Depart ment of Sur

(DBST) , Ministry of
and Transport, Roy
of Bh({tR&Gw B)

v N\

ALC 21 AA




[l mage on frontt lpeagMa s hRiwser i n Jt he project area



CONTENTS

B METHODOLOGY AND SCOPI NG

B.11I MPACT ASSESSMENT PROCESS

B.21 MPACT ASSESSMENT METHODOLOGY

B. 3BASELI NE DATA COLLECTI ON

B. 4ENVI RONMENTAL AND SOCI AL MANAGEMENT PLANS
B. 5SCOPI NG

C ENVI RONMENTAL BASELI NE METHODOLOGY
C.1PHYSI CAL ENVI RONMENT

C. 2 WATER RESOURCHSDR®DOGY

C. 3WATER QUALITY

C.4S01I'L QUALITY

C. 5AMBI ENT AI R QUALITY

C. 6AMBI ENT NOI SE CONDI Tl ON

C. 7TRAFFI C AND TRANSPORT

D CLI MATE CHANGE RI SK ASSESSMENT
D. 11 NTRODUCTI ON

D.2CLI MATE CHANGE ASSESSMENT METHODOLOGY
D. 4 HAZARD CATEGORI ZATI ON

D. 6 WATER AVAI LABILITY

D. 7FLOOD

D. 8LANDSLI DES

D. 9EXTREME HEAT

D.1CYCLONE AND HURRI CANE

D. 10LI GHTNI NG

D.1ZONCLUSI ON

E GHG EMI SSI ON ASSESSMENT

E.1SCOPE OF ASSESSMENT

E. 2ASSESSMENT BOUNDARY

E. 3RELEVANT STANDARD AND GUI DELI NES
E4 LI MI TATI ONS OF THE ASSESSMENT

E. 5REFERENCE GUI DELI NES AND STANDARD
E. 6NATI ONAL POLI CY AND REGULATI ON

E. 7ASSUMPTI ONS

E. 8EMI SSI ON FACTOR

E. 9GHG EMI SSI ON CALCULATI ON

®

Bl ODI VERSI TY BASELI NE METHODOLOGY



(&

A

[ N N A SR &

I T T T T T I T

[ i e 'l &

.1DESKTOP REVI EW
. 2EXPERT CONSULTATI ON
.3SUPPLEMENTAL FIELD SURVEYS

LEGALLY PROTECTED AND I NTERNATI ONALLY RECOGN

Bl ODI VERSI TY VALUE

11 NTRODUCTI ON

2 ECOREGI ON

3PROTECTED AREAS (PA)

4KEY Bl ODI VERSI TY AREAS ( KBA)

5WORLD HERI TAGE SITES

6 RAMSAR SI TES

7ENDEMI C BI RD AREA (EBA)

8COMMUNI TY FORESTS

FI NDI NGS FROM THE EXPERT CONSULTATI ON
LI'ST OF RECORDED SPECI ES

1LI ST OF RECORDED FLIORREB®EALNESSHRUBS
2LITS OF RECORDED FLORKNESBECI ES

3LI ST OF RECORDED FLIORRAGENERATEISON

4L1 ST OF RECORDED FLIORRAI BHPETHE XS

5L1I ST RERCORDED Bl RD SPECI ES

6LI ST OF RECORDED HERPETOFAUNA SPECI ES
7 CAMERA TRAP SURVEY REPORT

8LI ST OF RECORDED FI SH

9LI ST OF RECORDED MACROBENTHI C

.18 QUATI C SURVEY REPORT

SOCI-BCONOMI C BASELI NE METHODOLOGY

.1DATA CCLTUBEN

.2DOCUMENTS REVI EWED

. 3CONSULTATI ONS AND KI IS PARTI CI PANTS

.4FGD AND GENERAL CONSULTATI ON PARTI CI PANTSO6 LI ST
.5RELI GI OUS STRUCTURES I N THE | MPACT AREA

.6 CULTURAL HERI TAGE BASELI NE GAZETTEER

DETAI LED Al R QUALITY METHODOLOGY

.1PHYSI CAL RESOURCES AND RECEPTORS
.2DETAI LED NOI SE | MPACT METHODOLOGY

| MPACTS TO GREENHOUSE GAS EMI SSI ONS

ZED AR



N MI NUTES OF CONSULTATI ON FOR ESI A

OCONSULTATI ONS ON DRAFT ESI A

PLABOR MANAGEMENT PROCEDURES




APPENDI X BARI DGE WI THLEPEBANT CORRI D



APPENDE X | MPACT ASSES3NMHNDODOL OGY
AND SCOPI NG
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B METHODOLOGY AND SCOPI NG
This chapter provides an overview dfhet lE6S|Ted hmaioh ogy

objective of the ESIA is to comprehensively evaluate
environment al and soci al ri sks Paojdeé¢tmpaclisf ¢ hecpalgd .o ul
predict potenti al i mpadt ej eocft tahned pmeposttds n¢é o avoid
mini mize, or mitigate these Iimpacts according to the
The direct, i mdimue @att i v esnadr ap adcetf i ned iars tWod | dw®Bank
Environment al and Soci:al Framework 2017

T A direct i mpact i s ains icrmapuascetd vibhyo jc é dite, and occul
contemporaneous!ly in Prheej dotcati on of the

T An indirect impact is an imp&coj evhiti chand si caluater biyn
farther removed in distance thameasdnhanéety fmpastegeal
and wil |l not include ainmflduced i mpacts

T The cumul ative iPmpaetttof sthdéde increméndopécti mphen o
added to i mpact s from other rel evant past, presen
devel opments as mredd kst umrpddi ct abl e act Prvajteicets ena

that may occur | ater or at a different | ocation.

B.1 | MPACT ASSESSMENT PROCESS

ERM employs a comprehensive framework toddiFngot the E
B-1. This framework encompasses specific techniques, m
tailored to each environment al and soci al aspect. T
recogni zed best practi GESS, BychddsetsbénwWBthe unique ¢
t oProject devel opment and associated infrastructure
customi zed i mpact identification and evalwuation mecha

targeted and preci se Brscjeescstmesn tTianbp &dttlreeakdowns t he
approach to each step and provides a reference to the
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FI QREB-1 EM6S ESIOKLEBE DI AGRAM

Screening

Scoping

g

Project
Baseline study Description
(existing data (Project
collection and background,
new survey) components and
activities)

juswabebuz iapj|

Assessment

Predict magnitude of impacts

Evaluate significance of effects

Investigate options for mitigation
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A PROCESS DESCRI PTI ON

Description

National regul atory requirements, a
and conventions, and internal gui de
commi tted tPRr djyecthePtr oponen

Detailed informatdj eotmponeheé s, activi
and design is <crucial for al | stag
scoping, i mpact assessment, mitigat
auditing.

Al ternatives analysis is a critical
forhe scoping and i mpact assessment

with the project engineers during th
the alternatives for the road | ayol
options.

Stakehol der engasgeamevnitt al part of th:
foll ows WBt ESS&dsure the vVviews, inte
stakehol der s ar e considered. The E

involved various appgoarcdmisc teonad gci
interviews amdpf addwsscugsi ons.

A separate Stakehol der Engagement
Mechani sm has been prepared as a st a

Thescreenipwmgcess ai ms to identify
environment al ri sks o f a Project i
requirements for further anal ysi s.

standards and guidelines, Project ty
pot entnmpalctl Areas for the Project.

include t he initial options study,
informati on, published Iliterature, |
TooIBA(T), satellite images, and clier
Thecopided er mi nes which i mpacts are |

should become the focus of t he ESI
bet ween the Project activities and k
for the Project (and thus the appedo.p

site visit is performed in this staf
confirm the key | andmar ks, features,
scopes of the baseline survey, mo d e |
During the scoping stutddegr actthieonmso thee
Project and environment al and soti &l
cause impacts of significanscaoapcei
scoping exercise al so uinde Ktel fyd e ss it hn
affected by t heent deawvweliovpmi es, requ
consideration or associsaztogndu)tdata gat
The scoping phase also identifies

appropriate spatial and temporal sca

suitable survawychanmetrheosdeol ogi es req
requirements.
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ESI A Step Description
The Project's impacts must be assess
physical, bi oleodmranmi,c,soxnd cul tur e
establish t hba&secloinntee xdw,eurdéd esonduct ed

Baseline Studiliterature review and field baseli
understand the current conditions of
data is also used to predict and mo
sensitivity, wdl nenpabitlaintty, od resour

Thei mpact assesfsomenpl anned activiti
through a systematic process that
prediction, and evalwuation of the pu
the Project may have on the -phygrso miad
cultural memwvirdhis process also ent
appropriate mitigation measures that

I mpact and avoid, reduce, mitigate, of fset, 0

Assessment i mpacts and to enhance positive i mpa
Thei sk essamefidor unpl annerdo@midn@oact i v
a similar approach, with an additior
that considers the |I|ikelihood of th
stages of the i mpact and risk assley
described bel ow.
The stages of the impact and risk a:

in more dSecatiiBo.nbrel ow.

The ndl stage i n t he ESI A Process
management and monitoring programs a
ensure the potential i mpacts are red
The monitoring programs shoul d be

conf imodel i ng resul ts, quanti fy i nd
mitigation measures and ensure that
within international standards.

ManagemRlnan . . .
An ESMP is then compil ed, which sur

Project Owner and t hred aurEenmgd mte,erd mdy,

(EPC) Contractor wi || commi t t o
environmental/social/community heal't
The ESMP will document the proposed
and monitoring meascrastamdhsspocibfe t
of the Project development to el i mi
soci al i mpacts, offset them, or redu
B.2 | MPACT ASSESSMENT METHODOLOGY
| mpact identification and assessment starts with sc
remai nder of the 1impact assessment PpirpeMe2sTheas de me
principal steps are:
1.1 mpact prediction: t o deter mi ne what coul d

resources/ receptors because of the Project and it
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2.l mpact evaluatiuahe tbeegvalgni ficance of t he pred
considering their magnitude and | i kelihood of occ
and/ or importance of the affected resource/recept

3.Mitigation and enhancement: to identisfur espptroopr i
mitigate negative i mpacts and enhance positive im

4. Resi dual i mpact and risk evaluation: to evaluate
ri sks assuming effective i mplementation of mitiga:

FI GUBR2 ESI A | MPACT AND RI SK ASSESSMENT PROCESS

&) %) ol

Predict Evaluate Mitigate / Enhance Residual Impacts

What could happfg asa Is it |mpor1ant7 What can be done about Is there still a significant
consequence of doing i it? impact?
what is proposed?

