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Project Number: 52362-001
April 2019

BAN: Spectra Solar Power Project

Prepared by ERM India Private Limited for Spectra Solar Park Limited and the Asian Development
Bank.

This initial environmental examination is a document of the borrower. The views expressed herein
do not necessarily represent those of ADB's Board of Directors, Management, or staff, and may
be preliminary in nature.

In preparing any country program or strategy, financing any project, or by making any designation
of or reference to a particular territory or geographic area in this document, the Asian
Development Bank does not intend to make any judgments as to the legal or other status of any
territory or area.
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Subject: Clearance of 141.740 acre land as non-agricultural land at Boruria Mouja, Shivalaya
Upozila for construction of proposed 35 MW Solar Park by Spectra Solar Power Limited.

Revenue Deputy Collector, Manikganj
Dt: 03/04/2016

www.erm.com Version: 1.0 Project No.: 0495823 Client: Spectra Solar Park Limited 28 February 2019



ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT OF 35 MW SOLAR POWER PROJECT IN MANIKGANJ DISTRICT OF BANGLADESH

' s L 2L I 2

t B w o v v ie A

PR | v E-220 e S o

y ! X -vm -1‘ ~

EA 717 B33
“ ST a! AT FTETE S

Betoee g wft
W.ﬂfdﬂ&l

% Q!‘ﬂ'ﬁﬁviobz ﬁp(,r blldﬂ:a,\dubho)x‘:t’ﬂl

LR :

I pra feaarer
oz 4G Friic wowy WA e
mwag;gm%ﬁmmmmwﬁmmm
AT |

@ ¢ CureT] TR Wi WA AUETE il fitme )

U e fouw @ ey “THESE (efisre @rIG T @, BAgEEAl
4 ﬂﬁﬂqﬁmm&mm'maﬁswﬂaamm @, Tl
sl g w96 Tohon CREM 383.98 49 wfire gt G €2 wgfe @
Fepitd WM A R | AR Vil PTG Wl T I S %71

- . - - ; y lﬂ
wrara way wefe @ W) AT A AT ST (S FM LA

== e T I R | s |
['afw FW :g"" (S ] (Abe) I‘ —]
wtd i3 L ] copre——— A7 KT
~ “[iouy |9 e | i
¥ _1'?"‘;—--—0-3B yeht i | 08 ' - —]
a " W)b_. = o oq
DA S e E T | ——— “]
: ; a8 lw o g
h_‘ et '.'_.,—--—5‘;5-— ' o, 28 | e |
" L p— |
- o34 3939 - i) S
Gr? EC P 20 !
2 S LS SO [ T —
S —'—- W2 | » ::’ * = _.l;
X FE) " - t — 7
2 S S p 71
S B Y P S5
Eﬂ I S

I |
85 & io,e} | . ( ,
4"))’, 161

www.erm.com Version: 1.0 Project No.: 0495823 Client: Spectra Solar Park Limited

28 February 2019



ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT OF 35 MW SOLAR POWER PROJECT IN MANIKGANJ DISTRICT OF BANGLADESH

www.erm.com Version: 1.0 Project No.: 0495823 Client: Spectra Solar Park Limited 28 February 2019



ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT OF 35 MW SOLAR POWER PROJECT IN MANIKGANJ DISTRICT OF BANGLADESH

4 BR5 & 03¢ |
= (332 k o, -
“ @9 X 5.8 e
v e |, 5.4
B [y & X e
3 o | o S,
" s " 0.3y . .
= wo 0.5 ELere] |
P M P |
& SR a O
&Y 48 0,.4%% e oS ]
= 2 m obe | ]
& e " |088
" w ” o'?a_ ] - —
" o - |ov | .
i @9 | @3
W Qil " ..0_35_- e .
a Yoo o 0,44 ] %
5 whe T 0.33 et e )
= i oss |
3 v |, 0.32 s
“ 228l . (R0 . s
) »Ney - 0.30 — ]
s 5348 . |o® o X \
L e 0.6 B
% ey x RS
" 3083 i T o | N TV
b ove 030 o
% L T R 1) =
q 420 - 6.6 B
R 458 ‘o @38 e s
we W | W o#8 |
w |30 . fove : -
" W |, i (
P oo b @38 iy
» .. W 5 .04 -
» 2 Wy . o8 | ,
3y s w e ki
w“ [ " 0t |
Wrd = 49,5 it e -
e wE . 6.4 ) t
| | vib | 0.5 g

www.erm.com Version: 1.0 Project No.: 0495823 Client: Spectra Solar Park Limited 28 February 2019



ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT OF 35 MW SOLAR POWER PROJECT IN MANIKGANJ DISTRICT OF BANGLADESH

[y orevezs ot o)
L Lo SR € e B R RS
sou N tHo o 0.0 A
W Lalr ™ aﬁ_l{

o w e | 5
209 o w o 1
you ) ~ 0.9
sot v |0 e o.:: o
Nou W " s BSOS
Y8 Yo wl w8 (o |
Saly §9 89 A _tﬁ\_ e =
0B PR LI o_.l__lrﬂ "
»o L . o.:: R |
»d qi3 - . ?,a S e
PR 951 “ 4 _o._.e_q_ | _
L e " 9.6' ‘ . e
38 b SR Mf.,;_ e 't
e 303 . |e ;_ - P A
N PN - 7 ?OQ ‘ ER ¥ -
04 O I . |
3w el R | -
EX [ [Awe[u. e - e ‘
e ) -Q:W'l " __?.Gb = Ce— ‘
S o n Joso | ] |
%%:. q0% & __o».#_:z__ TR
»o 8oy - “o_.s:‘_" [ ——te== 4
PR o v |?¥ | e
ne eod  fw | o:;. = J |
bR Y S 0. - e
04 ey I ol N

G0 A ofue B
):;; Lo S =) 7.311___- e

W “!_,L___ o..::; e e
W m‘\ b 0.9 —'-' -
bR _,

e
o
yed

o
b4
pL-1

JA- e

www.erm.com Version: 1.0 Project No.: 0495823 Client: Spectra Solar Park Limited

28 February 2019



ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT OF 35 MW SOLAR POWER PROJECT IN MANIKGANJ DISTRICT OF BANGLADESH

I - ]
E—
- —rr . |
B @ee s ! _o.ob =1 = .
) B b = 0.3 -
Lol o |
388 s . =,
3 IS a.0 -
= e - L' 0,09 > -
80 oo o o9 :
:aq ool - 683
YT 333 3 RS
SED W A o | e
WS @ 0.8 o g
& 0 a2t I
Y ¥ L
pY Y QYU » o e
3] XS » R Ug E"“ S Za
‘e " F2 T S
o6 o | ——
yee u2b % CXTN
002 L = 2 RS
) o P
L W e 0.3 E e
| ol R . e W
= o Sy 0.0% e
| 32» L P o A s
::: Jfoo
ey We
) W
you R
e Y
Sl 10
%9 ru
yubr @9
Yun T
%o QHen
[TH o
34 abn
Va8 s
48 Lo
Ya¢ 40
o I8
314 IS
S o4
yan P

www.erm.com Version: 1.0 Project No.: 0495823 Client: Spectra Solar Park Limited

28 February 2019



ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT OF 35 MW SOLAR POWER PROJECT IN MANIKGANJ DISTRICT OF BANGLADESH

-
T 7 WY |a b | S _]
238 " 2wl " 0.0t
2aa 900/ | X8 o.3v -
3% " S e 0,5
239 " Haa - 0,04
3l ” 23 " L N
‘Fib- " G 3 ?.'09__ c— S —
0'00 & Yk N o,o'i__ = e = S
29 = 8o " o.2% . e
293 e W1 |, 175 7| B v e ROt |
2w % S3nH o 0. P =
eoh = L S [ S| M R oy
2ot = pl-LE " @80 SR s
Py a3 b " . I
o4 W b4 " 5 S R, =0
It a Whre o "33 e
tey & e . LN e
¢80 o 1508 3 .Y
@83 " b “ 5, S || SN
a8 S Atr " O-QQ *
@89 P (1] " ©.5) L
284 " tev " N e N
280 2 Yo % 0.0"4 R N mze ]
esL ¥9 m__ ~ v -
1849 P - _Q_?_)s-a wo O.i\? ¥ =
ey | . |use “ 2 5 B S
¢an vyl Wy = 0.3 B
ote a Wwos | .. rax: Y -
13 b3 S < B (SRR S
e rud 38 P4 o.0% 1 o
Q2% » reh . 0.39 —
208 & o . s R G
eee = see ¥4l Goy i
Qs 9y 383 L1y 0.8 | e
204 ) Wo = | 0.bo . -
= | 63,48 S I S
sl 17
eifes wat o) Sifaems | (o=
PR
Srsay g oo
A, slievd |
r\/ . M |
www.erm.com Version: 1.0 Project No.: 0495823 Client: Spectra Solar Park Limited

