in S
4.1,3,2 and 4.1.3.3

See discussion in &
3.1.2 and 4.1.3,

See discussion in S

‘n S

BEST AVAILAR
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E68A-ATTL.9

08/29/88
Information or Sections cf Environmental
Types of Information and Social Soundness fsscessment
5.7 Point of final dis- See discussion in Subsections
charge: fallow land/ 3.1.2.1, 4.1.3.2 and .1.3.6.
agricultural land/
sewer/river/lake bay/
estuary/sea. Give
details of outfall
design.
5.8 Is any portion of the See discussion in Subscctions
wastewater proposed ., %.1.3.2 and 4.1.2.¢.
to be recycled?
If so, give details.
5.9 What methods do you See discussion in Subsection
propose to adopt for 4,1.3.5,
handling and disposal
of sludge from treatment
plants?
5.10 Indicate available See discussion in Subscctions
information on waste- 3.1.2.1, 4.,1.3.3 and 4.1.3.5

water characteristics
before treatment as
below.

a) Physical Parameters:
Temperature, pH, color,
turbidity, odor, total
solids, total suspended
solids, and total volatile
solids.

b) Chemical Parameters:
Acidity, total, and pH;
Alkalinity, total and pH;
Hardness, total; BOD;
COD; 01l and Grease:
total N; Phosphates,
total; Chlorides:
Sulphates; Sodium;
Potassium; Calcium; and
Magnesium,

BLST AVAILABLE COPY



POSASATTL. 10
08/29/88

Information or Sections of ¥nvirenmental

Types of Information and Social Soundness Ansesament

5.11

WVhat other specific See discussion in “ubsections
toxic substances are 3.1.2.1, 4.1.3.3 and 4.1.3.5,
discharged?

Please specify nature
and concentration:
(inorganics, organics,
including pesticides and
organic chlorine
compounds, phenols,
lignin, mercaptans,
heavy metals, and
radiocactive substances).

Solid Wastes: Process Not significant from project,
and Treatment Plants

Total quantity of solid
wastes in tonnes per day:

Rature of Wastes: Not significant from project.
Lumps /Granules/Dust/
Slurry/Sludge

Type of waste (organic, Not significant frcm project.
inorganic, ash, glass,
natal, etc.)

Method proposed for See discussion in Subscction
disposal, including 4,1.3.5.

treatment plant:

Landfill/dumping/sea/

lagoon/marsh/composting/

incineration/sold

If landfill, possibility Not significant Irom project.
of leaching of toxic

compounds into soil,

ground water, or surface

water:

BEST AVAILABLE DOCUMENT



BOSA-ATTI. 11
08/29/88

s
Information or Scctions o Ironmental

Types of Information and Social Soundness A neannent

6.4.2 1If incinerated, details N.A.
of incineration plant
R and procedures:

6.6 Do you anticipate any Not significanrt ¥Yrom project.
problems regarding
collection, handling,
and transport of solid

wastes?
6.7 Are there any problems See discussion in Subsections
of subsequent pollution 3.1.2.1 and 4.1.3.5.

of air, water, or soil
likely at the place of
disposal of solid wastes?

7. Atmospheric Emissions

7.1 Emissjon_from fuel See Table 4.1-4,
burning:

7.1.1 Anticipated quantity of See Table 4.1-5
stack emissions:

7.1.2 Temperature of emission: See Table 4.1-2,

7.1.3 Composition of emission: See Table 4.1-5,

a) Particulates and
smoke nature and
quantity

b) Gases:

Sulphur dioxide
Nitrogen oxides
Hydrocarbons
Carbon monoxide
Moisture

Other, specify.