For some impacts

What is planned and what e - Interact with stakeholders / opportunities the
mitigation is already e do grsﬂ(}: el and Project to develop sequence may
incorporated? ecide this solutions need to be

repeated

B.21 PREDI CTOB®NI MPACTS

The first step in the i mpact evalwuation process invol
extent possible, the nature, typen anfagtnh e uiddee n teixftieend ,i
on receptors. These teTmBIBa2re identified in

T A B LBE2 DEFI NI'TI ON OF | MPACT CRI TERI A

Criteria Definition
Natur e of i mpiBeneficiimgacts that result in ne
Environment/ Commur Adver siempacts that result in net

Direcitmpacts resulting directly

Type of impact the Project

I ndirexdcondary i mpacts caused b

Low-a small, but measurabl e, ch
Magni tdude | evel oconditions, typically that would
takes into coany applnaiabn al and i standatdena
i mportance odcepgth Medi uma noticeable and readily
sensitivity o f t the baseline conditions that ma\
change, l'i keli hootany applnactaiboneal and internati on:
occurring, and t Hi gha substantial change fridmotnts
degree of i mpact woul d result in an exceedmatcieo nodf

internadtiamddr ds



METHODOLOGY AND METGPOING. OGYSAQPI

Criteria Definition

Si tepeci-fiimpacts confined to with
facilities (e.g. |l aydown areas)
Ext é&nthe areal ofireg Locali mpacts extend beyond the P
i mpact affect resourmepactwi Athée mbe Projec
Regi onailmpacts observed within E
Projec
Shortterml ess than two years or
Durati on pha§e
Medi umer mmore than two years and
LongermlO years or more
B.22 EVALUATMPAGT GNI FI CANCE
The second step of the i mpact evalwuation process invo
each identified impact. The magnitude, extent, and d
relatively to be in different |l evel, whichaanmnettehémnrec
the overal/l i mpa(dabsBel) nfiafbilBeApcevi des a deci sion tree
how the various rating criteria combine Teaobl&&ter mi ne
defines each of the | evels of impact significance.
T A B LBE3 ENVI RONMENTAL AND SOCI AL | MPACT RATI NG CRI TERI

Magni tude Extent

Low Si tsepeci fic

Medi um Local

Hi gh Regi onal

TAB LBE4 ENVI RONMENTAL AND SOCI AL

Magni tude Extent Dur ati on

Low Si tsepeci fic Shotttrm
Low Sitsepeci fic Medi drmer m
Low Local Sho+4#ttrm

Medi um Si tsepeci fic Shosttrm

Low Sitsepeci fic Longerm
Low Local Medi ttmer m
Medi um Si tsepeci fic Medi dmer m

Medi um Local Sho#ttrm

Low Local Longer m

Medi um Sitsepeci fic Longerm

Durati on
Sho-tterm
Medi dtner m

Longer m

I MPACT SI GNI FI CANCE F

Significance
Low

Low

Low
Low
Moder at e
Moder at e

Moder at e



METHODOLOGY AND MEIGHPOING. OGY AND

Magni tude Extent Dur ati on Signi ficance
Medi um Local Medi «rmer m Moder at e

Medi um Local Longer m Substanti al
Low Regi onal Shodttrm Substanti al

Hi gh Sitsepeci fic Shottterm Substanti al
Low Regi onal Medi tkner m Substanti al

Hi gh Si tsepeci fic Medi unmner m Substanti al
Medi um Regi onal Shodttrm Substanti al

Hi gh Local Shodttrm Substanti al
Low Regi onal Longer m _
Medi um Regi onal Medi tkner m _
Hi gh Sitsepeci fic Longerm _
Hi gh Local Medi tkner m _
Medi um Regi onal Longer m _
Hi gh Local Longer m _
Hi gh Regi onal Shodttrm _
Hi gh Regi onal Medi ¢tkrer m _
Hi gh Regi onal Longer m _
T A B LBES I MPACT SI GNI FI CANCE RATI NG DEFI NI TI ONS

|l mpact Ra Rating Definition

The esource/receptor would likely experie
woul d endur e for a l ong ti me, extend
national/international standards, endange
a species or habitatnatfi cmmali omiad niofri d anrt cee
communi tyds resilience and ability to ad
di fficulty in complying with the applic:
mitigation would |ikely be required.

Theesource/receptor would experience a ¢
conditions and would approach but not
Project would comply with the applicable
be required.

~

Substanti

The reseelireceptor would experience a not.i
of the impact is sufficiently smal/l (wit
effect would remain well within applicabl
with the applgoabkeeBESF bet mitigation m

Moder at e
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|l mpact Ra Rating Definition

The resource/receptor would either not be
i mperceptible or indistinguishable from
Project would comply with 't heentapapnldi cnahbilieg.
typically not be required.

B.2.3 MI TI GATI WRNACTS

The next step in the process was the identification
mitigate, as far as reasonably practicablPRrojtéeet iidrent
accordance with the requir elmenlithse aofevehep WsntES&f mi t
measures foll owed the mitigation hierarchy of avoidat
extent feasi bl e, and compensation or ofsseesi wgr e f I
devel oped to address the potenti al i mpacts identifie
with affected communitiesFi ghB-8e are outlined in

FI GUBB HI ERARCHY OF MI TI GATI ON OPTI ONS

Avoiding or reducing the impact at source by employing alternative
Project design or operation (e.g., alternative sites, routes, timing, etc.)

Avoid/Reduce at Source

Abating the impact on site by installing abatement equipment (e.g., pollution

Abate on Site - a ! ] :
control equipment, traffic controls, perimeter screening and landscaping, etc.)

If an impact cannot be abated on-site then control measures can be implemented off-
Abate at Receptor site (e.g., noise barriers to reduce the noise impact at a nearby residence or fencing to
prevent animals from straying onto the site).

Repair or Some impacts involve unavoidable damage to a resource (e.g. agricultural land and forestry
due to creating access, work camps, or material storage areas) and these impacts can be
addressed through repair, restoration, or reinstatement measures.

Compensate in Kind; Compensate Through Other Means: where other mitigation approaches are not
possible or fully effective, then compensation for loss, damage and disturbance might be appropriate
(e.g., planting to replace damaged vegetation, financial compensation for damaged crops, or
providing community facilities for the loss of fisheries access, recreation, and amenity spaces).

B24 DETERMI NE RESI DUAL | MPACTS

The final step in the impact evaluation process was
and risks. Resi dual i mphose 8Bhdt rivekbdaremain after
avoidance, minimization, and mitigation measures have
cases where a residual i mpalkit g lsriSgrisftiadid nearap hraagii sn gi 9 s
applied to reduce t hleevienip atchta/tr iissk aso laow as reasonabl
is typically done by revisiting Steps 1 and 2 in the
| mpact s, respectively) to identify ways of reducing

i mpl ement ati on adfdi hewnalr avoidance or mi ni mi zati on
reducing impact significance.
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Several ot her factors must al so be taken into consi
Project risk and residual significance ratfog and
i mpl ement ati on of proposed mitigation measures:

A The Project Proponent and mo st |l ocal construct.i
experience in developing Projects of thi.s magnitu

A Normative conteftspeci Bhoahhy, the presence of pre

may complicate the i mplementation of mitigation me
health and safety culture, elevated threats of na
services | ike wast eelmanmagmreaxred ,watadr and sanitatic
A Organizationdlt heapagiany zati onal capacity of the P
most | ocal construction contractors in implement:i
and successfully deliveri naj eactl atrog ei, n tceormpal tiicoan aeld
i n t he event that t he proposed mitigation m

arduous/ demanding.

A lnstitutionaltheapasittiytuti ontai® Goapradi i ysofapplicab
ministries to provide constorucce iiotns nroengiutloartiinogn sa nadn
approval conditions.

To address these considerations, the residual signifi
adjusted where it i s determined that the i mplement
particul arl y cromprlaecxk arnedc/oor d of poor i mpl ementation i
which this has been done wil/l be clearly indicated ar
rating explicitly noted. Where this occurs, the resid
to ahhsiggni ficance/risk rating.

Al t hough a standard goal of an i mpact assessment i s
i mpact s, for some resources/ recepHioglorSunbesrteanmaywl be
i mpacts/risks, even after alonsprhaacvtel chaebel ne enxi htai ugsattei do.n
situations, and especially where contextual and inst.i
ESI'A may additionally recommend the specific-measure
party monitoring and audttengt heimisntg t ot i oonraglani zat i
buil ding.

B25 CUMULATI MBEAGATBSSESSMENT (CI A) PROCESS

As part of the i mpact assessment process, a ClIA was ¢
the Project, in combination wiotrpr opg dee e eBasnxit iamgy, pl a
external ,dandepsovide an assessment of the |likely si

i mpacts as detagitle@d i n

B.3 BASELI NE DATA COLLECTI ON

A critical early step in the ESIA process involves coc
under stasmmdd charactercpopeadbapbdlgisneal , biol ogical, and so
within the project iinhpaotatdarosma. sTlhgiag hered from a revi
literature and secondarpy ismaurryc edsa,t aa sc owelelctasehdt sur vey
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B3.1 LI TERATRREI EW

A review of the publicly available secondary data onl
the site during the scoping site visit in July 2024
baseline conmndderenhand and characterize condition of
soci al conditions within. the Project impact area

The objective was t o under st and t he baseline condi
biodiversity -exmdomioci a&londitions. e Fof thebagdgedgos
assessment, the following documents have been reviewe

T First Bienni al Up td &tNé& CRe p @Wd2t2it con a | Environment Comm
Royal Government ojJ; Bhutan (2022

T Third National communicati Goveonmbet UDNFCBhuRapal 202

T Chapter 5 of the Project for the Formulation of Sout
of Works and Human Settl ement Bhutan and Japan I nte
2021)

T Gel ephu Flood Protection Peoifelcnt e ESdtAi RRBPort2Q¢2a)y.

T Final Report: Soci al Assessment for Assessment of F
of CI| Rreastiel i ent Fl ood Mitigation Measures in Shetekh
Streams (World ;Bank, 2018)

T I'ntegrated Bisosde svsemesntt yT ofo | (I BAT) for Business

T I'nternational Uni on for QCdCHNRe d altii otn fodr NBhmue &t dned
online yersion

Birdlife Pata Zone

Gl obal Bi odiversity Information; Facility (GBI F) and
Worl d Database on Protected Areas

UNESCO Worl d Heritage Site

Ramsar Convention on Wetl ands;

=A =/ =4 =4 -4 =4

Bi odiversity Monitoring and Social 29Weweayitme nRr mtfo ¢
Forests and Park Services, Ministry of Agriculture

T Assessment of fiinsiBhditvaenrrsiAt systemaoleuanppltoathBhut a
Stud;i es

T I FC Guidance Note (2019) of PS6 (2012). Internationg:
Note 6: Biodiversity Conservation and Sustainabl e
Resources;

1T Royal Gowdr nonfe Bhut an. Forest and NaturmMe nCenhsgr wdt i
Agricul t#gopeesatndy,al Government of Bhutan

T Bhut an Bi odivers,itY02Uls,er Ndtiisdnal Environment Comn
Government of Bhutan;
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T 2017 Population & H®Bhauitrmm:CsSmgypsangf Dzongkhag (Natio
Bureau and Royal Government of Bhutan, 2018);
f Statistical YearbookNafi @halt a8t 2022t i;cs Bureau, 202:¢
T Bhutan Living Standard Survey (BLSS), 2022;
T National Land Use Zonin@,028,BRoglailn GoRepamtent of Bh
T Bhut an Vul nerability Baseline Assessment, 2016,
Commi ssion Secretariat, Bhut an;
T Labor Force Survey Quarterly Report, Second Quart
Bureau; and
T Articl eisnfeordnati on available in the public domain o
drinking water supply, l'iveli hood patterns, |l and, I
the area and government development plans for the s
B3.2 FI ELD BASELI NE STUDI ES
I n admdito othe | iterature review, primary data coll ect]
to cofrlogcegmpteci fi c data and fill datTabdBepsummami rtée | it
t hei ebladsel i ne.Bha ddetsai | baseline met hdAppleng§. xi s desci
T A B LBE6 FI ELD BASELI NE STUDIES SUMMARY
. Compl et e
|l mpact Gener al LocaSampling Stu Date by
fTDownstr eam,
. 10 grab wate
mi dstreamnc
upstreafn v were col lagect
Sur face Ri ver |l ocatianmds te 2021 Aug Mi tra <
Wat er for various 20214 Laborato
fJengkhurun
. and chei
Ri ver
par ameters
f Takl ai Ri ve
5grab water
wer e col lagect
TGel ephu Wor . .
|l ocatianmds te 20621 Aug Mi tra <
Groundwa TGyl sung )
for various 2024 Laborato
Tareythang
and chei
parameters
fLand next
Nati onal Ce .
7 soil samp
Aquacul ture
. collected to .
. fIl'n the rive Mi tra <
Soi l . t he heavy 20 August
of Mau Rive Laborato
content and
fLad next
B 'l evel s.
Bhut ai I ndi
border chec
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Airport

fLand in ag
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fLand in ag
field in T
Gewog

fLand in ag

field in T
Gewog

1TGel ephu Wor
1TGel ephu A
Runway

fTareythang
Weat her St a
TGel ephu Tow
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road alignt
Uml i ng
fTareythang
Center
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Sampling Stu
Baseline amkt
gual ity moni
conducted

|l ocations
parameters i
PM2. 5, P M1,0
NQand NO
Baseline
sampling
conducted

|l ocations t o
ambi ent noi s
usi ng sound
meters over
of 48 hour s.
TFl ora

1Bird
fHerpetofaun
fLarge and
size mammal

fMammal s

TFi sh
fMacroinvert

Compl et e

Dat e

by
2425 Aug

Depart me
2024 f oz

of Energ
NQand NO .