28 February 2019



ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT OF 35 MW SOLAR POWER PROJECT IN MANIKGANJ DISTRICT OF BANGLADESH

APPENDIX1 DC OFFICE CLEARANCE LETTER FOR LAND FILLING
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Land filling Clearance of 141.740 acre land for construction of proposed 35 MW Solar Park by
Spectra Solar Power Limited at at Boruria Mouja, Shivalaya Upazila

Deputy Collector (Revenue), Manikgan;
Dt: 30/04/2018
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LAND CLASSIFICATION AND LAND RATE

SL.NO MOUZA CHANDINA | BARI NAL DOBA REMARKS
161 SHIVALAYA 26666666 188551.86 129023 25000 @ -

173 DHATURABARI 15000 34473.69 | 7000

178 NALI 70000 39854.15 12075.50 | 8000

179 TRILOCHANPATTY 20000 10344.83 | 4000

180 TEGHARI 15000 8000 6000

181 BORURIA 26280 15680 4000
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SL.NO MOUZA CHANDINA BARI NAL DOBA REMARKS
173 DHATURABARI 46902.65 34743.40 7000
178 NALI 70000 44946.68 20026.14 8000
179 TRILOCHANPATTY 20000 10344.83 4000
180 TEGHARI 23800.89 9868.84 | 6000
181 BORURIA 27687.50 16054.83 4000
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) mif el T

Wi | s

e e T (@ o i

(1" Flowr), Bastipheel O0

Bangladesh Power Develnpment erd P
'MemnNu- 27.11.0000.101.14. 0434 - 2522 N - Dated: 2.9 -08-2017

Consortium of Specira Engineers Limited

House: 17, Road: [06, Block: CEMN{F), Gulshan-2
Dhaka-1212, Bangladesh,

Telephone: +RELZ-BR 161U, Fax: H BRO-I-HR19032
Email; mfoselimspectragraup.com. bd

and

Shunfeng Investment Limited

Portion A, 107F, World Wide House

Mo 1% Des Vocoux Foad Central, Hong Kong
Telephone: 852-23638086

Email: infof@isfeegroup.com

Sub:  Letter of Intent [Llf}['_l for the development of Grui C'onnuted Solar PY Power Plant

Rel: 2700.0000.071.14.049.2017.239 daied: 16/05/2017
Dear Sir

AL REFERENCE

This Letter of Intent, hereinafier relerred to as the “LOI™ is being issued to the addressee, pursuant o
approval received from the Power Division, Ministry of Power, Energy and Mineral Resources
(MPEMR), Bangladesh Secretarial, Dhaka vide memo referred above for the development of the
project identified below (the “Project™) under the special act, 2010 (Revised 20015) for enhancement
of power & energy (e e W Fe e 3% (Rom Ryw) wi@a, aoie(rrifts 2ese)) on the terms
deseribed in this LOL

B. AUTHORIZATION

The Government of People's Republic of Bangladesh represented by the Power Division, Ministry of
Fower, Energy and Mineral Resources, hereinafter referred 1o as the "GOB" accords its approval on
the Levelized Tarift of US § 0.13%0KWh on “No Eleciricity, Mo Payment™ basis (Considering
Discount factor 12%. Plant factor 18.5% and 1 USD = Tk. 80 } to Consortium of Spectra Engineers
Limited and Shunfeng Investment Limited hereinafter referred to as the "Sponsor” and grants its
permission to design, finance, insure, construcl, own, commission, operate and maintain (the
“Project™) a 35 MW Grid Connected Solar PV based power generating facility at Paturia, Shibaloy,
Manikganj, Bangladesh hereinafier refemed 10 as the "Facility®.

The Facility will have a net electric power generating capacity of 35 MW . Net Energy Output from
the Facility will be purchased on “No Electricity, No Payment™ basis under the Power Porchase
Agreement, hereinafter referred to as the “PPA”. The Company formed by the Sponsor shall be
solely responsible for the financing, development and completion of the Project and development of
the necessary related facilities under the following terms & conditions, as measured from the date of
issuance of this LOI and from the Project Effective Date:

1. Plant Capacity 8 35 MW Grid Connected Solar PV Power Plant.

// Page 1 of 4
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[

oo

1.

12.

13.
14.

Project Spuonsor

Progect Sile Location
Consortium
Members &
Sharcholding

Lead Member

Operating, Member

Project Land

Plant Twpe

Plant Condition
Evacuation Voltage
Operating Voltage
Range

Cperating Freguency
Range
Interconnection Ling

Required Commercial
Operation Date
{RCODY)

Contract Period
Project Effective
Drate

/Y

=3

ag [1-] an o

-

Consartium of Spectra Engineers Limited and Shunfeng
Invesiment Limited.
Paturia, Shibaloy, Manikganj, Bangladesh,

Spectra Engineers Limited - 80%
Shonfeng Investment Limited : 20%

Linad should  be  non-agricelberal. The Sponsor shall be
responsible for the arangement of proposed land for the
project.

Solar PV

Brand MNew

I5kV

+10%s to -20%

48 50 Hz 1o 51.5 Hz (confinuous operation)

Before commissioning of Barangail, Manikganj 132/33 kV grid
substation, power generated from Solar Power Plant will be
evacuated through 33 kV double circuit line to bus-bar of
Pamoria 33/11 kV substation (by onc circuit) and tapping
another circuit with existing 33kv line near Gheor 33/11 kV
substation. The Company shall responsible for construction,
operation & maintenance of both cirewit of 33 kV
interconnection line .

The Company shall also construet 33 KV double circuit line
from the Facility upto Barangail, Manikganj 132/33 kV grid
substation (to be constructed by PGCB) prior to commissioning
of Barangail , Mantkganj 132/33 kV grd substation for power
evacuation . The Company shall responsible for operation &
maintenance of the said 33 kV double circuit interconnection
line . The Sponsor shall be responsible for construetion of 2 nos
33 kV GIS bay {including alf equipment) at Barangail 132/33
kV gird substation.

The sponsor is responsible to arrange the land, Rights of Way
(ROW) and required compensation for Rights of Way (ROW)
for above mentioned intercomnection lines, All drawings, design
and specifications related to power ewvacuation shall be
approved by BPDB/PGCE Lid. /REB .

Within 12 months from the date of signing of Project
Agreements,

20t Years
The date on which last of the Project Agreements 15 executed

Page 2 of 4
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L FORMATION OF COMPANY

The Spensor shall form a "Company™ comprising the equity shareholding as mentioned above for
the purpose of this Project, which will be a special purpose vehicle ie. & public/private limited
company incorporated in the Joint Stock Companies, Bangladesh. The Project Apgreements shall be
execuled by that "Company” which will be respensible to design, finance, insure, build, own, operate
and maintain the Project. After the incorporation of the "Company”, the rights and obligations of the
Sponsor hereunder will be assigned (o the "Clompany™.

Iy, FINAMCING OF THE PROJCCT

Consortium of  Spectra Engineers Limited and Shunfeng  Investment Limited shall be responsible
for financing the Project.

E. NO LIABILITY FOR REVIEW

No review, examination. evaluation or approval by BPDB of any document, instrument, drawing,
specifications or design proposed or delivered by the Sponsor or the Company in connection with the
delivering of its Proposal or BPDBE's evaluation thereof or the issuance of this LOI shall relieve the
Sponsor or the Company from any obligation or lability that il would otherwise have had for its
negligence in the preparation of such document, instrument, drawing, specification or design or
failure to comply with applicable laws of Bangladesh or to satisfy the Company's obligations under
this LOI, the Project Apgreements, or the other documents comprising the Security Package (as
defined in the TA) with respect thereto, nor shall BPDEB be liable to the Sponsor or the Company or
any other person by reason of its review, examination, evaluation or approval of any document,
instrument, drawing, specification, or design.