BEST AVAILABLE DOCUMENT
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HESA-ATTL. 12

Types of Information

08/29/88
Information or Section: of Environmental
and Social Soundnen: Ansessment

7.2 Emissions from process:

7.2.1 Anticipated emissions,

quantity:

7.2.2 Temperature:

7.2.3 Composition of emissions

a) Particulates, nature
and quantity

b) Gases:

i) Sulphur dioxide
i11) Nitrogen oxides

iii) Carbon monoxide
iv) Ammonia
v) Acide Mists

vi) Halogens

vii) Hydrocarbons

viii) Mercaptans
ix) Others, specify:

7.3 Height of stack(s), for
atmospheric emissions:

7.4 Proposed air pollution
control system:

7.5 Proposed method of
handling and disposal
of wastes trapped by
pollution arresting
equipment:

7.6 Are any standards of
emission prescribed
for or adopted by
your industry?

See Table 4.1-3.

See discussion in Subscction
2.4.5,

N.A.

See discussion in Section 1.4,

BEST AVAILABLE DOCUENT
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ESSA-ATT1.13

08/29/88
Information or Secctiors oi Environmental
- and Social Soundness aAssessment

fypes of Information

.1

Other types of pollution:

Is your project industry
likely to cause noise
pollution?

Is your project industry
likely to cause any odor
pollution?

If yes, what measures are
proposed to be taken?

Is your project industry
likely to cause any

‘thermal pollution?

If yes, what measures
are proposed to be taken?

Is your project industry
likely to cause
radioactive pollution?

If yes, what measures
are proposed to be taken?

Describe the nature and
extent of pollution
nuisance caused during
construction phases and
measures taken to contain
the same.

Work Environment Hygiene
and Housekeeping:

What major health/safety
hazards are likely in the
working environment in
Your factors?

See discussion in Subscction

4,1.2,

N.A.

_ Sce discussion in Subsection
4.1.3.2,

See discussion in Secction 4.3,

See discussion in Subsection
4.3.7.

BEST AVAILABLE DOCUMENT
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FSSA-ATTL. 14

08/29/88
Information or Sccrtions of Environmental
Types of Information and Social Soundness Asscssment
8.6.2 Describe the industrial See discussion in Scction 5.4,
hygiene measures you
propose to adopt,
8.6.3 What provision have you See discussion in Scction 5.4,
made to conform to health :
and safety requirements
as per Factories Act?
9. Management of Pollution

Control:

Give details of the
organizational set-up
You propose to have for

See discussion in Scction 5.0,

‘pollution control.

What is the level of
expertise of the person
in charge of pollution
control?

Do you propose to monitor the
pollution from your industry?

If yes, give details.

What laboratory facilities
do your propose to have for
the above?

Give details of operation and
waiptenance of facilities you
propose to have for treatment
plants and pollution monitoring
ard control equipment.

BEST AVAILABLE DOCUMENT
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ESSA-ATT1 1S
08/26/88

Information or Secticns of Environmental
Types of Information and Social Soundness fsnoss

ey b
o

10. gost of Pollution

ontrol:

10.1 Total expenditure
proposed for pollution
monitoring and control:

Type of expenditure Amount Percentape of total
(Rs) capital investment/operating
expenditure of the induscry
Capital
Recurring

(including monitoring)

11.1 'Climate and Air Quality: See discussion in Subscctiun
4.1.1

i) Will the project modify
the local wind behavior?

11) Will the project have an
impact upon the local pre-
cipitation/humidity pattern?

iii) Will the project have an impact

upon the local temperature
pattern?

iv) Will the project generate and
disperse atmospheric pollutants?

v) Will the projcct generate any
inténse odors?

11.2 nge;: » See discussions in Subsection
4.1.3.

i) Will the project alter
the hydrological balance?
ii) Will the project effect the
ground water requirecd in
terms of quality/quantity,
depth, and direction of
flow?


http:SA-ATTI.15

£SSA-ATTL.16
08/29/88

Types of Information

Information or Sectiouns of Environmental
and Social Soundness Aascensiment

111)
iv)

v)

vi)

o vii)

Will dewatering methods be

necessary to uncertake

excavation?

Will the project induce a

major sediment influx into

area water bodies?

Will the project impede the

natural drainage pattern and/

or induce alteration of channcl
form?

Will the project impair the existing
surface waters through filling,
dredging, water extraction, or other
detrimental practices?