Climate
14 Aug-uxs

Change
September

Gradko
2024 for

I nternat
and PM10.

Ltd
14 - 20 Depart me
September of Energ
2024 Climate

Change

Depart me
12 Jul 29 of Fores
August 20and P

Services

Col |l ege

05 - 08 Augu
Natur al

Bi odiver 12024
fUpstream fwater Quali Resource
Ri ver
B.4 ENVI RONMENTAL AND SOCI AL MANAGEMENT

PL
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An overaESMPnwas prepared that includes al/l the miti
the ESI A and the procedur est efrom etnhvei rsomammearngteame nti oo fy

the Project. The ESMP i den#fridjiect tvhhee np htabsee nmoift itghaet i
appl i ed,nttitey responsi ble for implementing the mitiga

reqguirements.

B.5 SCOPI NG

A preliminary Scoping Report was prepared based on E
there was | imited information provided eapgortthewatsi me
submitted, ERM has revisited and updated the i mpacts
i mpacts as additional information has been gathered.
Potenti al i mpacts are identified through a systemat.:i
act i vi(thioetsh pl anned and unpl anned) acsovocitaued i owmi,t |
construction, operation and decommi ssioning of the P
respect to their potential to interact with resources
A scoping matrix is arseddaearst itfhyei ntgootlhef vari ous Proj
activities within the | mpact Areas that could reasol
significant i mpact . Each resulting cell on the scopi

interaction betweémvatlhr apedctan E&S resource/receptor.

The Project activiGhept epmhaXdenbedni hi sted down the ver
the matrix. The resources/receptors relevant to the b
the horizont al axis of the matri x. The emergency ever
the resources/ r ecierpdloucdsedarien atltlrseo scoping matrix. The
out d of risks and i mpacts are classified inmmabhe matri
B.7.

TABLBEf SCOPI NG MATRI X DEFI NI TI ONS
Key

- Scoped in - Potentially significant impact requiring further assessment
Scoped out - Potential interaction unlikely to be significant
Positive impacts - An interaction with positive impact expected

An interaction is not reasonably expected

The compl eted scoping maTtahilBe8iA spunensaernyt eadf ithhe i nter a
that were assessed to be pescsepblynaigmalli canel gsaees
the ESI A stage.

I nteractions t hat wer e assessedfitanthavenpapcotsssi lminy
environmental and soci @lcorpedegoiudirshadalhlatnatr ebe further



METHODOLOGY AND METGPOINGEL OGY AND

at the ESI A stage as existing control measures were
i mpacts insiTgeri 6c-opaadrati onal e dTraeb|Bend] ude



TABLBEB SCOPI

NG MATRI X

Environmental and Social Resource/Receptor
Physical Biodiversity Social
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1 Pre - Construction Phase
1.1 Land acquisition for right  -of-Way (RoW) ‘ ‘-
2 Construction Phase
2.1 Construction of temporary ancillary facilities r‘--
23 Procurement of material and operation of borrow
’ pits | |
-
27| o wervonna v m .
28 Construction of bridges, including foundations,
' piers / abutments, and superstructures
29 Construction of culverts / drainage and water
) management structures
3 Operation and Maintenance Phase
3.1 Road Operation and Maintenance ‘-




B.51 KEYXNVI

The key i

T A B LBE9 KEY

ESS

ESS-1

Assessment and
Management of
Environmental
and Social Risks
and Impacts

ESS-2

Labor and
Working

Conditions

ESS-3
Resource
Efficiency
Pollution
Prevention and
Management
r

¢

and

ESS-4

Community
Health
Safety

and

ESS-5

Land Acquisition,
Restrictions  on
Land Use and
Involuntary
Resettlement

ESS-6

Biodiversity
Conservation
and Sustainable

mpact s

RONMENTAL

that wil

I MPACTS TO BE

Key Environmental Impacts

Air Quality
Noise and Vibration
Water,

Surface Groundwater

Hydrology

Soil Quality and land use

Physical environment including terrain /
seismicity and

Topography,
climate

geology,

Waste man agement

Cultural Heritage

NA

Erosion and Sedimentation

Riverbed Erosion

Wastewater Discharges management

Air and Noise Pollution control
Greenhouse Gas (GHG) Emissions
Spoils Generation

Construction Waste management

Downstream Water Flows

Landslide Risks
Safety Hazards from construction

Human -Wildlife Conflicts

Land Acquisition and Resettlement

Impact on Community Forests

Critical Habitat Assessm ent

Impact on Aquatic Habitats

Impact on Royal Manas National Park

Community

Engagement and

Stakeholder Consultation

Land Acquisition and Resettlement

Cultural and Social Dynamics

Access to Services and Resources

Gender Impacts

Labor influx

Potential health risks and risks related to

gender -

based violence (GBV)

Occupational Health and Safety (OHS)

Risk

NA

Public heath and safety impacts

Involuntary Resettlement

Loss of Livelihoods

Cultural Disruption

Inadequate Compensation

Impacts on vulnerable Groups

NA

A

ar e

AND SOCI AL | MPACTS SUMMARY
be includ@€&adhbliBe9 btel eo WE S |
| NCLUDED I N ESI A
Key Social Impacts
Community Health and Safety
and Socioeconomic Conditions



ESS Key Environmental Impacts Key Social Impacts

Management of Elephant Movements
Living  Natural Forest Clearing and Terrestrial Habitat
Resources Loss
ESS-7
Indigenous NA NA
Peoples
ESS-8 . .
NA Protection of Cultural Heritage
Cultural
. Community engagement
Heritage ¥y engag
ESS-9
Financial NA NA

Intermediaries

ESS-10

Stakeholder

Engagement and NA NA
Information

Disclosure

B52 CLI MARESK | NTERACTI ONS

The ESI A wi ll address the potenti al exposure of t he
l andsl i des, ri sks that are expected to intensify due t
proactively incorporated design considerations to enhe
against future climate scenari osdetTahiils tsheec tsipoenc ioffi ct hdee
made to reduce the vulnerability of the infrastructur e
risk review wild.l be conducted, focusing on the impact

B53 UNPLANNEWENTS | NTERACTI ONS

The scoping process for unplanned events includes iden
|l eading to environmental, soci al and/ or community heal
road accidents and fire andaddBel®si on as detailed in

TABLBE1IO SCOPI NG REVI EW OF UNPLANNED EVENT | NTERACTI ONS

Risks Receptors Description Scoping

Qil, lubricants, bitumen, paints or other hazardous
material spills and chemical leak to unpaved areas

Accidental Surface water, soil, | could potentially seep into the soi | or make its way

|96_1k5 aqd and groundwater to nearby surface water. However, as the

spills in _ infrastructure construction will be phased, the In
. Community health . )

construction and safet amount of hazardous materials present at any time

phase y on site is expected only to generate a negligible,

temporary localized impacts that can be promptly
remediated through standard hazardous materials



Risks Receptors Description Scoping

handling practices. Therefore, this unplanned event
is scoped out from the ESIA

Surface water, soil,
Hazardous /

Chemical and groundwater Improper hazardous / Chemical waste disposal may
waste Community health | result in contamination of water and possibly result n
released o and safety in disruption of ecosystem. It may contaminate
; drinking water and may cause air quality issues.

environment Terrestrial  Flora 9 y quality

and Fauna

Surface water, o ) ] ]
Road seawater, soil, and The rise |n.road tra.ffllc volume durllng Fonstructlgn
accidents in groundwater and. operation ampllfles the pot.entlal risk of tr.afflc
construction . accide nts, leading to the risk of mortality of In
and operation Terrestrial Fauna terrestrial fauna and community health and safety.
phases Community Health | tpiq ibact will be discussed in detail in the ESIA.

and Safety

The storage of fuel for machinery and bitumen for
road pavement may elevate the risk of accidental
fire. However, given that the construction sites and
storage areas will be dispersed along the length of
Community health | the road, it is unlikely that fuel will be stored in
Fire and | and safety quantities large enough to pose a significant

; Out
explosion Terrestrial  Flora | €XPlosion hazard.
and Fauna Adhering to good international industry practices for
fire prevention and response will effectively reduce
the fire risk to a negligible level.
As a result, this potential impact is scoped out from
the ESIA.
. Constructing elevated bridges involves working at
Fall and slips . . . . . o
in construction Community health | heights, which carries a risk of falls. Additionally, In
site and safety construction debris on the ground can increase the
likelihood of slipping  accidents.
Struck by . . .
moving Community health Large and movable construgtlon maghlnery .vvnII b.e
. . used throughout construction period, this will
machinery in | and safety _ . )
; ) potentially lead to being struck by moving
construction Terrestrial Fauna .
. machinery.
site
B54 SCOPE®DUT RI SKS AND | MPACTS
Al the issues that ar eT anaIrBk8e(di .aes. fawh iitretderianct i on i s |
expected) will -obuet aflrlons ctohpeedi mpact assessment and wil/l
during the subsequent ESI A and HESNMRTr eT haesssee sisnetde rtaoc thi aovne
insignificant impacts on the environmentiadalkllBel 1soci al
Furthermore, this section provides rationale for scopir
mar ked fAgreyo (where an interaction is reasonably pos
where issues are propreaseodutt oasbet hec | i keli hood of t he

significant effects is considered | ow. Such E&S i ssuce



subsequent ESI A. The rationale for such scoping out
receptor/ .resource



TABLBE11l SCOPEDUT RATI ONALE

No.

11

1.2

1.3

1.4

Receptor/

Project Activity
Resource

Physical Environment

Construction Phase
. . Construction of river training works
Air Quality 1 g
1 Construction of culverts / drainage and water management

structures

Construction Phase
1 Construction of temporary ancillary facilities
1 Road construction & retaining walls
Waste 1 Construction of river  training works
1

Construction of bridges, including foundations, piers /
abutments, and superstructures

1 Construction of culverts / drainage and water management
structures

) o Construction Phase
Noise/Vibration S
1 Worker mobilization/influx

Greenhouse Construction Phase
Gas Emission 1 Worker mobilization/influx

Rationale to Scope Out

The dust emissions generated during river training work and the
construction of culverts are expected to be negligible. This is due

to the relatively wet environment and the coarse granul arity of
riverbed sediments and soil on the riverbanks, which are less

prone to suspension by wind.

These construction activities are not likely to generate significant
waste because materials are expected to be procured locally from
the riverbed. Additionally, the use of prefabricated components
in bridge and culvert construction further minimizes excess
material. Temporary structures like formwork are commonly
reusable or rec yclable, contributing to overall waste reduction.

Generation of noise from presence of workers is expected to be
negligible in comparison to the machineries used in the
construction phase. Potential nuisance from the presence of
workers and in the vicinity of their accommodation will be
discussed in the Community Health, Safety and Security section
of the ESIA.

Presence of workers is expected to have a negligible impact on
greenhouse gas emissions as associated mainly to the generation
of energy at their accommodation.