E. PROPOSAL SECURITY

The Sponsor shall be required to submit the Bank Guarantee as Proposal Security at the rate of USD
5,000 00 per MW for 35 MW upon acceptance of LOT.

G. VALIDITY OF THE FROPFOSAL AND THE PROPOSAL SECURITY

The validity of the Proposal and Proposal Security shall have 1o be extended for an additional period
of three (3) Months or more until such time as the Project Agreements are execuled.

H. GOVERNING LAW

This Letter of Intent shall be governed by and construed in accordance with the Laws of Bangladesh.

I ACCEPTANCE OF LETTER OF INTENT (LOI}

You are requested to communicate your acceptance (not acknowledgement) of this LOI within 7
(seven) days from the issuance of this LOL I the Sponsor fails to submit the required amount of
Proposal Security upon acceptance of LOI, BPDB shall have the right to terminate the LOI .

a1 TERMINATION OF LOIL

1. The Company formed by the Spensor will sign the Implementation Agreement (“TA™) and the
Power Purchase Agreement (“FPA™), (collectively, the “Project Agreemenis™) with the GOR
and BPDB respectively on the date to be notified by BPDE, failure to which, BPDR shall
reserves the right to terminate this LOT by written notification to the Sponsor & forfeit the
Proposal Security. The Sponsor will collect the Project Agreements from the Office of the
IPP Cell-3, BPDB, Dhaka upon the acceptance of LOI,

/4{ Page 3 of £
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2. The Sponsor shall submit the Banlk Guaraniee as Proposal Security ai the rate of USD
SOHLON per MW for 35 MW as per BPFDE'S standard format. The validity of the Bank
Guarmslee shall continue tll the Project Effective Date. If the Company fails 1o sign the
Project Agreements within 7 {seven) Days following the notification of BPDB, BPDE shall
have the right to terminate the LOT as well as to forfeit the Proposal Security,

The Company formed by the Sponsor will provide the Performance Security Deposit at (he
rafe of USD TE.00L00 per MW for 33 MW only as per BPDRB's standasd format, Certificate
of Incorporatiom {(along with Memorandin and Articles of Association) fer newly formed
"Company” e Bangludesh o T than twao (2) duys prior 1o the daie of signing of the
Project Agreements, failure o wiich, BPDB shall reserves the right 1o lerminate this LOT by
written notification to the Sponsor,

ak

4. The Sponsor will provide (i) the unconditional acceptance of LOT within seven (7) days (ii)
unconditional Bank Guarantee 25 Proposal Security within fifteen (15) days (11} initialed
Project Agreements within thirty (30) days and (iv) documents of land along with Mouza
map, RS Dag No, and RS Khatian No. (Site description will be part of the PPA) as per
submitted Proposal within thirty {30} days from the issnance of this LOL If the Sponsor fails
_ to fumish (i) the acceptance of LOI and the Proposal Security within stipulated time as
L mentioned above, BPFDR shall reserve the right to terminate this LOL If the Sponsor fails to
furnish (i) initialed Project Agreements and i) docwnents of land along with Mouza map, RS
Dag Mo, RS Khatian Mo, within stipulated time as mentioned above, BPDB shall reserve the

right to terminate this LOT and forfeit the Proposal Security.

5. The Sponsor shall extend the Proposal validity & the Proposal Security validity at least 7
{seven) days prier to the expiration of the Proposal validity and Proposal Security validity,
failure to which, BPDB shall have the right to forfeit the Proposal Security.

6. Upon termination of LOI, neither the Sponsor nor the Company shall have any claim for
compensation or damages against BFDE or any other Governmental agency on any grounds

whatsoever,
By Order
W ,\gjﬁ}*
Md. Mahbubur Rahman a9
a0 Cell-3 BPOB, Dhaka. (Mina Masud Uzzamn)
; %’ h Secretary
' Bangladesh Power Development Board
Metmo No- 27.11.0000.101.14.643- 472522 Dated: 2. -08-2017.
Copy to:
1. Member, Administration/Finance/Generation/Distributi EDVCompany  AlTairs, BPDRB,
Dhaka.

7. Chief Engineer, Generation/ Private Generation (IPP/PPP) P 9

3. Controller of Accounts & Finance, BPDR, Dhaka,

4, Director, PP Cell-3/System Planning! Finance/Contract Consuliant  Administration
/Directorate of Renewable Energy and Research & Development, BRDEB, Dhaka,

5. C8 0 to Chaimman, BFDB, Dhaka.

BPtIB, Dhaka.

6. P 3 to Secretary, Power Division, Ministry of Pgwer, Energy & Mi Resources, Bangladesh
Secretariat, Dhaka,
7. Office copy .
'{Pramh Kumar Ghosh)
Assistant Secretary (Dev.)
Central Secretariat
BFDE, Dhaka,
Fage 4 of 4
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THE STATE ACQUISITION AND TENANCY ACT, 1950

Section 107: Settlement of fair and equitable rents

107. (1) After a table of rent-rates has been prepared and confirmed under this Chapter, the
Revenue-officer shall proceed to settle, according to the provisions of the preceding sections, the fair
and equitable rents of all tenants in the area to which the table of rent-rates applies and to prepare the
settlement rent-roll as directed under clause (b) of sub-section (1) of section 99.

(2) For the purpose of settling such fair and equitable rents and preparing the settlement rent-roll, the
Revenue-officer shall be guided by the rent-rates entered in the table of rent-rates so prepared and
confirmed:

Provided that a Revenue-officer shall not be bound to apply the said rates to any particular case or
area if he considers, for reasons to be recorded in writing, that the application of such rates to such
case or area would be unfair or inequitable.

(3) Where any non-agricultural land is comprised in a tenancy which includes land other than non-
agricultural land, or when the classification of land has partly changed from agricultural to non-
agricultural, the Revenue-officer shall,-

(i) divide the tenancy so as to constitute separate tenancies for the non-agricultural land and the
agricultural land,

(i) apportion the existing rent between the tenancies so constituted,

(iii) estimate fair and equitable rents for the agricultural and non-agricultural land in accordance
with the provisions of this Chapter, and

(iv) make such consequential changes in the record-of-rights as may be necessary.

Section 108: Preliminary publication and amendment of settlement rent-roll

108. (1) When a settlement rent-roll has been prepared, the Revenue-officer shall cause a draft of it to
be published in the prescribed manner and for the prescribed period and shall receive and consider
any objection made to an entry therein or omission therefrom during the period of publication and
shall dispose of such objections according to such rules as the Government may make.

(2) The Revenue-officer may, of his own motion or on application of any party aggrieved, at any time
before a settlement rent-roll is submitted to the confirming authority under section 109, revise any rent
entered therein:

Provided that no such entries shall be revised until reasonable notice has been given to the tenant
concerned to appear and be heard in the matter.
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APPENDIX N GRIEVANCE REDRESS MECHANISM/ GUIDELINE OF SSPL
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Grievance Redress Mechanism/Guideline|

Objective of this document

To provide a basic guideline to people/ any affected person (both internal & external) to

be able to lodge/share any complain in connection to the site, work environment,
surroundings etc.

Basic flowchart
| Input received Filed the | Ases
! False No z Criticality of
(internal / ) complaint :
complain : [ the issue
external 5 with a ref | (High, Mid
stakeholder) ¥ number En, g
i e R A g ] TR Low)
_Yes | :
! Drop/freject !
Action taken in time: ' Sy Relay to concern
High: 1 day; Yes F'can _ supervisor of relevant
Med: 3 days; i department (marking
Low: 7 days ' HIGH,/MED/LOW)
. _ No |
Delayed Yes Escalateto
? FM/above
No & < e
sf Action taken || Notification |—»  Licket
Soliheteiadean. i O [ closed
Key points:

= Complain may be received over phone/email/letter/verbally at the complain
desk. Full identity needs to be disclosed while placing the complain. For critical
sophisticated issues, it can be addressed to company HR.

s Grievance Redress form is to be maintained/follow.

SSPL-OM/POLICY — D053 Revision no: 00
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= Site complain desk should be visible to people. At office for internal stakeholders
separate book should be maintained.

= People awareness should be created on this methodology.

= Equality should be displayed during process irrespective of religion, cast, origin,
gender, job grade, sub-contract workers.