Will recreatinon or aesthetic values be
endangered?

11.3 Geotechnical: Sce discussions in Subscction

1)

1)

111)

iv)

v)

4.1.3.9

Is there risk of damage

or loss resulting from
tectonic/seismic activity
and/or volcanic activity?
Are there mineral resources
of potential value close to
the project?

Will there be an increcase in
rock deposition/degradation
as a result of the project?
Are there potential dangers
related to slow failure or
falling rock?

Is there risk of major ground
subsideace associated with
the project?

BEST AVAILABLE DOCUMENT
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ESSA-ATTL1.17
08/29/88

Information or Scctions of Environmental
Types of Information and Social Soundness Assessment
11.4 Soil: See discussion in Subscction
4,1.3.9

1) Will there be a sub-
stantial loss of soil
‘due to construction or
operational practices?
11) Will there be a risk of
losses due to instability?
i1i11) W11l project cause or be
exposed to liquefaction
of solls in slopes or
foundations?
iv) In case of settlement/heave,
) will there be a risk of
- damage of structure or
services?
v) Will the project modify the
property of impacted soil?

11.5 Ecology: See discussion in Subsections
4.2.1, 4,2.2 and 4.2.3,

i) Are there rare/endang-
ered species which
require protection?
11) Are there species which
are particularly susceptible
to human activities?

111) Would the loss of certain
plant species deny food or
habitat to wildlife species?

1v) Are there any unusual population
communities of plants that may
be of scientific value?

v) Will project activities impair
natural productivity?

BEST AVAILABLE DOCUMENY
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ESSA-ATTL.18

08,29/88
Information or Sections of Enviroumental °
Types of Information and Social Soundness Assessment
11.6 Land Use and Land See discussion in Subscction.
Capability: 4.3.1, 4.3.2 and 4.3.4,
1) Will the project
conflict with existing
or proposed land use?
11) W1ill the project degrade
land capability types?
11.7 Noise and Vibration: See discussion in Subscction
4.1.2.
1) VWill the internal
noise level present
a potential risk to
the hearing of workers?
11) Will the safe operation
of the project be affected?
114) Will the project create
noise levels which will
cause annoyance or
discomfort to nearby
properties? .
iv)  Will the project cause damage
to structures, both natural
and man-made, due to vibration?
v) Will the vibration levels within
the plant be such that there is
a risk to employees' safety?
11.8 Visual Quality: See discussion in Section 4.3,

1) Will the content of the
scene perceived by the
residents of the sur-
rounding area be adversely
affected by the project?

11) Will the coherence of the
surrounding area he impaired
by the project?

BEST AVAILAGLE DOCUEN
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ATTACHMENT 11

Proceedings of Scoping Scssiun
Held zt the WAPDA Club, Guddu
on April 13, 1986 at 10:20 A.M. - 1:00 p.M.
Official ULunch f{or all Participants 1:00 - 2:30 P.M,

Recitation fium Holy Quran was performed by Hafiz Farim Baihsh.

In his opening address Mr. Rashid Ahmad Ansari, Chier Eupineer, Guddu
Barrage Pfojnct, WAPDA, welcemed the pavticipants. WAYDA had extended
invitatiens to n diverse group of persons which included Wathia and
Government of Sind Officials, politic.! and social leaders. and individuals
residing in and around Guddu. Mr. Ansari highlighted wie importance and

need for conducting this scoping session.

‘Mr. Nazim H. Siddiqui, General Hanager (Design & Develepmenty, Thermal,
WAPDA, in his address traced the his.ary of-.power generation in Pakistan.
With the establishment of WATDA in 1953, Guddu vas chosen as a suitable
place for power generation. Guddu is ideally located clese te the three
provinces of Sind, Raluchistan and Punjab., Additicnal advanlapes are a 500
kv tranﬁmission line passing through Guddu and sufficient water supply.  In

view of the goals set forth by the Prime Minister o eiin load-shedding

by 1990, USAID in Takisten was asked for financial assistanse Lo increase
the capacity of the existing power generation at Gudiu. The i.5.
government responded favorably to the request and svern o contrant will be