15

1.6

1.7

1.8

2.1

2.2

Surface Water
Quality and
Flow

Hydrology and

Ground Water

Sediment/soil

Traffic

Biodiversity

Protected
Areas

Aquatic  Flora
and Fauna

Construction Phase

1 Construc tion of temporary ancillary facilities

Construction Phase
1 Construction of temporary ancillary facilities
9 Site preparation/Land clearing
1 Earthworks (Cutting and Filling)
1

Road construction & retaining walls
Construction Phase
1 Construction of temporary ancillary facilities

Construction Phase

1 Construction of temporary ancillary facilities

Construction Phase

1 Worker mobilization/influx

Construction Phase

1 Construction of temporary ancillary facilities

Temporary facilities are expected to have a small footprint
compared to the rest of the infrastructure and will have limited
interaction with surface water.

Those mostly terrestrial operations are unlikely to have any
significant interaction with the area's hydr ology. The right of way
is negligible compared to the effects that the construction of the
bridges will have on the rivers.

Temporary facilities are expected to have a small footprint
compared to the rest of the infrastructure.

Given the depth of the gr  oundwater table, it is unlikely that any
of these activities will affect this receptor.

Temporary facilities are expected to have a small footprint
compared to the rest of the infrastructure and the areas occupied
will be rehabilitated upon completion of construction.

The construction of such facilities will be very short and unlikely
to affect the traffic on the existing road network.

The presence of workers on the construction site could increase

the risk of poaching wild fauna and collecting flora in the forest.
However, the road alignment does not intersect with any
Protected Areas. Although the section of the road near
Tareythang is relatively close to the Royal Manas National Park,
access for workers will be restricted by the Tar eythang Center,
which is equipped with a permanently guarded post.

Itis expected that temporary facilities will be installed outside the
riverbed and have limited interaction with the aquatic habitat.



2.3

3.1

3.2

3.3

Terrestrial Flora
and Fauna

Social

Land Use and
Livelihoods

Visual and
Landscape

Cultural
Heritage

Construction Phase
1 Worker mobilization/influx

9 Construction of river training works

NA

Construction Phase

1 Construction of temporary ancillary facilities Site
preparation/Land clearing

Earthworks (Cutting and Filling)
Road construction & retaining walls

Construction of bridges, including foundations, piers /
abutments, and superstructures

1 Construction of culverts / drainage and water management
structures

Operation and Maintenance Phase

1 Road Operation and Maintenance

Construction Phase

1 Construction of bridges, including foundations, piers /
abutments, and superstructures

The potential for poaching due to the presence of workers on site
is expected to have a negligible impact on local flora and fauna,
as the Project predominantly traverses agricultural land and
plantations (i.e., Modified Habitats) where human activity already
significantly influences the ecosystem.

Works conducted mainly o n the riverbed is unlikely to generate a
significant impact on the terrestrial flora and fauna.

NA

All construction activities will be temporary and are expected to
have a negligible effect on the landscape and visual amenity.

The road will largely be concealed by existing vegetation and will
traverse rural areas with low population density. No major tourist
attractions or significant landscape features are anticipated to be
impacted by the road.

The visual impact of the bridge is also expected to be minimal.
The main cross ing over the Mau River is being carefully designed
by both the engineering and architectural teams to blend with the
landscape and traditional architectural elements of Bhutan to
potentially become a landmark for Gelephu.

As there are limited receptors th
included in the scope of work.

e visual impact assessment is not

The riverbed is subject to strong flow during the wet season and
high sediment flow. In such harsh condition, it is unlikely that the

riverbed may host significant findings of cultural heritage
significance.



3.4

3.5

3.6

3.7

3.8

Indigenous
People

Vulnerable
groups

Community
Service
Infrastructure /
Social
Infrastructure

Employment
and Local
Economy

Community
Forests

NA

Construction Phase
1 Construction of temporary ancillary facilities
Worker mobilization/influx
Site preparation/Land clearing
Earthworks (Cutting and Filling)

Road construction & retaining walls

= =4 -—a -—a -a

Construction of bridges, including foundations, piers /
abutments, and  superstructures

NA

NA

Construction Phase
1 Construction of temporary ancillary facilities

9 Site preparation/Land clearing

NA

The construction of the road and bridges may affect vulnerable
populations. However, the specific individuals and groups at risk

will be identified during the Pre - Construction Phase, particularly

during | and acqui si ti ot+of-Wag.rPriot

th the r

commencement of construction, impacts and mitigation

measures, including the preparation and implementation of a

Resettlement Action Plan, will be established to address and

manage these effects.

NA

NA

Temporary ancillary  facilities will be located outside community

forests.

Land clearing in community forests is expected to be negligible
and managed during the Land acquisition for Right
activity.

-of-Way
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C ENVI ROIENTABASEL IMETHODOL OGY

C.1 PHYSI CAL ENVI RONMENT

C.11 TOPOGRARHHY BHUTAN

Bhutan is a | andlocked country situated in the eastern
rugged terrain including high mountains, valleys and ri
China to the north and India to the south, east, and w
Bhut ands topography shaped by its |l ocation in the eas
val |l eysoweor i ng mountains. The country's mountain syst
Hi mal ayan range, which extends across Nepal, I ndia, an

di stinct ranges.

The Northern Bhutan is dominated by thenGreheéeTi Bleéemah aly
with several notable high peaks such as Gangkhar Peuns
meters and above. The glaciers from the northern side

The Bl ack Mount ai ns at ceret reaas t Rhr int aann dd i wei sdteesr nt hBhut a|
ranged from 1,500 to 5,000 meters with dense forest ar

Cl11 SEI SMI CI'TY OF BHUTAN

According to the IndidrcRegiaecn&long¢i smo Map, Bhut an f a
i ndicating & evemy chsirdgshhlowmiAgutxrlet he Rour kee Map cl assi fi
portion of Sarpang as having a high sei shlihe hastairmat & o

seismic hazard | evels for northeast Indiaoahd6BhMSKnNn a
I ntensity Scale for eart hlghuea klea tgersotu nrda ps hatkawsgy . Bhut an |
Zone VI, which has a PGA ofrétefg pedi ®&dg5gf féev5aand

respect’ivel y.

111 T Rou(rk®®e®)Y ate of Bhutanodés hydropower projects
https://yesheydorji.bl ogs-péfbth.ud camys@0d g ép@ &rj £tcdtse ht ml

2Draft Indian Standard Criteria for Earthquake Resistant Des|
[ Seventh Revision of 1S 1893 (Part 1)] (I'CS No. 91.120.25).
htt pwwWw/services.bis.gov.in/tmp/WCCED21022343_26042023_2. pdf
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FI GURERE SEI SMIC HAZARD RI SK MAP OF BHUTAN

SEISMIC HAZARD MAP OF BHUTAN'

Map redrawn by Tenzin Tshering

Map source: IIT Rourkee, 2009 VERY HIGH HAZARD HIGH HAZARD MR ERATEHAZARD Lo RIAZARID)

Seismic Hazard Risk Map of Bhutan

0750493 Gelephu-Tareythang Road Project

Figure Source: IIT Rourkee (2009) Date: September 2024 ERM

Cl2 CLI MATE

The climate wdriBehsutsaingni fi cantly accor di hlge t ®o uhmattsriy ude
three distinct climatic zones: subtropi cal ,nuanheprionues an:
mi c4cd i mat esddamavarci ations in elevati]iTwo amdnt cpegoagpshyga
climatic variation of mean temperature and precipitatdi
the country and the influence offheheaNor glhaugnadigastmons
i s indidadtgad-Qi n

SNational Center for Hydr.dl20gly®naanldy sMest eoofr oHiosgtyor i ¢ al Climate
Projection for Bhutan
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FI GURE2 ELEVATI ON MAP | NDI CATI NG THE DI FFERENT RAI N GAU

Topography

[ GMC Boundary
A Gauging Stations

Chuzeygang
\ 4«
'

3

Elevation Map Indicating the Different Rain Gauging
Stations

0750493 Gelephu-Tareythang Road Project

Figure Source: CDR (2024) Date: October 2024

C.2 WATERESOURCANMDHYDROLOGY

Most major rutvaemsofiingiBmate from gl aciers and are reple
The river system is characterized by main rivers fl owi
tributaries mov-wegtidiaaceaseh. They typicall yhafreaotwir e
stespded valleys that occasionally widen to create sm
Short -freadi nt ri butaries descend steeply from the east or

The distinct rainy and dry seiacamts § emaBhudlanv araiustei an g
During the monsoon season, rivers carry |l arge vol umes
Conversely, flow |levels are relatively | ow during the
Il imited presencgro@indaater reservoirs.

Bhut an has four maj or river systems: the Drangme Chh

Punatsang Chhu (Sankosh River System), the Wang Chhu
Chhu (Torsa River System).
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C.3 WATERUALI TY

C3.1 SURFACE WATER QUALITY

The baselingudhiwaeéorqual ity assessment was done based
in Baseline sabnpySscunffapkawater (n=10) sampling sites ha

i nvestigation based on the¢eipmysiThogr aphiecali oonownd sites v
the |l ocation Pobjdcffeompbnents, junction of swateeaarms c
vel ocity and some of the stagnated pools along with th
sites wereed thaarsgeedd on availability of human activities.
Surface water sampl i ng2®2als Acuognudsuta tP2€00P@ s i t,esconduct ed b
Mitra S K L@&bagruaE€td).rAy t ot al of rtadon w@t @y @gamples were co
tested for various physical and chemical parameters, as
The sampling water was analyzed bMi tamlLddagteidagdede | abol
results were commeriedtt dVattlee Qu,alBntwi rCorni nmeenrtiaal S4 andar
and Guidelines-WaoerDRQiuleidibgi dn

For carrying out the Compliance Monitoring and assessi
standard for t he Environment al Commodity following s

standard wused in this $s$hddgnwBtahdarde BSdeciSuréacieonnat
Quality Standards (faSuptacéeSwapeées)

“National Environment Commi s

sion Royal Government of Bhutan,
SWorl d Health Organization, 2022.



ERROR! NO TEXT OF SPECIFIED STYLE IN DO ENVI RONMENTAL BASELI NE

FI GURB DOCUMENTATI ON OF SURFACE WATER SAMPLI NG

SW1 at Midstream
of Mau River

HS_WS at Upstream
of Mau River

Photos of Surface Water Quality Monitoring

0750493 Gelephu-Tareythang Road Project

M

Photo Credit: Mitra S K Laboratory Date: September 2024 ERM

C3.2 GROUNDWATER QUALI TY

The baselingr davadt efoal ity assessment was done based on
in Baseline saS8Sipd{ népy ot awnndcdvaatpdri ng sites have been ch
investigation based on the physiographical condition.