= (Category of Grievances

o Criticality LOW: Minor, straightforward issues may only need screening
before proceeding to the next step (resolution options and response).
Review of minor issues, especially those related to a complainant’s request
for information, can generally be handled easily by providing information
on the spot, or referring the person to the designated representative from
the project team.

o Criticality MID: Less clear, more problematic, or repetitive issues, or group
complaints may need a more detailed review prior to action. Staff involved
in handling grievances may need to seek advice internally, and in some
cases turn to outside parties to help in the validation process, especially in
cases of damage claims.

o Criticality HIGH: Complex issues with multiple parties may need
investigation can be organized internally, or the company may designate
third-party experts to investigate when impartiality is important or when
complex technical matters are involved. If an extensive investigation is
found to be necessary, it shall be initiated swiftly before circumstances
change or the conflict escalates further.

SSPL-OM/POUCY — 0053 Revision no: 00
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1. INTRODUCTION

ERM India Private Limited (hereafter referred to as ‘ERM’) has been commissioned by Spectra Solar
(hereafter referred to as “Spectra” or the “Client”) to undertake a Rapid Environmental and Social Risk
Assessment (hereafter referred to as the “assignment”) for a proposed Greenfield 35 MW PV Solar
Plant in Manikganj District, Bangladesh (hereafter referred to as the “Project”). As part of the
assignment, ERM undertook a rapid E&S site assessment and a flood likelihood assessment in the
month of February 2019. This report presents the findings of the flood likelihood assessment process.
This document presents the risks identified, against the applicable reference framework and the
proposed way forward.

1.1 Scope of Work

The assessment methodology was designed to evaluate the potential of flooding caused due to the
Site’s development in the surrounding areas and covers the following elements;

m  Avisit of the property, including a visual survey of the drainage pattern in and around that area as
identified from the maps;

m  Collection of relevant information for the subject Site and surrounding area. This included site
area maps and identification of land-use.

m  Discussions with the local population to understand the historical flood levels in this area;

m  Collection of historical rainfall data (Daily rainfall data, from the Meteorological Department) and
available information on the existing natural drainage system in the area;

m  Areview of readily available records and documents on hydrology of the area, to assist in
determining surface water drainage patterns for the subject property and adjacent areas;

m  Recommendations for undertaking further assessments in case of potential flood risks for the
Site.

ERM's findings are based on professional judgement and application of engineering principles, and
are provided to Spectra to render informed decisions to be made for the development and activities in
the Site.

1.2 Limitations

1.2.1 Scope of Activity

The report is based upon the application of engineering principles and professional judgement to
certain facts with resultant subjective interpretations. Professional judgements expressed herein are
based on the currently available facts within the limits of the existing data, scope of work, budget and
schedule. We make no warranties, express or implied, including, without limitation, warranties as to
merchantability or fithness for a particular purpose. In addition, the information provided to the Client in
this report is not to be construed as legal advice.

1.2.2 Limitations of Use of This Report

ERM is not engaged in such studies and reporting for the purposes of advertising, sales promotion, or
endorsement of any Client's interests, including raising investment capital, recommending investment
decisions, or other publicity purposes. Client acknowledges that this report has been prepared for the
exclusive use of the Client and agrees that ERM’s reports or correspondence will not be used or
reproduced in full or in part for such purposes, and may not be used or relied upon in any prospectus
or offering circular. Client also agrees that none of its advertising, sales promotion, or other publicity
matter containing information obtained from this assessment and report will mention or imply the
name of ERM.
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Nothing contained in this report shall be construed as a warranty or affirmation by ERM that Site and
property described in the report are suitable collateral for any loan or that acquisition of such property
by any lender through foreclosure proceedings or otherwise will not expose the lender to potential
liability.

1.3 Structure of Report

The remainder of the report is structured as follows:

Section 2: Hydrological and Geomorphological Data;

Section 3: Hydro-meteorological Data;

Section 4: Secondary Data: Flood, Waterlogging, and Inundation;
Section 5: Likelihood of a Flooding Event; and

Section 6: Conclusions and Recommendations.

Figure 1.1 shows the detailed structure of the report.

Figure 1.1 Detailed Structure of the Report
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2. HYDROLOGICAL AND GEOMORPHOLOGICAL DATA

The proposed Site (89°49'30.87"E, 23°46'48.20"N), spread over an area admeasuring ~ 140 acres
(54 hectares), is located in Dorikandi village, Shibalay upazilla, in Manikganj district of the Dhaka
division in Bangladesh. The Site is located ~88 km west of Dhaka and 31 km southwest of Manikganj
(nearest town) on the left bank of Padma River. The subject property can be accessed via the Dhaka-
Paturia highway. The Site location map is presented in Figure 2.1.

Figure 2.1 Site Location Map
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2.1 Study area and Site Setting

The study area (5 km around the Site) was identified to have mixed land use primarily in form of
agricultural and water bodies, followed by vegetated land parcels. The core zone (2 km radius)
around the Site is largely occupied by river channel of the Padma River. Padma River located at ~50
m southwest from the Site and a distributary of Brahmaputra River (aka Jamuna River) named
Ichamati River (aka Ichamoti) flows through the study area in the north to south-eastern vector ~270
m east of Site. Surface runoff from the Site and surrounding areas is likely to drain into the Ichamati
River. Ichamati River merges with Padma River approximately 11 km southeast and downstream from
the Site. Table 2.1 presents the listing of properties adjacent to the Solar Park.

Table 2.1  Surrounding land features of the Site

Direction w.r.t. Site | Feature

North Cultivated agricultural land and vegetated land with sparse settlements beyond which
to the north is the Ichamati River (~900 m).

East Cultivated agricultural land and vegetated land with sparse settlements. An access
road that connects the Site with Dhaka-Paturia highway is located ~120 m east of the
Site. Further east is the Ichamati River (~270 m) beyond which are largely agricultural
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Direction w.r.t. Site | Feature

land parcels with sparse settlements. Aricha Ghat (Paturia Ferry Terminal) which is
among the busiest ferry ports in Bangladesh is located ~1.4 km northwest from Site.

West Located immediately west is the Padma River at ~50 m which stretches over 3.25 km
wide. Padma River passes along the entire western and south-western boundary of
the Site.

South Cultivated agricultural land followed by Padma River (~150 m).

Based on review of satellite imagery and consultations with local agencies, major flood control
structures such as barrages, dams, reservoirs were not reported/observed within the study area and
upstream of the Site up to 50 km. Refer to Figure 2.2 for map showing the various features in the Site
surrounding.

Figure 2.2 Site Setting and Nearby Features

Legend

B &- 2l Cors

o 5 km Study Area
&e AccessRoad

® Aricha Port

& reatre |

&» River

® Site

(7 Site Boundary

—

- A

(e \
—*Shivalaya
¢ \

ArichasPort
PadmalRiven a

o\
Site

[Paxima RIVEr

2.2 Site Description

The Site is located in a rural setting surrounded primarily by agricultural land on the north, east and
south-eastern sides and by Padma River along the west and south-western side. Based on review of
satellite imagery, Site and surrounding area was historically low lying areas used for agricultural
purpose. At the time of field visit, backfilling was completed for the entire Site area. Areas immediately
adjoining the Site along northwest, north, northeast, east, and southeast were used for cultivating
three (3) crops (largely rice, mustard, non-seasonal rice).

According to the Site representative of Spectra Solar, all of 140 acres have been acquired and
confirmed for development at the Site. Backfilling had been completed across the entire Site clearly
demarcating the Site boundary. Retention wall was under construction along the Site boundary on the
west (facing the river), northwest, and north at the time of field visit as depicted in Figure 2.3. As per
the Client, retention wall will be constructed along the periphery of the entire Site. Coordinates of the
Site boundary was provided by the Site representative which is presented in Figure 2.3.
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Figure 2.3 Site Map

|2 km Buffecershgiiy

Legend

&» AccessRoad

& Retention wall under construction
® Site

(/) Site Boundary

& Stream, River

@ \Water Bodies

800 m

Site is located on a land parcel bound on one side by Padma River (at ~50 m west / southwest) and
by Ichamati River on the other (at ~270 m east).

At a broad scale, the study area is drained by Padma River flowing in northwest to southeast
direction. East-central portion of the Site was naturally the lowest level in the area at ~0 — 2 m amsl
(above mean sea level) and hence was historically a sink prone to waterlogging for several months (3
to 6 months) of the year. This was confirmed based on review of satellite imagery and corroborated
through community consultations. Surplus water from Site and immediate surroundings is drained by
Ichamati River through a natural drainage channel located east of the Site as shown in Figure 2.3.