signed for thz addition of 300 MW to present power pererating capacity.,

WAPDA is also the first organization in the couniry to realize the
importancs of environmental impact assessments. Nazuval fas, which is a
re}ativaly cleen fuel, will be used for the expansion preject at Guddu,
Therefore, any‘negativc effects on the environment in this roepicn should be
minimal. At other places such as Lakhra, the fuci type s ceal which has a
sulphur content of 6 to 7 percent. Such fucl types requlire careful studies
for asseszment of pnllution rroblems. A team of enviromacnal specialists
selectad by USAID is hare to carry out a complete cnvironmcntal assessment

for this project.

AEST AVAILABLE DOCUMENT
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Mr. Rashit Ahmad Ansari, Chief Engineer, presented an overview of the Guddu

existing power generation facilities and the proposed expansion project.

Dr. Muhammad Hanif, Principal Scientific Officer at PCSIR iaboratories in
Lahore, represented the Ministry of Housing and VWorke, Enviromment and Urban
Affairs Division, Government of Pakistan, Islamabad. He welcomed the local
Zamindars (landlords), and political as well as social representatives of
the general public. Until 1980, industrialization progvessed in Pakistan
without regards to environmental pollution problems. In 1983 the
Government of Pakistan, realizing the significance «f growing environmental
concerns, issued an ordinance to provide for the control of jpollution and

prescrration of a healthy environment.

Environmental Protection Agencles were created in the provinces. In
Punjab, considerable work has been done by the provincial apency.
Unfortunately, in the Sind Province not much pregress has been observed in
this field. He asked the public representatives present to support the
governmant in solving the environmental problems periaining vo their areas.
The Bhopal incident in India, where 2,500 people were killed, 50,000

@zut should be

disabled and thousands injured, is an example why the gove:

concerned and try to prevent such a disaster fros taiing place in Pakistan.

An industrial waste pollution survey of 51 industrics has been completed
recently in Pakistan. 1In Kasur District alone, 100 tannerics are operating,
where, due to inappropriate drainage systems, waste water stagnates, caus{ng
unhygienic conditions and posing a real threat to the phvsical health of the
public. The government is assisting the public in taking protective

measures for improving such hazardous conditicus.

Dr. Waldemar Albertin, Envirommental Advisor of US:lD, Islamabad,
represented Mr. John Morpgan, the Mission's Environmental Officer and Chief
of the Power Division, USAID, Islamabad. He stated that USAID is obligated
to comply with Federal U.S. Government regulations, World hank Guidelines
and the Goverrment of Pakistan's requirements in all matters related to
environmental control and protection. All projects funded bv USAID are

affected. The design contractors for the GUDDU projcct, Gibbs and Hill, and

BEST AVAILABLE DOCUMENT
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thelr sub-contractors KBN Engineering, who ficlded the teanm for the
environmental assessment of Guddu Expansion Project were introduced. He
stated that air and water pollution are of great conceri .an very important -
1ssues world-wide and indicated that the Indus BEliud Dolphin, which is found
mostly between Guddu and Sukkur Barrages and was declared an endangered
species by the World Wildlife Association, is in nc danper :rom this
project. There appears to be no environmental threac from this expansion
project. However, within the framework of Faliistun's feuacral, provincial
and district laws, every possible énvironmental aspect will he considered

during the environmental assessment of the Guddu Expansion Iroject,

Mr. Lal Ghani, Project Director, WAPDA Guddu Power Generation and Expansion
Project, presented a description of the expansion project. Its objective is
- to contribute to the overall power gencration developmental vvonram of the
country. Cooling water supply for this project will be me: “hrough the

£as.  Around

Begarl Feeder. The basic fuel for this plaﬁ: will be natura:

Guddu there are three large gas fields. A pipeline neiworh and is

already connected to the existing plant. The project will
development of agriculture and industry and will provide dous for 19
engineers, 200 techniclans and nearly 300 scmi-sicilled and unsitilled
laborers. Since this project is based on high technology, some engineers
will have the opportunity to receive additional craining i U,
Everyone takes pride in the fact that the existing projecus, which are also
highly sophisticated, are being operated by local engincers.  The expansfon
project will take 2 to 2-1/2 years to complete. Preference far hiring
employees will be given to persons from the province of Sind. The project

will certainly improve the unemployment situation i thc Tepion,
Tea Break,

Dr. James R. Newman, Principal Scientist of KBEN Eigineering. introduced
himself, his company, and his colleague Mr, Platt. They arc working as
subcontractors to Gibbs and Hill on the envirommental and social soundness
assessment for this project. He is the assistant manager, and & zoolopgist

and environmentalist by training. Mr. Herbert Platt, is a feoprapher and a

ST AYAILADTE DOCUMENT
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specialist in socio-economics and in public health. ¥BE worked previously

on Lakhra Coal Mines and Khalifa Point projects. Two other members of this
team, the air pollution specialist and the water quality specialist will
come to Pakistan on April 16, 1988 to complete the ESSA for thiis project.
He encouraged the audience to voice concerns, so that they are duly
addressed and mitigation strategies can be adopted. With the help of

slides he outlined in detail the ESSA study plan.

1. Air Resource lImpact

* Increased noise and vibration

* s
Increased alr emissions including emissions from stack

2. Vater Resource Impacts

* Run off and sedimentation
* Change in surface water quality

* Change in thermal conditions from discharge

3. Cultural Resource Impacts

Loss of land use

Increased traffic

Effects of noise and vibration
Induced development

Disruption of cultural values and patterns

* % % o % %

Change in employment and economy

4. Biological Rebource Impacts

* Effects from spills and effluent discharge

* ' . . . . c
Effects on vegetation and wildlife from air emissions



Open Question and Ancwer Session

The audience was Invited to ask questions and scek clarification about
vhatever concerns they had. Mr. Arshad Ali Shah, Chalrman, Town Committee,
Guddu thanked WAPDA and USAID for inviting them to the scoping session. Mr.
Arshad All Shah and Mr. Baknshan Shah, a Zamindar from Guddu raised the

following issues:

* inadequate provision for employment of people dwelling in the

immediate vicinity of the plant.

Untreated water pools outside the plant and close to their houses,

resulting in unhygienic physical health conditions.

Lack of proper access roads and bridges to avoid the surrounding

stagnant pools of dirty waste water.

deaths and injuries from presently installed and transmission lines

adjacent to the plant and close to their dwellings and ficlds.

Mr. Nazim H. Siddiqui, General Manager (Desipn and Developrent, . Thermal,
WAPDA addressed the above mentioned concerns tu the satisfuction of the
audience. He stated that employment rules do not allow diifcrentiation or
preferential treatment of any localities within the same provinee.  Sind
domicile holders are most eligible and are pivin trp priorics iar jobs in
Sind province. Sites of dirty, stagnant waters will Lo inrcpected and
remedial measures taken. Problems with transmission lines will be analyzed,
The following points were raised by Mr. A,R. Kharal, Conscrvatur of Forests,
Sukkur Division.

* How will air temperature and quality of air be affected by emissions

from the stack?
* that opportunity exists for local scientists to work on this project?

* that interaction will be required with the wildlife department?

BEST AVAILABLE DGUUMINT



Dr. Newman from KBN addressed these questiovns. An alr guaii=r cpecialisc
will be arriving soon to look into the air resource impact: in gpreater
detail., However, since the fuel used is natural pas, ther: L no apparent
danger of hazardous emissions into the air. siack gas diiution with air
will leave no effect on the increase in ambicnl temperature. Mr. Kharal's

all other concerns will also be taken care of as part of the ESSA study,

Mr. Kharal offered the use of his library and cooperation to Ur. Newman's

team.

BEST AVAILABLE DOCUMENT
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Proceedings of Scopiny Section

Held at the WAPDA Club,
On April 13, 1988 at 10:30 &.M. !
Official Lunch for all Participants 1:00 - 2:3

Guddu
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