Gr ouwat er sampl i ng was2 &20ln dAuucgtueddia tn@ 002() s, teesnducted b
Mitra S K L@Ebhagu&Lidd.rAy t ot al ©04f) rfgoburwalt er sampl es were co
tested for sacbabuangdhghemi cal parameters, as well as mi
The sampling water was analyzed bMi tamLédbdlr edaatrdyde | ab o
results were coAmphiedtt Watkbe Qudlai i wyEnmaiirtcermeant Commi s s
Royal Government of BawmtdaGui dehien@®-2RoerDQuiakidbgi d¢n.
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For carrying out the Compliance Monitoring and assessi
standard for t he Envi r onnoewmitnag  sCQoentmofdiietdy nfaotlilon al an
standard used in thislsitdidayn Whianh aarde Stpherei i nfkWanegelrSo:ns f o
10500, regul dtoesaeldOildl charactemwiaseircs of drinking

FI GURE DOCUMENTATI GCGROONDAW ER SAMPLI NG

GW1 at Geléphu Workshop

K 0PS Mop Camera

_ i MR By SR
GW2 at Résidence Area in Tareythang-
2 33 - B B ops Map Camern

ang, Bhutan Kalikhola, Sarpang, Bhutan

RH5J+3W, Kalikhola, Bhutan

AM GMT +06:00 AM GMT +06:00

Photos of Groundwater Quality Monitoring

0750493 Gelephu-Tareythang Road Project

Photo Credit: Mitra S K Laboratory Date: September 2024 ERM

C4 SOl'L QUALITY

The monitoring of the soil quality was carried out to wu
on the fertian soil sampbecmwadepgioh | fehirgdsdas)f d Oe

As there are not national standar d&nfbobeds8B8t ht gssaEnviyyr of
Protection AgemoayYyu(tUWhERA)andar d: Dutch Target and I nter
haseen used for UShHEP#Aast Wleew.el oped various soil st ands
depending on the type of contaminBtolboagi tahdSask, Sanden
(Ec®SLs) for mammal s are utilized as r erfeetremtceec awlhad gcih

receptors (plants, animals) from the effects of contam
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FI GURES DOCUMENTATI GOl QF SAMPLI NG

v

15 073 bup Camarn

Photos of Soil Quality Monitoring

0750493 Gelephu-Tareythang Road Project

Photo Credit: Mitra S K Laboratory Date: September 2024




ERROR! NO TEXT OF SPECIFIED STYLE I N DO ENVI RONMENTAL BASELI NE

C.5 AMBI ENT AI'R QUALITY

The distribution of pollutants in the atmosphere is i
| ocati on of emi ssi on sources, both natur al and ant h
phenomena that are felt, namely wind, at mospheric sta
humi dity, temperaturBaseaelmomg aithequsal i tcyr otsysp iacnayl |pya rvtairci
area. I n essence, the baseline can be considered in th
Natur al Baistehiisnerepresents the pollution concentrati
region due to sources other than homhoemcdmsPvMNP My . )
concentrations. Nat uvraaldl yNeQoe ctuy pii @@l INO mi ni mal
Regional Souhtsesrepresents the pollution concentrati
or nmpaint sources that wild/ affect substantial areas.
Local Souitbées represents pollutant concentradgdalnes th
bumay be substaatécédl dry &lleowcal | evel. An example of s
traffic and in the middle of towns where theisseadree ve
sources. These sources can | ead to elevated pollutant
te pollutants of interest.
The baseline environment al conditions in Gelephu are ¢
rural, a-mahdsasmiri al el ement s. This creates a mix of nat
The air quality in Genlfdpuhewn ciesd goeyn droeclally t raffic, househ
wood and biomass bur-bond®r podlotoboes from India. While
typically better compared to heavily industrialized coc
veihcl e traffic may | ead to localized degimmadadtRdnNOf ai 1
and CO are expected to be the primary pollutants in am
The key rationale for baseline study is to determine th
area. The approach to the baseline nEBWGEHS i @gi dvaalsi niens
Environmental: Air Emissions and AmbieotedsiroQalalij t¢gé¢
and expeHowewver, the framework does not contain any pr
t hefrore reference has been made to other international

The baseline study encompassed 2amiNiGent Povomd t-B8Mi Tilge of

poll utants of interest are based on a review of t he
i nternagduiodcarce, namely increased traffic (exhausts fro
such as trucks, and excavatomstrandeicat sdi @aatsi ¥ir bime €.
Moni toring air quality across different seasons helps
l evel s. This is essential for understanding the typic:

deviations that emiegrhgti nigndiiscsatees or change®fAtinhgoll mtei @
writiomgtyheet sedava has beemndolalnad tyanmndi t otriengdrof seaso
wi || be undertaken and wil|l be incorporated into the
avial abl e.

C5.1 PMoAND PM

PM monitoring was uncent h&etwkefaodr dirwo seasons (at the ti
only t hsee awedtat a i s awvalHebrhenitor used AQ@S$ ainr Amlohmqtuaarl

ocation was <chosen basedtons:t hdécdeoddiolwiilnigt yf,a securi
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proximity to the Project area and sensitive receptors.
after 23 days; the periods of missing data are attribu

The |l ocations fooniatiariogwalwearye msel ected based on the
receptors, which include areas with populations likely
Of note is that the baseline survey was undertaken pric
These |l ocations are prioritized for monitoring to ens:
from the project are accurately assessed and mitigat e
safety.

C5.2 NG, NABND &0

Moni toring was under twdknegn pfodrl utk hedtasnpod IDDIZ i ng P-aly mes
di ffusion tFilpauL-é) se@rovided and analysed by Gradko Lab
for raopxpi mately 30 days perhles adnpflfiunsgi ornoutnulbes were sent
analysis to determine the period mean concentration.

FI GURB DI FFUSI ON TUBE ( AQ1)

C.6 AMBI ENDI SE CONDI TI ON

Toassess background noise | evel salatc oaussdh cs @ mEltirrugnelnd ad |
t hroughout the monictaonreieng threogreagmi rements of | EC 61672
Level Met er 0 -weiitghhtamg Aresponse <curve. Nod grannoegdg etr o
continuously record the foll owninngutneo iisnetadgewdackhan:danldi ces

Lai1oa n dambn

Baseline noise samplingewarny) chmatuictoesds aPtbgegect i mpact a
to measure ambiendsinrmg seoulrdel svel meters ovlehhre @i per i o
samplingowasas chtyedDepart ment of Energy and .Climate Change

C.7 TRAFFI C AND TRANSPORT
C7. IRELEVA®NtTandaANDBIUI DELI NES

C7. 1BHUTAN STANDARDS

TheRoad Act (eddtl8Hhl i shes the roles of government al bodi
and administer the road network. The Road Act requires
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prepare a national roag®amastmed epneaann agdndn5 pl ans; devel
design standards, manual s, and technical gui des; i mpl
standards; pursue the planning, construction, and main
safety standards in road design. The Rots fAecbhbmrequoaeesp
for their jurisdictions to be incorporated into the n
pl anning, construction, and maintenance of | ocal roads

Department of Roads opertanty sofwi Wdri kns tehred Milinman Set t | e me

Thd&koad Rules and Regul aetsitoanbsl i(s2h0 la6d)mi ni strati ve author
for the Department of Roads and | ocal governments to a
provides di spute r esodaquiiroems pa oTcreadfufriecs ;Marnagement Pl an
or maintenance activities that would affect road users

be prepared in consultation with the Traffic Division
Safetnyd alransport Aut hority of the | ocal jurisdiction.
working on a road open to traffic must take all/|l reaso
injury to construction workers and road users, or dama

TheRoadSafety and TransportanAdcttRhehd9ogafety and Trans

Regul ati ons) (e0t2albl i sh requirements for driver l' i censi
driving under the influence of alcohol or drugs, speec
i nsurance, and commerci al passenger vehicles. The reg

of fices of the Road Safety and Transport Authority, und
Communications. The Traffic Divisiondes thef RogaénBbucdt

Thé&Road Classification Systemwasn @Buhhltiasshd®20dy t he Minis
and Human Settl|l ement to provide a clear understanding
various road®daeegdninadardsrr adftvegs wi dt h, standard <cros
design speed, horizont al and vertical alignment, and o

C7. 1l RTERNATI ONAL STANDARDS

C.7.1Wbrlld Bank Group Environmental and Social Standar

The World Bank Groupb6és Environment al and Soci al St anda
address traffic iamdpamnagr api®ty¥0 through 13:

10. The Borrower wil/l identify, evaluate and monitc
ri sks rtkoe rwso, affected communities andPropedicyfdfee t h
and, where appropriate, will develop measures and p

EMini stry of Works and Human SettlemeRiooadDE€parstsindmntc acfi oRo B s
Bhut &Arv.aai | abl Bt fpem// www. moi-tomioenbit iwpboads/ -0 hks/sG 3/ Ramad on
SystenmBhut-&nnal . pdf

“"Worl d Bank Group HnWBQ)onndeln7t.al and SoAviaall aForlaemeawor k .
https://pubdocs.worldbank. org/ en/ 83772InN5B27i6&21050108/ Environm
Framewor k. pdf #page=59Azcoeosns=8d0 Oct ober 2024.



https://www.moit.gov.bt/wp-content/uploads/2014/03/Road-Classification-System-in-Bhutan-Final.pdf
https://www.moit.gov.bt/wp-content/uploads/2014/03/Road-Classification-System-in-Bhutan-Final.pdf
https://pubdocs.worldbank.org/en/837721522762050108/Environmental-and-Social-Framework.pdf#page=59&zoom=80
https://pubdocs.worldbank.org/en/837721522762050108/Environmental-and-Social-Framework.pdf#page=59&zoom=80
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wi |1 i ncorporate technically and financi alPdgj detasi
design to prevent and mitigate potenti al road safe
communi ties.

11. Where appropriate, the Borrower wildl undertake
phase oPf ofleet, and will monitor incidentregandraaceipd
of such monitoring. The Borrower will use the repol
and establish and i mplement measures to resolve the
12. For vehicles or fleets of vRhijcelceas (foomn etdh e rp ure
thBorrower will put in place appropriate processes,
driver and vehicle safety, as well as systems for
Borrower wi || consi der the safety record or ratin

decisions and require regRrlogrecmaivrethe ctdrese of all

13. Poojects that operate construction and other eq
the wuskrogfect equi pment could have an i mpact on p
infrastruet uBoer,r otwer wi || t ake appropriate safety
occurrence of incidents and injuries to me mber s (

operation of such equi pment.

C.7.11EC2Environmental, Health and Safety Guidelines,

The Environmentmd ,Sdlfeatlt h(EWMS) Gui delines are technical
gener al and-spadiusitecy exampl es of Good Pnaethati on&lIll F
Per formance meastuthreesGuadel noemal |l y acceptable to the Wo
argenerally considered to be achievable Ffhhaefvolflacwi md
Guidelines have applicability to road construction, de
| FC Environmental, Health, and Safety General Guidelin
Section 3.4 of the al FGGUEHS | iIGerener afiiressad et y, emphas

Afadopti on of safety measure®m oflaet aoe kpreoetaantddi veadf us:
those who are most vulnerabl &@&The goadetiraktti ¢oactirdéhhi
bel popware applicable to Projext construction practices:

T Adoption of best transport saf et yPrprj ecctti cogpseradrn mns av
goal of preventing traffic acci dent sPraonjde cnti np enriszoi nnnge |i
the puMddasures should include:

o Emphasizing safety aspects among drivers

ol mproving driving skills and ;requiring |icensing of

o Adopting | imits for trip duration and arranging dr i\
o0 Avoi ding dangerous r oduatye st oa nrde dtuicnee st hoef ;ri sk of accid

o Use of speed control devices (governors) on trucks
acti.ons

8] FC (I nternational Pi naoEBE®v iCoe@ mptoala,t ienal t h, and Safety (EHS)
April 30, 2007 .htAvpasi:|/a/bWwwew.aitf:c. or g/ cont ent-be amfeinigcu/i ddoect/i 2n0e0s0 / =
en. pdfAssed October 2024.