However, at the time of field visit, Site was backfilled with sand sourced from the river bed and
neighbouring land parcels. As per information shared by Site personnel, Site level has been raised up
to an elevation of 9.406 m, which is with reference to the Danger Level (DL) of Padma River.
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Figure 2.4 Field Images showing Key Features near the Site
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Figure 2.5 Field Images showing Key Features
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2.3 Topography and Drainage of the Watershed/Catchment

Based on the Digital Elevation Model developed for the Site from USGS ASTER GDEM data set,
LANDSAT and Google Earth Imagery available and the Site visits undertaken, ERM identified key
topographic features in the study area such as topographic highs and lows, natural drainage network
and delineated the catchment area of the micro-watershed in which the Site is located. An ASTER
GDEM having a 30 m resolution was used for detailed mapping of the micro watershed in which the
Site is located.

The micro-watershed within which the Site is located was delineated based on the topography and
drainage pattern. The micro-watershed area admeasures ~7.6 km?2, predominantly occupied by
Padma River as presented in Figure 2.6. The Site is located close to the edge of the catchment!’,
almost along the river bank. The natural drainage of the micro-watershed is from north to south and
southeast, while within the Site area is from west to northeast direction. The ground slope leads the
drainage from the Site area to natural drainage channel, low lying areas located in east of the Site
and ultimately to the Padma River in the downstream. Though, the Padma river is located adjacent
the Site (southwest to the Site), the gradient is towards northeast of the Site due to presence of levee.

' Catchment is a topographically defined area, draining surface water to a single outlet point. It may frequently include an area
of tributary streams and flow paths as well as the main stream.
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Figure 2.6 Catchment Area of Micro-watershed within which the Site is
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The digital elevation model (DEM) of the area is presented in Figure 2.7. The ground elevation was
observed to vary from 12 — 16 m in isolated patches within the study area, followed by areas with
elevation ranging between 08 — 12m and 4 — 8 m amsl. Continuous gradient was not observed in the
study area. Most of the Site area falls in the 4 — 10 m amsl elevation. East-southeast portion of the
Site being the lowest point varying between sub-zero — 4 m amsl.
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Figure 2.7 Digital Elevation Model (DEM) of Study Area
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2.3.1 Slope Map

As per the slope map, the study area is largely flat to very gently sloping (0 — 5% slope) with scattered
pockets of gentle slopes. The Site and its immediate surroundings were observed to have near level
to very gentle slopes with slopes varying between 0 — 5%, while banks of the river adjacent to the Site
was observed to be under gentle slope (5 — 9%). Based on the topography and slope maps, the Site
area appears to have pockets of ‘low lying areas’ with potential for water logging and flooding during
rainy season which may be attributed to near level slopes. The average slope of the catchment was
evaluated to be ~4.6 m/km, while the general slope of the catchment was observed to be from north
to south, and west to east at Site level. Low elevation areas such as flat and very gentle slopes are
indicative of low lying areas which are prone to flooding and water logging due to gradual evacuation
of run-off water during a storm event. The Slope map is presented in Figure 2.8.
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Figure 2.8 Slope Map of the Site Area and the Catchment
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Abrupt slope changes were not observed at the Site and nearby areas.

24 Surface Water Bodies and Natural Drainage Channels within the
Catchment

Key surface water bodies and natural drainage channels within the region include Padma River,

Jamuna River, Dhaleshwari River, Kaliganga River, and Ichamati River. Padma River and Jamuna
River merge near Aricha Port. The Site is located on the left bank of the Padma River ~5 km

downstream from the confluence point. Dhaleshwari and Kaliganga Rivers are distributaries of
Jamuna River which are located > 20 km NE from the Site. Ichamati River is a distributary of Jamuna
River which passes through the study area.

2.4.1 Padma River

The Padma is the second longest river of Bangladesh (Hossain et al., 2005). It is the main distributary
of the Ganga, which originates in the Gangotri glacier of the Himalayan. The part of the Ganga in
Bangladesh is known as the Padma which enters Bangladesh from India (Murshidabad district) at
Shibganj Upazila (Manakosha and Durlavpur unions) of Chapai Nawabganj district. Its length in
Bangladesh is 366 kilometers (Hossain et al., 2005%). The Padma is joined by the mighty Jamuna
(Lower Brahmaputra) and the resulting combination flows with the name Padma further east, to
Chandpur. At this point, the widest river in Bangladesh, the Meghna, merges with the Padma,
continuing as the Meghna to the south, before finally discharging in the Bay of Bengal.

Padma River channel extends over 3.25 km wide area near the Site and has clearly defined banks on
both sides of the river. Submergence area of the river channel varies depending on the season.

2 Hossain MA and Haque MA (2005). Fish species composition in the River Padma near Rajshahi. Journal of Life Earth

Science 1(1):35-42
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Based on satellite imagery, the river is observed to show considerable erosion and siltation which in
turn alter the water course within the river channel on a frequent basis. Owing to combined flow from
both Padma and Jamuna rivers, Padma experiences frequent flooding and is known to have caused
some of the most prominent floods in Bangladesh in the past, both in terms of scale and magnitude.

Figure 2.9 Field Images of Padma River

Padma River as viewed from gouthern boundary River gadge located near Paturia Ferry
of Site Terminal

The Site is located on the left bank of Padma River, south to the Paturia Ferry terminal (approximately
one km). Being located at the bank of the river and morphologically at riverine lands are prone to
erosion/accretion, which alter the flow direction and intensity of the storm water. Based on the
research articles, Padma River banks are prone to large scale erosion. However, the patch of the
bank, where the Site is located is less prone compared to other areas of the bank (Figure 2.10).

Figure 2.10 Historical Bank Positions of Padma River
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Source: Amreen et. al., 20123

2.4.2 Ichamati River

Ichamati River at Manikanj is a distributary of The Brahmaputra River (aka Jamuna), which originates
~ 14 km north and upstream from the Site and discharges into river Padma, ~10.5 km southeast and
downstream from the Site. It meanders through a total length of ~21 km before merging with Padma
River. The River is perennial in nature with an average water level of ~5.5 m during monsoon and ~1
m during pre-monsoon period. Ichamati River is located ~270 m east of the Site at the nearest point.
Surplus surface runoff from the Site and surrounding area drain into this river. High water level in
Ichamati is likely to cause backflow, inundation and waterlogging near Site and surround area.

Figure 2.11 Field Images of Ichamati River
IRURR Y , | e o

et m—

lcharrati River showing make-ghiftbamboo lzhamati River showing erosion caused curing
brdge crossing high water level

2.5 Geomorphology

Geomorphic features integrated with geology and lithology controls the occurrence, movement and
quality of groundwater and surface water. Geomorphological map for Bangladesh was available from
secondary source for review (Figure 2.12). The flood plains of the Ganges, the Atrai, the
Brahmaputra-Jamuna, the Old Brahmaputra, and the Meghna rivers cover approximately 40% of
Bangladesh’s landform. The Ganges flood plain extends from the western border of the country, south
of the Barind Tract, as far East where it merges with the Jamuna flood plain. Landform of the flood
plain is characterized by natural levees distributed in a mottled pattern which forms shallow
depressions and small ridges. The elevation of the major part of the flood plain ranges from 3 to 5
meters above the mean sea-level and covers the central, north and north-eastern part of the country.
The present study area falls under Brahmaputra Jamuna Flood Plain. The Brahmapura-Jamuna flood
plain is located between the Barind and Madhupur Tracts, elevation of this surface is 29 m in the
north and about 6 m in the south, the study area is located at lower reaches of this flood plains.

This kind of geomorphological setup is likely to be conducive for drainage and infiltration and may
scale-down peak run-off and discharge (and therefore flood likelihood) of storm water during high
intensity rainfall events in the natural levee areas. However, floodplain areas may be prone to water
logging and localized inundation owing to slowly permeable silty clay.