I FC 2a07


https://www.ifc.org/content/dam/ifc/doc/2000/2007-general-ehs-guidelines-en.pdf
https://www.ifc.org/content/dam/ifc/doc/2000/2007-general-ehs-guidelines-en.pdf
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1T Regul ar mai ntenance of vehicles and use of manufact

potentially serdawsse d chcyi deeqqtispment mal funct;ion or pre
T Where Rrlopg ect may contribute to a significant increas
where road transport is a sPrgoniekcitdahimememnpersentncd fudea:

o Minimizisgrpadei nteraction with construction vehicl

o Coll aboration with | ocal communities and responsib
visibility and overall safety of roads, particul ar/|
ot her | ocations mwhyerkeechi ¢ése en. Coll aborating with

education about traffic and pedestrian spapfety (e.g.

o Coordination with emergency responders to ensure the
the event of accidents

oUsng locally sourced material s, whenever possibl e,
Locating associated facilities ®uajhe cats swniotrekserarcd mgprs
wor ker bus transport to mi;nimizing external traffic

o Empl oyi ng s afoenttrrodf fmiemasures, including road signs a

dangerous c.onditions

| FC Environmental, Health, and Safety Guidelines for T

Th&O0OOEHS Gui dehthede I ndustry Sector Guidelinesfomhe |

Tol | dRoancmevadseu reed evant to construction, operation and
projects including #Ssanispobetdabaioddegui del ines within
address pedestrian and traffic safety, including the f|

Pedestrian Safety:

T Provision of safe corridors along the road alignment
and bridges (e. g. paths separated from the roadway),
under the roadway) f or pesdedsutrriinagn sc oannsdt rbuicctyjcolni sathd o p

olnstall ation of barriers (e.g. fencing, pl antings)
except at designated crossing points;

olnstallation and maintenance of speed control and
crossing areas; and

olnstallation and maintenance of al | signs, signal s,
regulate traffic, specifically those related to ped:

Traffic Safety:

T I'nstallation and maintenas¢e maf kiahfggs,sigmd, oshgmaldeyv
regulate traffic, including posted speed I imits, warn
conditions,;

1T Setting of speed | imits appropriate to the road and t
1T Design of roadways toi aicpamed diat &f fain¢ vol ume and fl ow

T Maintenance of the road to preebhtl|l mecHaeital rbadl ooaea

] FC (International FinamEevCoopmeatabnp. H2a@bD?h, and Safety C
for Toll Roads. AwpariillabB@et pa20:07 www. i fc. org/content-td-aim/ i fc/ do
roaedhggui deteinmnepsd Accessed October 2024,



https://www.ifc.org/content/dam/ifc/doc/2000/2007-toll-roads-ehs-guidelines-en.pdf
https://www.ifc.org/content/dam/ifc/doc/2000/2007-toll-roads-ehs-guidelines-en.pdf
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on of roadside rest areas at stradrdic

on of measiuoeas bet weemceandcaomlall iss and vehi

Cr. METHOD OF ASSESSMENT

TheProj eeftfoscttsr adnf i ¢ and t mamespdretnataimdiedi gyt i ng t
amount of -gRernoejreactted traffic dwuarndgtltenshangeéei om

resulting

measur es to

from the pDiopeoctedamaew mobiardect i mpact,s ot tsi
positive andamegatnsiedered and the I ikely daViidnigfaitd amt
redacéilkiakeée!l wfefsicati heedr.eesi dual significant

positive an,darnee gtahteinver eported.

The magnitude of the road traffic | AppendioXs tdhef iESd dA.

TablBCldefines the magnitude of i mpacts spabiBEC.2
defines the significance of those impacts specific
drivers, passenger s, public transit users, pedestrians

TABLBEEC.1 MAGNI TUDE OF TRANSPORTATI ON | MPACTS

Magni tude

Low

Medi um

Hi gh

Description

Project traffic impacts are | imited to the
site. Mimaweall aoyrs i ncreases in tratkpe esda fda
Project traffic and Project traffic has n
condi tions.

Project traffic impacts affect the road n
traffic would resul t, not intoedaebrlaet ei ndcerleaaysse s
saf ety arniddlo,r noticeabl e ef fects on road

necessitates increased maintenance.
Project traffic impacts an extensive port
woul d r eesxutlandmbVeaynsd/ or substantial i mpact:

conditions t hat necessitates substanti al
repairs.

TABLBEEC.2 TRANSPORTATI ON | MPACT SI GNI FI CANCE

| mpact i Rat

Low

Moder at e

Substanti al

Rati ng Definition

Current and future road system users Ww
activortythe predicted effect is deeme
indi stinguishable from natur al backgro

Current and future road system users w

but the i mpact magnitude is gmal bnj) wah
receptor is of |l ow sensitivity/ vulner
should be well within applicable stand

Current and future road system users Wwi
travel patterndi tromoatdhatonmay al ter
necessary travel or result in travel h
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|l mpact i Rat Rating Definition

Hi gh An accerpdaed sylsitmimt or standard may be
magnitude i mpacts ocoad Bsgssemsiusievs
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D CLI MATE CHANGE RI SK ASSESSMENT

D.1 I NTRODUCTI ON
The primary oofbjteltitd vehapter meshoaodi dall I pimeaetsisf y and
analehwazards directly linked to climate chaPrgog.ewitt hi n

Subsequently, an evatpatibhcoVYePnenabékposure related
hazard wil!| be conducted.

The risk assessment wi || be provided based on wunder
considering vulnerability, hazard, and exposure. Clim
Proj-espéecificeearpdsuul nerability are assessed to ident
materiality to the Project.

Finally, a series of mitigation measures are proposed

D.2 CLI MACBEANGE ASSESSMENT METHODOLOGY

The key objectissesememnhi s8s to under st alnedv etl h ep hpyosti ecnatl i
ri sks Poofkeom climate change. The met hodol ogy consti
steps as given bel ow:

1. Step 1: Desktop Revi ewt ofhat dreddbaseline

For the f,i rastdpsftketped revi ew of prominent natur al haze
att heroPject Isooédfisbore as welTlh ea sn aotnusmhaolreen behvaanidu at e d
and categorized based on potemheat unal camwsier dmmargte d
i nten/lsigegverity and frequency.

2. Step 2: Ev a tluiamachoenn gpefoj ect i ons

This second step involved evaluation prlojsecstucomsasf or
temperatur e, sea | evelTha&nd | pmeadiep icthatnigeen.pr oj ecti ons
mul-mbdel me an cli mate change projections publ i she
I ntercomparison Pr-®jfectwhéicsh( CMlI P ecogni zed standard
Il nt ewe@ronment al Panel on Climate Change (I PCC). The ¢
which the data was evaluated involved RCP 8.5 over ti

3.Step 3: Qualitative estimation of future hazards

TUnder the World Climate Research Programme (WCRP) the Wor |
(WGCM) established tHhet@owpimphr Medel Project (CMIP) as a st

experiment al protocol for studying tohlte anutgewnterafl «couplud dta:
model s (AOGCMs). CMI P pr évaisteeds ian focoammuuicttyur e in support of
di agnosis, vaé¢idampamnisom, documentation and data access. ]
di verse community of scientists to analyze GCMs in a systel
to facilitate modeWl Pénpirovtemenltat est phase ofs tahd aprgoej ect ,
number of modeling groups flrtomnarodwred tmbe ewaomoldee.l i ng groups
advanced emi ssions scenarios considering socioeconomics, al

climate models. CMIP6 offers a widerrrhogk af ekpmat meaoahani
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t hiridnvsotlevped wsd uofurehprojectionsstmn envatl wraale h ez
enti al ri sks i n future. Qualitative estimation (
ducted based on changes in indicator climate vari
ticular natud ahadealziamel nastinmr a&lasteaszawhdere Favelre haz
not readi IHazavwai Ilaebvieel. i n combination with expos
els are used to estimate the physical risk to the

should be noted -t @dared vtiheiws oifs pau bhliigchh y avail abl e i n
ail e-d pescitfei ¢ anal ysi s or model |l ing has been un
estigation may be warranted to quantify the risks

aptation measures.

t her,altihteatqiuve evaluation of the impacts of <cli mat
exercise of educated specul ation and professional
ur al hazards presented here are based on the poss
arachd cl i matic parameters.

What are the Representative Concentration Pathways

RCPs wusually refer to the portion of the concentra
which I ntegrated Assessment Model s predecadi aeaorr
provides only one of many possible scenarios that
characteristics. The term fipat hwayo -empmasbnesnt he
are of interest, but an soovetrhet itmeajteoc troerayc ht atkheat o u
Four4 RCPs produced from Integrated Assessment Mo d ¢
l'iterature and ar e used i n t he Fifth Il ntergover
Assessment as a basis fioong handl pmajt et ppireadwvcdar e as

RCP2.O;ne pathway where radiative forcing?lpefakse a21

t he

n declines (the corresponding ECP assuming cong¢

RCP4.5 and RTGW6 .i0nt er medi ate shwbhybi aatiwmni ctha r ad
stabilized at apprdanddabel?aWames W10 (the correspao

con

stant concentrations after 2150) ;

RCP8.cne high pathway for which radiative f o?flky2nig

and
e mi

continues to rise for some amount of ti me (
ssions after 2100 and constant concentrations ¢
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D.3 HAZARD CATEGORI ZATI ON
Hazard is defined Yays:the | PCC ARG

Theotential occurrence ofi nducatdumphlysocahumarent or tr
cause |l oss of life, injury, or other health i mpacts,
infrastructure, | ivelihoods, service pr oesiocsurocnes.ecosy

Open access databases have been reviewed to assess th
As different sources present different classification
l evels: | ow, medium, and high.

The table bel ow prsdseamnctag itome odl @ he hazard | evel used

TABLLCEL CATEGQ@RTI ON OF NATURAL HAZARDS

Hazard (Criteria for Categorizati on) Report
Categori:
n

Water Availability

Water Stress Low: <20¢

Sour oOMRFAqueduct Water Risk Atlas 4.0

Based on the ratio of total water demand 1

(surface and groundwater)

I nter Annual Variability

Source:-AMRéduct Water Risk Atl as

(Based on coefficient of wvariability (CV
available water and the mean avail abl-0w!

on monthly and annual basi s)

Seasonvalri abil ity Low: <0.:¢
Source:-AMRéduct Water Risk Atl as

(Based on coefficient of wvariability (cv Mediu@n: 3¢
annual available water and the annual meecO. 66

of 1204 9)

2] pPCC, 2022: Climate Change 2022: |l mpacts, Adaptation and
Wor king Group |1l to the Sixth Assessment Report of the | nt
Change-O[ HP°rtner, D.C. RobB8rtPol Mcz@angkar, KE Mintenbeck, A.
Craig, S. Langsdorf, S. L°schke, V. Ml 1l er, A. Okem, B. Ran

Cambridge University Press, Cambridge, UK and New Yor k, NY,
doi :10.1017/9781009325844.
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Hazard (Criteria for Categorizati on) Report
Categori:
n
Wat er Depletion Low: <E
Source:-AMRéduct Water Risk Atl as 25 %
(Based on ratio of tot al water consumpt
resources (surface and groundwater)) .
Medi um: -
50 %

Floodsl and and Coast al
Riverine Flood Risk Low: -2 0
Source:-AMRéduct Water Risk Atl as 1,000
(Based on popul ation exposed to floods pe
Me di um:6/
1,000
Coast al Fl ood Ri sk Low: -9 0
Source:-AQMReduct WaAtrlrafi sk 1,000, 00
(Based on popul ation exposed to floods pe
Medi um: -
300/
1,000, 00
FIl ood Hazard Map LowO®0. 5m
Source:-AMRéduct Flood Tool )
(Based on depth of inundation in meters) Medi um: -
1.5m
FIl ood Hazard Map Medi um
Source: FM Gl obal T
(Based on probability of flood occurring eli!ﬂlllll
Landsl i des
Lands!l iSdisxceptibility Low
Source: Thi ¥k Hazard
(The clmsmdrfds based on probabilistic dat
Medi um
Lands | iHhesar d Low
BGI'S pevsing International Centre for Geohazards [/ NGI. Pr

conducted by GFDRR
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Hazard (Criteria for Categorizati on) Report
Categori:
n
Source: Thi#®k Hazard Medi um
(The classify hazards based on probabilis

Hi gh

Extreme Heat Low: ur
Source: Think Hazard 28AC
(Based wbdel y accepted heat stress i ndi

Temperature (AC))
Medi um:

bet ween
and 32AC

Hi gh: a
32AC
Cyclone and Hurricane I ntensity Low 1-1%3
Source: UNEP global Risk Data Platform km/ h
(Cyclone categordiaemaglkra 9eod et i al as <Sli anpssi
Scal e) Medi um: -

177 km/h

Wi nd Speed

Source: Global Wind Atl as
(Based on damage potential of wind speed (
scal e)

Medi um: -
21 m/ s

Sea Level Ri se Low:-5Qcm

“Gl'S processing International Centre for Geohazards / NGI .
conducted by GFDRR
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Hazard (Criteria for Categorizati on) Report
Categori:
n

Source: CLIMsystems, Sea Level Rise for

(Combined processes of |l ocal (absolute)

movemeaxpressed in centimetres)

Lightning

Source: Lighting I maging Sensor (LI S) on )

(Lightning Density average between 1998 ¢Medium: -

k nt)

0
Hi gh: >6
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D31 EXPOSURE AND VULNERABILITY CATEGORI ZATI ON

Exposure and vulnerability of the Project are necessar
Vulnerability is def i®mesd by the | PCC ARG

The propensity or praedviesmpoeasliyianf ot edck. Vul nerability
of concepts and el ements, including sensitivity or sus

cope and adapt.

Exposure is defined as:
The presence of peopl e; l'iveli howdspnmpatakesfancetconsgs
and resources,; infrastructure; or economi c, soci al, or

could be adversely affected.

Details of the Project | ocati on, design of compoment s,
Project personndbtar eihveg eedx ptoosur e of tthlea zRmr\dislecer aloi | it
can then be assedstdilin doawi ng on Proj eaxnd detsd rmgda ridnsf

together with anwhothemayapeosiwlidence-egxeésdiloppdr eprevent.
measur es.

The combination of exposure and vulnerability is categ:

D.32 RI SK CATEGORI ZATI ON

Risks result from dynamic i ntreerlaactteido nhsa zbaertdoge ewiutrche itanael e
vul nerability of the affected human or ecol ogi cal sSys
compl ex and subject to uncertainty, therefore, ERM has
on professional judgement.

The relation betvwéeamrerhbdbzaidy and exposure i s presented

T A B LCE2 CLI MATE CHANGE RI SK LEVEL

Hazard
o a Low Medi um Hi gh
- ©
5 o Low Low Low Low
n o
o c Medi u Low Me di um Medi um
o
x > Hi gh Medi um Hi gh Hi gh
] PCC, 2022: Climate Changet 20i2@n amgp aulsnerdhami | ity. Contrib
Group Il to the Sixth Assessment Report of the I n®ergover nme
Pertner, D. C. Robert s, M. Tignor, E. S. Pol oczanska, K. Mi nt e
L°shke, V. Mel 1l er, A. Okem, B. Rama (eds.)]. Cambridge Univer

Cambridge, UK and New Yor k, NY, USA, 3056 pp.., doi :10.1017/ 9
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D.4 WATER AVAI LABI LI TY

Availability of water in the airport boundary was as:
water ri sk assessAgewmndducoto!| WawRelr Ri sk Atlas for Water
Variabilitysanaomdl | YVaerability. The description of tr
provided in the table bel ow.

T A B LCE3 LI'ST OF PARAMETERS FOR EVALUATI ON OF BASELI NE

No. Parameter Definition

1 Baseline Water Baseline water stress is defin
annual water withdrawals to the
renewabl e supply, accounting f
use. Hi gher values pptitaba mmo

2 Seasonal VariakSeasonal variability measuryesa
variability of avail abl e wat e

renewabl e surface and groundwat
indicate wider variatiyoms tadfi naw

3 Inter Annual Veglnt-amnual variability measures
variability of availabl e wat e
renewabl e surface and groundwat
indicate wider wvari auapmwlny fimon
year.

D41 BASELI NE HAZARD

D.4. WATER STRESS

The baseline water stress Fimgpmels Apcecrditrg tao the
information, the specific | ocatBir@amagdu threhsei nP.r oTj heec t wa tse
stress shows 6Lowdé indicating that the ratio of t o
renewabl e surface and groundwater supplies is relatiywv
competition among users (domestnhidc| iveduaottki)alf ori thiega
water resources. Hence, considering the hazard <cat e

categorized 0.0 be fALow
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FI GUBREL BASELI NE WATER STRESS

CLI MATE CHANGE RI SK

89°

00 Low - Medium (10-20%)
B Extremely High (>80%)

Legend 0 16 32 km
e

= Preferred Road Alignment Water Stress Scale: 1:1,000,000

[ Country Boundary 0 Low (<10%) Coordinate System: GCS WGS 1984

Data Source(s):
1. Baseline Water Stress, WRI, Aqueduct 4.0 Date: 04/11/2024
Current and Future Global Maps Data. 2023. Drawn By: NS

Review By: MS ERM

Source: WRI - Aqueduct Water Risk Atlas. Available at

https://www.wri.org/applications/aqueduct/water -risk - atlas/



https://www.wri.org/applications/aqueduct/water-risk-atlas/
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D. 4. 1SRASONAL VARI ABILITY

Seasonal Variability FimppDb@riredentheds itkel i hood of wvarie
water availability over differento mdediibwmwi t hdhcat ge
that the supply of water over ®i §f gnéehdocnasoind dgfsienrdgopes n
baseline hazard due t o tbeashoanzaalr dv slreivaabl ielgitoryi bed

fiMe d i uom
During stakehol der consultations conducted in 2024

experience shortageg dff ywstesodur However, such scarci-t
be related to insufficient infrastructure rather than
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FI GURE BASELI NE SEASONAL VARIABILITY

89°I40'

B YT AN

BYAIN(GIIFAID,EfSIH

89° 89°20 89°30°

Legend . Baseline Seasonal Variability
= Preferred Road Alignment Seasonal Variability Scale: 1:1,000,000

— Country Boundary | Low (<0.33) Coordinate System: GCS WGS 1984
" Low - Medium (0.33-0.66)
I Medium - High (0.66-1.00)

: Data Source(s):
I High (1.00-1.33) 1. Baseline Seasonal Variability, WRI, Aqueduct | Date: 04/11/2024

4.0 Current and Future Global Maps Data. 2023. Drawn By: NS 3
Review By: MS ERM

0737107 GMC ESIA Road and Bridges

Source: WRI - Aqueduct Water Risk Atlas. Available at https://www.wri.org/applications/aqueduct/water -risk - atlas/



https://www.wri.org/applications/aqueduct/water-risk-atlas/
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D. 4. 1. STEARNNUAL VARI ABI LI TY

I nt-Annual Variability magpuiipdBeéenantcad eisnthe variations
availability over di fferent years is OLowb. This in
di fferent years is I|likely to be siamielamet hagaadomdale

i nt-amnual varsabategprhiomed as
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Legend °==1£2 km Baseline Inter-annual Variability
== Preferred Road Alignment Inter-annual Variability Scale: 1:1,000,000
:] Country Boundary Low (<0_25) Coordinate System: GCS WGS 1984

Low - Medium (0.25-0.50) 0737107 GMC ESIA Road and Bridges

Data Source(s):
1. Baseline Inter-annual Variability, WRI, Date: 04/11/2024
Aqueduct 4.0 Current and Future Global Drawn By: NS

Maps Data. 2023. Review By: MS

Source: WRI - Aqueduct Water Risk Atlas. Available at https://www.wri.org/applications/aqueduct/water -risk - atlas/



https://www.wri.org/applications/aqueduct/water-risk-atlas/
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D. 4. HAZARD OF BASELI NE WATER AVAI LABILITY

Based on the baseline water stress ,ansneuaasl o nialdir i vagbr i ab
identify a region characterized by a consistently rel
amount of water that meets the majority of requireme
|l evels from season to season or year to year are not

I n conclusion, based on the eval uagaaoanalf \warsied b inlei twy
i nttemnual variability, t he hazard due to availabildi
fiMedi wnon a conservative basmesdi bhmmaszeadr donl etvled associ at
seasowadi ability
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D42 CLI MATE CHANGE PROJECTI ON

Water avtay lvadbd lassessed based on the evaluation of pr
water stress, and seasonal variabilThg watder aVvaimadlei
will be assessed by using the "pessi mi siteiatér mcandri o
| ontger m periods (i.e. 2030 and 2050). TheAgwddhuomer e o
Wat er Ri sk Atl as.

Water depletion measures the |l evel of how humans cons.
of fresh water. A higher de@mlnetiinocnr emsmlde rd eimadhidc af toers
supplies. The projection shows o6Low6é in both 2030 and
water consumption is not significantly impact the ov
unt il 2050.

Further, wat er str essbei s6Lprwhdj ewcnt ceedr tal | climate <cha
presentkidgiubel andi gub-. Seasonal variability is proje
Medi umé for all climate changeFisgcueined ainoFsi gaudDepr esent e
indicates a similar seasonal variability in the futur

Considerzahd bategorization the water depletion and v

as O0Lowb, and the water seasonal wvariability remain 6
Based on the information for the three (3) indicator
demand coocucludr | eading to a water shortage. Hence, t he

in the futufi®Medemmbdns
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Legend
== Preferred Road Alignment
[ Country Boundary

Projected Water Stress 2030 (SSP5 RCP8.5) Scale: 1:1,000,000

[ Low (<10%)
I Low-medium (10-20%)
[ Extremely high (>80%)

o 16 32 km
e —
Coordinate System: GCS WGS 1984

Data Source(s):
1. Projected Water Stress, WRI, Aqueduct
4.0 Current and Future Global Maps Data. 2023,

Projected Water Stress 2030 (SSP5
RCP8.5)

0737107 GMC ESIA Road and Bridges

Date: 04/11/2024
Drawn By: NS
Review By: MS

Source: WRI - Aqueduct Water Risk Atlas. Available at https://www.wri.org/applications/aqueduct/water

-risk - atlas/

CLI MATE CHANGE RI SK


https://www.wri.org/applications/aqueduct/water-risk-atlas/
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FI GUREBE PROJHQINS WATER STMBWBHRI NG5020FOR RCP 8.5
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Legend ‘EéZ km Projected Water Stress 2050 (SSP5
== Preferred Road Alignment  Projected Water Stress 2050 (SSP5 RCP8.5) Scale: 1:1,000,000 RCP8.5)
:, Country Boundary - Low (<10%) Coordinate System: GCS WGS 1984
= kdzué;?;?;?; (( ég:igzﬁ:% 0737107 GMC ESIA Road and Bridges
[ Extremely high (>80%) ?.a ETO?ZE‘J:S (\:I);ter Stress, WRI, Aqueduct Date: 04/11/2024
4.0 Current and Future Global Maps Data. 2023. Drawn By: NS
Review By: MS ERM

Source: WRI - Aqueduct Water Risk Atlas. Available at https://www.wri.org/applications/aqueduct/water -risk - atlas/



https://www.wri.org/applications/aqueduct/water-risk-atlas/
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D. 4. 2PROJECTI ONS OF SEASONAL VARIABILITY

FI GUBREBE PROJECTI ONS OF SEASONAL VARIABILITY DURI NG 2030 FOR RCP 8.5

89°20" 89"‘40'

BIHIUATFAIN

-

BJAIN|GILYAYD,E{SIH

890 s9°10'
Legend N Projected Seasonal Variability 2030
= Preferred Road Alignment  Projected Seasonal Variability 2030 (SSP5 RCP8.5) Scale: 1:1,000,000 (SSPS RCP8.5)
[ Country Boundary [ Low (<0.33) Coordinate System: GCS WGS 1984
[ Low - Medium (0.33-0.66)

4 . 0737107 GMC ESIA Road and Bridges
[ Medium - High (0.66-1.00) 982
Data Source(s): 3
1. Projected Seasonal Variability, WRI, Aqueduct| Date: 04/11/2024
4.0 Current and Future Global Maps Data. 2023. Drawn By: NS