3 Amreen Shajahan, Yousuf Reja (2012). Riverbank Erosion and Sustainable Planning Guidelines for Bangladesh with
Emphasis on Padma River. Journal of Habitat Engineering and Design. ISSN 2186-6503. Vol 4, Number 2, 145-156.
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Figure 2.12 Geomorphology of the Catchment
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Source: Centre for Water and Environment*

4 Zahid, Anwar & Hydro, Environmental &, Geologist. (2015). THE EFFICIENCY OF EXISTING WATSAN TECHNOLOGIES IN
SELECTED HARD-TO-REACH AREAS OF BANGLADESH.

https://www.researchgate.net/publication/320593295 THE EFFICIENCY OF EXISTING WATSAN TECHNOLOGIES IN SE
LECTED HARD-TO-REACH AREAS OF BANGLADESH
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3. HYDRO-METEOROLOGY

The climate of Bangladesh in general is characterized as subtropical monsoon climate, with wide
seasonal variation in rainfall, and moderately warm temperature and high humidity. Four (4) distinct
seasons are observed in Bangladesh viz. Pre-Monsoon (MAM), Monsoon (JJAS), Post-Monsoon
(ON), and Winter (DJF).

3.1 Rainfall

South-West monsoon is considered to be the most predominant and important climatic feature in
Bangladesh and more than 71% of the annual rainfall is received during monsoon season. Hence,
variations in monsoon (may be in terms of onset, intensity, or quantity) has major impact on water
resources, agriculture and economy of the country.

The long term data for annual rainfall® indicates that the average annual rainfall in Bangladesh during
1901-2015 was 2,429mm. The lowest annual rainfall of 1,687mm was received in year 1972 and
maximum rainfall was received in year 3,152mm in year 1922. Maximum one day rainfall of 590mm
was recorded in year 2001 at Sandwip weather station.

The nearest weather station from Site location is at Faridpur (~19km SSE). The secondary data
sources for rainfall at Faridpur6 indicated that the average annual rainfall for period of 1970-2016 was
1,827mm. The highest annual rainfall of 2,599mm was recorded in year 1981, whereas the lowest
annual rainfall of 1,130mm was received in year 1978 (refer to Figure 3.1). The highest 24 hour
rainfall recorded at Faridpur was 370mm in 1986, The data available for 1981-2010 indicated that on
an average there are 114 rainy days, including 63 days of light rain, 24 days of moderate rain, and 12
days of heavy to very heavy rains.

Figure 3.1 Rainfall at Faridpur Weather Station (1970-2016)
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Source: https://www.kaggle.com/redikod/historical-rainfall-data-in-bangladesh

5 http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_climate& ThisCCode=BGD
6 https://www.kaggle.com/redikod/historical-rainfall-data-in-bangladesh
7 MET Report Climate of Bangladesh 2016, Mossammmat Ayesha Khatun et al.
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Table 3.1 provides the values for probable maximum daily rainfall with a return period of 2, 5, 10, 25,
50 and 100 years at Faridpur®.

Table 3.1  Probable Daily Rainfall at Faridpur

Return Period (year) Probable Daily Rainfall (mm)
Gumbel LP-II LN
2 130 118 120
5 197 176 178
10 241 229 226
25 297 316 299
50 339 399 363
100 380 501 434
Source: Floods in Bangladesh: History dynamics and rethinking the role of the Himalayas
(https://collections.unu.edu/eserv/UNU:2 789280811216.

3.2 Flood in Manikanj District

According to the Department of Disaster Management (Ministry of Disaster Management and Relief),
flooding is the most common single hazard and phenomenon in Bangladesh. Floods are an annual
phenomena, with the most severe ones occurring during the months of July and August. Four (4)
types of flood experienced in Bangladesh 1) Flash flood; 2) River flood; 3) Rain-fed flood; and 4)
Coastal flood. Flood Affected Area map for the north eastern Bangladesh is presented in Figure 3.2.

Figure 3.2 Flood Affected Area of Dhaka Division
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FLOOO APFPOTED AREA

Source: Department of Disaster Management (DDM, Bangladesh)

Based on a ‘Flood Affected Area’ map of Bangladesh prepared by the Department of Disaster
Management (DDM), study area is observed to be located in an area identified to be at risk of
“River/Monsoon Flood Area”. River flood is a common phenomenon in the region caused by bank
overflow. Approximately 80% of the total river flow occurs in the 5 months of monsoon from June to
October (Flood Response Preparedness Plan of Bangladesh, June 2014).
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4. FLOODING, WATER LOGGING, AND INUNDATION

In order to understand the flood likelihood in the study area and its potential impact on operations at
the Site, ERM has considered the following potential areas of concern:

m  Flooding from Padma River

m  Waterlogging, and inundation at Site and surrounding area

m  Flooding from Ichamati River

m  Riverbank erosion and sedimentation

In order to evaluate the areas of concern, ERM has reviewed flood likelihood from following
perspective:

1. Historical Flood Events

Based on Graphical Models from Secondary Sources
Based on Padma River Water Level

Historical Satellite Imagery

Community Consultations

I T

Field Observations

4.2 Historical Flood Events

During monsoons, the Jamuna and Padma rivers attain their peak discharges which consequently
lead to higher flooding as well as drainage congestion during the period.

As per Annual Flood Report 2017 prepared by Bangladesh Water Development Board (BWDB), there
have been 58 instances of flooding across Padma and Jamuna basin since the year 1954. Among
these, floods during 1988, 1998, 2004, 2007, and 2017 were considered major events with extensive
impact and widespread land submergence. Details of floods in Padma and Jamuna basins are
presented in Table 4.1.

Table 4.1 Details of Major Floods in Padma and Jamuna Basins

Year Basin Flood Duration
(Days)
1998 Padma and Jamuna 65
2003 Padma 39
2004 Padma and Jamuna 55
2007 Padma and Jamuna 21
2017 Padma and Jamuna 29
1998 Padma and Jamuna 65

Source: Flood and Riverbank Erosion Risk Management Investment Program, 2014, and Annual Flood Report
2017, prepared by BWDB

4.3 Flood Review based on Graphical Models

ERM reviewed publicly available flood hazard maps and flood affected area maps of Manikganj area
to understand the hazard level attributed by concerned governing agencies to the area. Flood hazard
map indicating study area is presented in Figure 4.1.
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As observed from Figure 4.1, study area is categorized largely as “Moderate” river flooding risk with
areas along the left river bank at “Severe” river flooding hazard. Further, most of the Site falls in the
moderate river flooding hazard, whereas south-eastern portion of the Site is likely to be exposed
severe river flooding hazard.

Figure 4.1 Flood Hazard Map of Study Area
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[EQMS Consulting Limited

The International Centre for Integrated Mountain Development (ICIMOD) has prepared flood
inundation maps in view of the floods and landslides that monsoon of 2017 had triggered in
Bangladesh. According to ICIMOD, flood and inundation maps have been prepared using Advanced
Land Observing Satellite 2 and Sentinel-1 satellite images made available by the Japan Aerospace
Exploration Agency (JAXA) and the European Space Agency (ESA).
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Figure 4.2 Flood and Inundation Map of 2017 (July)

201 R

Source: The International Centre for Integrated Mountain Development (ICIMOD)
http://geoapps.icimod.org/BDFlood2017/

Based on flood map of July 2017 presented in Figure 4.2, northern portion of the Site was observed
to be inundated. However, Site was not observed to have been affected by flood water from the river
in July 2017.

Source: The International Centre for Integrated Mountain Development (ICIMOD)
http://geoapps.icimod.org/BDFlood2017/

Based on flood map of August 2017 presented in Figure 4.3, southern portion of the Site was
observed to be submerged by flood water from the river as a result of river bank overtopping.

4.4 Flood Review based on River Water Level

According to secondary sources, probability of flood in a year for the Padma River is about 60% with
an average duration of floods extending up to 23 days. According to Bangladesh Water Development
Board (BWDB), occurrence of flood is indicated when the water level of river exceeds its “danger
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level” which has already been defined and established for every monitoring station. As per BWDB,
occurrence of flood has not been defined in relation to the safe carrying capacity of the river channel.
Therefore, although data pertaining to both discharge and water levels of the concerned rivers were
collected, information presented in this section is focused on river water level only. Nearest river water
level monitoring stations from the Site and their respective danger levels are presented in Table 4.2.

Table 4.2  Water Level Monitoring Stations near the Site

Station Name Approximate Distance from Site Danger Level as per BWDB
(in km) (in m PWD*)

Aricha (Padma | ~1.5 (upstream) 9.4

River)

Faridpur ~ 7 (downstream) 9.59

(Padma River)

Goalondo ~3.4 (opposite river bank) 8.65
(Padma River)

*PWD: Public Works Department (denotes survey datum)
Source: Flood Forecasting and Warning Centre (FFWC) and BWDB

Figure 4.4 Approximate Location of nearest River Water Level Gauging
Stations

Legend
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Note: Locations of gauging stations are indicative only based on the name of village/town where the gauges are
supposedly installed. Only Aricha gauging point was physically visited by ERM. Exact location of the other
gauges was not available.