Review By: MS

Source: WRI - Aqueduct Water Risk Atla  s. Available at  https://www.wri.org/applications/aqueduct/water -risk -atlas/



https://www.wri.org/applications/aqueduct/water-risk-atlas/
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Legend
= Preferred Road Alignment
[ Country Boundary

Seasonal Variability 2050 (SSP5 RCP8.5)
[ Low (<0.33)

[ Low - Medium (0.33-0.66)

[ Medium - High (0.66-1.00)

4] 16 32 km N

Scale: 1:1,000,000
Coordinate System: GCS WGS 1984

Data Source(s):
1. Projected Seasonal Variability, WRI, Aqueduct

Projected Seasonal Variability 2050
(SSP5 RCP8.5)

0737107 GMC ESIA Road and Bridges

Date: 04/11/2024

CLI MATE CHANGE RI SK

4.0 Current and Future Global Maps Data. 2023. Drawn By: NS
Review By: MS ERM
Source: WRI - Aqueduct Water Risk Atlas. Available at https://www.wri.org/applications/aqueduct/water -risk - atlas/



https://www.wri.org/applications/aqueduct/water-risk-atlas/
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D. 4. 2PBOJECTI ONS OBDEWAEB®R

FI GURB PROJECTI OMATEREPLETDORI NG 2030 FOR RCP 8.5
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Legend N Projected Water Depletion
i = (SSP5 RCP8.5)
= Preferred Road Alignment Water Depletion 2030 (SSP5 RCP8.5) Scale: 1:1,000,000
3 Country Boundary B Low (<5%) Coordinate System: GCS WGS 1984
[ Low - Medium (5-25%) ;
[ Medium - High (25-50%) 0737107 GMC ESIA Road and Bridges i
Data Source(s):

1. Projected Water Depletion, WRI, Aqueduct Date: 04/11/2024
4.0 Current and Future Global Maps Data. 2023. Drawn By: NS

Review By: MS

Source: WRI - Aqueduct Water Risk Atlas. Available at https:/ /www.wri.org/applications/aqueduct/water -risk - atlas/



https://www.wri.org/applications/aqueduct/water-risk-atlas/
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Legend
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[ Country Boundary I Low (<5%)
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[ Medium - High (25-50%)
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Scale: 1:1,000,000
Coordinate System: GCS WGS 1984

Data Source(s):
1. Projected Water Depletion, WRI, Aqueduct
4.0 Current and Future Global Maps Data. 2023.

Projected Water Depletion
(SSP5 RCP8.5)

0737107 GMC ESIA Road and Bridges

Date: 04/11/2024
Drawn By: NS
Review By: MS

ERM

Source: WRI - Aqueduct Water Risk Atlas. Available at https://www.wri.org/applications/aqueduct/water

-risk - atlas/
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C8. 2EBRPOSURE AND VULNERABILITY

The projectos exposure to water availability i ssue
construction phase, as water is essential for activit
Ther efaosr e he construction phase wtihdl ilmate omHand®rr 8l. &
risks are unlikely to occur. During operation the wat
during the dry season and watering of thedrtomdtshale ¢
Mau River Bridge) both Iikely to require a negligible
Based on the information provided above, the Project'

consi demedw.as

C8. 2WATER AVAI LABI LI TY RI SK ASSESSMENT

The table betl bpev shmwary of risk assessment.

T A B LCE4 QUALI TATI VE RI SK LEVEL AND PROJECT I MPLI CAT
AVAI LABI LI TY

Baseline RCP 8-:%5030 RCP 8:5050

Hazard Le

Exposure
Vul nert abt
Level

I mplicati

the Proje T Potential compet-us$eé odutohnenpyeartaetri on pha
Ke y Pot e

|l mpact s T No significant impacts identified

I mpl ement . )
S . T I'f possible, recycaloeadwactl eera nusnegd tfoo rwa
Mi tigatio

greenery.
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D.5 FLOOD

FIl oods can bet devemfeldowmsof wat eéehsubdsmelrrgiemgei of dry | a
FIl oods can be categorized as inland and coastal i n ne
due to hebBrfall, resul-of hgl eadhinght ouwater accumul at.
areas, or overtopping of water bodies s,,anld a&sanrkisver s
Coastal floodinghesgaesesesaoftth& ocean or seal awater vi
estuarine systems onto open | and. tThhiosnbd mmeldd elfd ex t s to
tides, ,ammdogess easeshe sea surface elevation.

Fl oods are |ikely to result in widespread | ocal as we
be caudsueed t o submergence,awdstdamggawayg infrastructure
structures, sewerage systems, damage to power transmi
of agricultural l and and drepshwabantami nagtriopmgafior
waterbdisegard | oss of [|ife.

D51 BASELI NE HAZARD

CDR I nternational conducted a comprehensive study on
for the Gelephu Mindf%A ndeestsaiCligady Hy dbrjewlti.c assessment
using various modell srainndf ahlils tdoartiac,a whi ch were-extrapo

Dur at-Fomequency (I DF) curves that included a climate c|
derived from these curves were used as inputs for h
hydrol ogi cal |mddcd waitmu shed processes, generating di
perenni al river s, while the flood model evaluated co
and pluvi al fl oods, estimating flood depths, extent s,
The model shows t hsatcrtohses iPhrgojaercetasi with high risk of

is conservativel i gob hsaizdaerded oar ft he Project.

CDR, 20®6ig4rological Devel opment of the Gel epphnu Mi ndful ness
Hydr ol ogi cal Assessment and Management Ppiné2ples for Mast
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Legend km A
== Preferred Road Alignment Flood Risk Medium Scale: 1:54,641
Admi rative dary Very Low - High Coordinate System: GCS WGS 1984
Country Low - Very High Service Credit: Esri Community Maps Contributors,

Esri, HERE, Garmin, Foursquare, METI/NASA,
USGS, Maxar

Data Source(s):
1. CDR, 2024 Hydrological Assessment and
Management Principles for Masterplan Area

26°51'30"

26°50'30"

Flood Risk Map Baseline

0737107 GMC ESIA Road and Bridges

Date: 26/10/2024

Drawn By: MS
Review By: MS
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D52 CLI MATE CHANGE PROJECTI ONS

CDR I nternational model ed the risk of flooding with
model took into account future climamper elhamgiev e creasauli
However, at the time of writing this CCRA, the modell
Takl ai Ri ver. The modeling is currently being expand
Gel ephu Tareythang road, but etdheée nr edulst asasressmamntincl
The model identifies areas of high risk in the | owla
and on the riverbanks of the Mau and Takl ai Ri ver s.

change associated with fhiogdhhi ng i s considered #
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Legend

== Preferred Road Alignment

Administrative Boundary
Country

Hazard Risk (100 Years)
Acceptable
Low risk

High risk
I Very high risk
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—— A
Scale: 1:54,641

Coordinate System: GCS WGS 1984

Service Credit: Esri Community Maps Contributors,
Esri, HERE, Garmin, Foursquare, METI/NASA,
USGS, Maxar

Data Source(s):
1. CDR, 2024 Hydrological Assessment and
Management Principles for Masterplan Area

Flood Risk Map Return Period 100
Years

N

0737107 GMC ESIA Road and Bridges 1 é///'

Date: 26/10/2024 %/ﬁ\\\
\

Drawn By: MS

Review By: MS ERM
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D.5. ZXPOSURE AND VULNERABILITY

The road and bridges wild.l be |l ocated in areas Pprone
particularly exposed to the high flow of the rivers d

FIl oodwatcean erode bridge supports by washing away pro

pylgnd eading to weakened structural integrity and pot
For roadways, intense flooding can penetrate and unde
and concretse tloaycer ack, buckl e, or wash away entirel:’
i mpassable and dangeroumoviAddi fili oodwadtyer §aséan strip a
embankments and side slopes, creating further eros

destabiliczemtg laand.

Considering the information provided, the Project e

cat egor ifiHe gcha s

C8. 3RUSK ASSESSMENT

The table bel ow shows the summary of risk assessment.

T A B LCES QUALI TATI VE RI SK LEVEL AND PROJECOODMPLI CATI ON

Baseline RCP 8-:-5030 RCP 8-5050

Exposur e
Vul ner &b tHgieNil
Level

Ri sk L ev e Bzl

T Floodwaters can erode bridge supports,

I mplicati X .

. away pavement, creating ha@azatdheusseosdi

the Proje 7o . -

additional budget for maintenance opere

f Structur al damage for both road and bri

and, in the worst case, resulting in ttF

Surface erosion generating cracks in th

Key Pote q Floods can erode embankmenulsdersl opneaski

|l mpact s vul nerable to further collapse and redt
9 |l sol ation of communities

T Economic |l osses associated to reparatio

chain
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Baseline RCP 8-:25030 RCP 8-:5050

T Compl ete t he flood model |l engthfoof tha
Tareythang road

T Coordinate with the design of upstrean
Gel ephu Mindfulness City to integrate w
reduce the flow and risk of flooding al

T I'ntegrateultthse onest he ful | model to the
the road and bridges and include at | e
year return period, taking into consi de

1T Design facilities and infrastructure
withstand flooding, including but not |

o Avoid pl acement of any vul nerabl e

install ations) wi ahnagenathamahel s and
ensure that the finished floor |l evels
I mpl ement zones; . . .
Mitigatio 0 Debrl_s protection wild.l be_prOV|d_ed e_tt
crossings to protect the piers Wwirbim al
provided in the form of boulders surr:i
o To control erosion on the riverbanks
gabion basket wall s are proposed ups
hi ghway at the bri dwaeus RidveergkhgantgTa
Ri ver s, and the Langer River; and
o Box culverts wild.l be introduced perpe

intervals along the embankment sectio

fl ow underneath the higHdwayg pfevhat hn
1T Prepare an Emergency Preparedness and R
the procedures the Contractor will put
pl an, which wil|l be prepared by thenC
procedamas communi cati on protocols for
construction workers of any emergency ¢



ERROR! NO TEXT OF SPECIFIED STYLE IN CLI MATE CHANGE RI SK

D.6 LANDSLI DES
As perUntiteed States GeoqU®@GFBcall 8ndeéyde is defined as

of a mass of rock, debrsilsgpeor Searetrhal ddvanctars are r
occurrence of |l andsl i des. Some of these are poor me
events, geological formation, earthquake, vibration (
influenced | argel y sbyathuamalno caaclt ilveivteilee Some of the hu
are |likely to cause or aggravate | andslides are def
vi bration from heavy machinery and traffic, bl asting

unstable eaxthwat kbne

Landslides can cause wide stream damage such as di sr
roads and highways, damage to structures/buildings, ¢
or damage of settlements resulting in loss of [|ife.

D.6.1 BASELIHNAEZ ARD

CDR I nternational conducted a comprehensive study on
for the Gelephu MindfWSmebssCudy Pnojedeéed a preli mine
the I andslide hazard in Sarpang region.

Al t hough Gel epht utadwerd o a relatively flat alluvial g
extending toward Tareythang traverses a mor e undul &
variation in topography introduces differing enviror
potentialdiyndg ncus@epti bility to erosion, l andsl i des,

sl oped areas.

Al most the entire area overlapping with the proposed
l ow to | ow ri sk, with the mxoétpthenrofhdtdbdaitmag st e
Tareythang, which is classified as medium to high.

Theverall risk is conservatively assumed as @AMedi umo
500m of road close to Tareythang.

"CDR, 2®g4rological Development of the Gelephu Mindfulness
Hydr ol ogi cal Assessment and Management Ppiné2ples for Mast
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FI GUBREL2BASELI NE LANDSLI DE HAZARD





























































































































































































































































































































































































































































