Maximum water levels at all three nearest monitoring stations were collected to understand the
relative variations between the recorded levels at individual stations as presented in Table 4.3.
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Table 4.3  Water Levels at Nearest Gauging Stations

Year Maximum Water Level (m-pwd)
Aricha Goalondo Faridpur

2011 9.6 8.86 5.45
2012 9.84 9.17 4.58
2013 9.7 8.97 4.89
2014 9.58 8.92 4.89
2015 9.45 9.09 5.15
2016 9.97 9.66 4.75
2017 10.16 9.71 5.22
Max 10.16 9.71 5.45
Average 9.76 9.20 4.99

Source: Annual Flood Reports 2011 to 2017, prepared by BWDB

Considering the large width of the river, varying flow conditions in the river and flooding pattern along
right and left bank, and since the Site is located on the left bank of the river, Aricha station has been
considered as nearest reference station for review of water level. River water level and discharge data
was collected from Bangladesh Water Development Board for Aricha station. Yearly highest water
level data between the years 1968 and 2018 are presented in Figure 4.5.

As per Site representatives, final surface level at the Site (R.L.) after completion of backfilling and
compaction is 9.406 m, PWD. This has been considered based on the danger level of the Padma
River at Aricha station. Site has planned and designed peripheral retention wall (for soil erosion
prevention) to be up to surface level of the Site. Design of the retention wall/boundary wall was
available for review. Since Site level has been planned relative to the danger level of the river, water
level data of the river was analysed to assess the adequacy of backfilling and need for flood
prevention measures (if any).

As observed from Figure 4.6, danger level of Padma River (9.4 m, PWD) has been surpassed almost
on alternate years since 1968. Furthermore, frequency of such exceedances has increased over the
past 20 years (since 1998) to every year. Since year 2000, six (6) years recorded levels higher than
10 m, PWD with an average maximum water level of 9.76 m over the past 7 years. Highest water
level recorded at Aricha station was 10.76 m, PWD in the year 1998. Although this level was
considered a 100-year return period event, river water level reached 10.67 m, PWD in the year 2007.

Based on review of historical water levels of Padma River, likelihood of flooding in the study area and
at Site due to swelling of Padma River may be considered as “High”.

www.erm.com Version: 1.0 Project No.: 0495823 Client: Spectra Solar Park Limited 24 February 2019 Page 20



ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT OF 35 MW FLOODING, WATER LOGGING, AND INUNDATION
SOLAR POWER PROJECT IN MANIKGANJ DISTRICT OF

BANGLADESH

Flood Likelihood Assessment

Figure 4.5 Yearly Highest Water Level at Aricha (1968 - 2018)
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Red bars in the chart indicate years which had recorded water level higher than danger level. Dotted green box in
the chart indicates period over which river water level has exceeded danger level at higher frequency relative to
long-term data

Source: BWDB

4.5 Analysis of Historical Satellite Imagery

ERM analysed the historical satellite imagery of the Site and its surrounding area to identify any
events of flooding or inundations. Historical satellite images of the Site and surrounding area is
presented in Figure 4.6 and Figure 4.7.

anure 4 6 Hlstorlcal Satellnte Imagery Pre-monsoon

Slide B

r“osgk_‘r arth

Slide A: Dated March 2007 Pre-monsoon water Ievel exposing sediment accretion along the left bank of Padma
River near the Site; Slide B: Dated May 2013. Pre-monsoon water level exposing sediment accretion along the
right bank of Padma River. Sediment mound along the left bank is likely to have been eroded over time resulting
in slight change in river course. Indicative of high level of erosion and sedimentation in the river channel.
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Figure 4.7 Historical Satellite Imagery — Monsoon
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Slide C: Dated June 2016. Pre-monsoon water level exposing sediment accretion along the left bank of Padma
River near the Site; Slide D: Dated October 2016. Monsoon water level showing flooding on the left bank due to
swelling of Padma River. Significant portion of the Site along the southwest was submerged in flood water.
Flooding in Ichamati River may be observed along with flooding of large expanses of land downstream from the
Site.

Only limited historical satellite imagery was available for the study area for review. Based on review of
available satellite images, waterlogging and inundation at the Site was not observed. However,
images from monsoon period were not available to review extent of waterlogging and inundation at
the Site.

Based on review of historical satellite imagery of study area, likelihood of flooding in the study area
and at Site due to swelling of Padma River may be considered as “High”.

4.6 Flooding, Inundation, and Waterlogging based on Community
Consultation

During field visit, ERM team along with Site representative engaged with land owners/caretakers,
residents and farmers in the neighbouring areas surrounding the Site to understand flood, inundation
and waterlogging scenario in the area based on their personal experiences with such instances. Total
of seven (7) consultations were completed to cover all areas surrounding the Site as depicted in
Figure 4.8. Information shared by the communities are presented in Table 4.4.

Figure 4.8 Community Consultations during Field Recon
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Table 4.4

FLOODING, WATER LOGGING, AND INUNDATION

Information Collected during Community Consultation

Profile of Community Member

C1: Resident of Manikanj. Borewell
contractor. 30+ years of drilling
experience near the Site. 2™
member: Resident since 3
generations

C2: Retired ferry operator. Resident
of Noyakandi for 60+ years.

C3: Caretaker of land since 2007
and resident of Tilochandputti village
since 40+ years.

C4: Land owner, farmer, and
resident of Baroria village.

C4: Land owner, farmer, and
resident of Baroria village.

C5: Resident of Tilochandputti village
since 4 generations. Lost land during
riots. Accommodation provided by
Prime Minister’s Office.

Reported flooding from the river in the past. Highest water level experienced
was ~1.5 min 1998.

Sediment carried from flood water is deposited in the area.

Prior to November 2018, area including the Site used to get flooded every
alternate year. Lakshmipura village located east of the Site ~700m was
reported to be inundated.

Area including the Site reported to be impacted in 1988, 1998, 2004, 2007
and several years after that.

Only during major flooding event, water from river overflowed onto the land for
brief period up to a depth of 2 — 3 inches.
Drainage in this area is good.

Highest flood water level in the area was ~3.65 m in 1988, ~2.88 m in 1998,
and ~1 min 2004.
Duration of flood: 20 days in 2007

Highest flood water level in the area was ~3.65 m in 1988, ~2.88 m in 1998,
and ~1 min 2004.
Duration of flood: 20 days in 2007

Flooding in 1988: ~6.7 m deep
Flooding in 1998: ~4.8 m deep
Flooding in 20016: ~3.6 m deep

Water logging reported on an annual basis
for 3 to 4 months.
Flood duration: 3 days

Houses in settlements were inundated for 15
days

Site and surrounding area reported to remain
waterlogged for 5 to 6 months every year.
Depth of inundation: 6 inches to 0.3 m

Area waterlogged for 3 to 4 months in a year.
Inundation caused by rainfall up to 0.6m in
2018.

Duration of inundation/waterlogging: 15 days
Runoff from this land used to drain through
the Site area.

This area is likely to be impacted in future
from extended periods of waterlogging due
to poor drainage post development at Site.

Area waterlogged for 3 to 4 months in a year.
Inundation caused by rainfall up to 0.6m in
2018.

Duration of inundation/waterlogging: 15 days
Runoff from this land used to drain through
the Site area.

This area is likely to be impacted in future
from extended periods of waterlogging due
to poor drainage post development at Site.

Area around the village inundated and
waterlogged every year.

Proclaimed as the lowest area around the
Site.
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Profile of Community Member

C6: Resident of Dorikandi village. m Paturia-Harirampur road (access road to the Site) was completely suomerged = m Inundation and waterlogging not reported.
during 1988 flood.
m Canal downstream of Site had overflowed flooding settlements up to 0.6 m

Lost his land and homestead in
Noyakandi to flood and sand erosion

deep.

and moved to Dorikandi.

C7: Resident of Dorikandi. m Flooding in Padma River and Ichamati River are largely synchronous. High
water level in Ichamati River causes backflow in the canal that drains Site
area.
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4.7 Field Observations

During field visit, flooding, inundation, and waterlogging related concerns at the Site and surrounding
areas was not evident. However, ERM observed prominent indicators of river bank erosion along the
south western boundary of the Site as presented in Figure 4.9.

As may be observed from Figure 4.9, changing water level in the river channel during various high
flow conditions has left distinctive layers of eroded surface. It is important to note that the highest
water level as observed from erosion was almost up to the Site level. Since information related to the
flooding event that caused erosion at Site level is not available, spill over of flood water from left bank
of Padma River on to the Site cannot be ruled out.

Also, overall natural gradient at Site and surrounding area is from northwest to east-southeast.
Historically, Site was the lowest area which would be inundated before the surplus runoff from the
area drained into Ichamati River in the east. Further, Ichamati River is located at a relatively higher
elevation than the Site area’s natural surface. Hence Site and surrounding areas form a trough
between Padma River on the west and Ichamati River on the east as depicted in the Figure 4.10.
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Figure 4.9 River Bank Erosion along South-western Boundary of Site

Slide A el . SR ESlide

Slide A: Arrows indicate erosion caused by varying water level during past flooding events; Slide B: Soil along the left bank of river adjacent to the Site's south-western
boundary rendered unstable by past floods and is likely to be eroded in subsequent floods from Padma River
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Figure 4.10 Elevation Profile of Site and Surrounding Area

4.8 Public Infrastructure and Key Utilities at the Site

4.8.1 Key Utilities at the Site

Based on consultations with the Site representative of the Client, information related to PV mounting
design was available for review. As per the design, solar panels would be mounted on a steel
structure that would stand ~1.5m above surface level of Site. Considering that the historical maximum
flood level in the area was 10.76 m, PWD, solar panels mounted over the steel structure would be
located above the maximum flood level.

Details pertaining to planned levels of associated panels and switch stations were not available for
review.

4.8.2 Public Infrastructure

Paturia- Harirampur road is the arterial 2-lane road that connects the Site with the Paturia-Dhaka
highway. The Site is connected to Paturia Ferry Terminal and Dhaka through this access road which
is used by the local community to access their fields and homestead areas. During the Site visit, the
team observed pedestrians, two wheelers (bicycles and motor cycles), electric rickshaws, and four
wheelers using the path. However, occasionally tractors may be driven on these routes owing to lack
of alternate path. According to a local civil contractor engaged in Site development work, movement
on this access road has never been disrupted owing to flooding in the area.
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5. LIKELIHOOD OF A FLOODING EVENT

Based on the above-mentioned findings, a likelihood analysis of potential flooding event in and
around the Site has been undertaken. The same has been presented in the Table 5.1 below.

Table 5.1 Likelihood of Flood Evaluation

Likelihood

Attributes

Site Setting

o Site is located in a rural setting surrounded primarily by agricultural
land, water bodies, and vegetated land;

e The study area is drained by Padma River flowing in northwest to
southeast direction. Padma River is located ~50 m southwest of the
Site;

e A distributary of Brahmaputra River named Ichamati River is located
~270m east from Site. Site and surrounding areas drain into this river;

¢ Major flood control structures such as barrages, dams, reservoirs are
not observed within the study area and upstream of Site (up to 50
km)

Hydro-meteorological Data

e Long-term average annual rainfall for the region is 1,827 mm
Rainfall trend shows a steady decline in annual rainfall over time;

o  The heaviest recorded rainfall at any station in the Rangpur district
in 24 hours was 370 mm in 1986. The high intensity rainfall events
are more likely to occur in the months of July to August.

e Maximum daily probably rainfall for 25, 50, and 100 year return
periods in the Manikganj region are 297mm, 339 mm, and 380 mm
respectively;

* Rainfall intensity in the region has limited bearing on the flow in
Padma River as the catchment of Padma River (Ganges and
Bramhaputra combined) extends over a very large area.

Hydrological and Geomorphological Data

Catchment Analysis

o No abrupt slope changes were observed at the Site and nearby

areas. Gentle slopes are likely to hinder rapid evacuation of the flood
water during a storm event. the Site area appears to have pockets of
‘low lying areas’ with potential for water logging and flooding during
rainy season which may be attributed to near level slopes;

e Though, the Padma river is located adjacent the Site (southwest to
the Site), the gradient is towards northeast of the Site due to
presence of levee.

e Most of the Site area falls in the 4 — 10 m amsl elevation. East-
southeast portion of the Site being the lowest point varying between
sub-zero — 4 m amsl;

e  Geomorphological information indicates landform of the flood plain is
characterized by natural levees distributed in a mottled pattern which
forms shallow depressions and small ridges. floodplain areas may
be prone to water logging and localized inundation owing to slowly
permeable silty clay.

Surface water bodies and Natural drainage channels
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LIKELIHOOD OF A FLOODING EVENT

Attributes

e The region and study area have been demarcated as areas prone to
River /Monsoon Flood Area;

¢ River floods have been experienced in the region over 58 instances
since the year 1954; Duration of floods during major flood events
varied between 29 days to 65 days;

e Based on flood hazard map developed by BWDB, study area is
categorized largely as at “Moderate” river flooding risk; whereas
areas lying along the left river bank including southern portion of Site
are at “Severe” river flooding hazard;

e Based on the maps prepared by ICIMOD, the Site is located in an
area reported as inundated during 2017 monsoon;

e  Probability of flood in a year from Padma River is 60% with average
duration of floods extending up to 23 days;

e Frequency of river water level exceeding danger level (9.4 m, PWD)
has increased over the past 20 years (since 1998) to every year.
Since year 2000, six (6) years recorded water levels higher than 10
m, PWD with an average maximum water level of 9.76 m over the
past 7 years;

e Though level of 10.76m in 1998 was considered a 100-year return
period event, river water level reached 10.67 m, PWD in the year
2007;

o Based on review of historical satellite imagery, most of the Site area
was observed to be submerged during 2016 flooding event;

Public Infrastructure

e  Paturia-Harirampur road is the arterial 2-lane road that connects the
Site with the Paturia-Dhaka highway.

e As per local contractor associated with Site, movement on this
access road has never been disrupted owing to flooding in the area.

e As per local residents, Paturia-Harirampur road (access road to the
Site) was completely submerged during 1988 flood.

Likelihood

Based on the observations from the above-mentioned table, it appears that the overall likelihood of
flooding event and its impact in and around the Site may be considered as ‘High’.
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Based on the observations from the above-mentioned table, it appears that the overall likelihood of
flooding event and its impact in and around the Site can be considered to be ‘High’. The main high
probability attributes are as follows:

m  Padma River is located ~50 m southwest of the Site;

m  Adistributary of Brahmaputra River named Ichamati River is located ~270m east from Site. Site
and surrounding areas drain into this river;

m  Major flood control structures such as barrages, dams, reservoirs are not observed within the
study area and upstream of Site (up to 50 km);

m  The region and study area have been demarcated as areas prone to River /Monsoon Flood Area;

= River floods have been experienced in the region over 58 instances since the year 1954;
Duration of floods during major flood events varied between 29 days to 65 days;

m  Based on flood hazard map developed by BWDB, study area is categorized largely as at
“Moderate” river flooding risk; whereas areas lying along the left river bank including southern
portion of Site are at “Severe” river flooding hazard;

m  Based on the maps prepared by ICIMOD, the Site is located in an area reported as inundated
during 2017 monsoon.

= Probability of flood in a year from Padma River is 60% with average duration of floods extending
up to 23 days;

m  Frequency of river water level exceeding danger level (9.4 m, PWD) has increased over the past
20 years (since 1998) to every year. Since year 2000, six (6) years recorded water levels higher
than 10 m, PWD with an average maximum water level of 9.76 m over the past 7 years;

m  Though flood water level of 10.76m in 1998 was considered a 100-year return period event, river
water level reached 10.67 m, PWD in the year 2007;

m  Based on review of historical satellite imagery, most of the Site area was observed to be
submerged during 2016 flooding event;

Considering the above mentioned attributes, current Site level of 9.406 m, PWD is likely to be at risk
of flooding from Padma River at high frequency. In such a scenario, Site may experience inundation
with depths of 0.1 m or higher depending on the magnitude of flooding. However, solar panels
mounted on steel structures (1.5 m above Site surface level of 9.406 m, PWD) are designed to be
located above 100 year return period flood of up to 10.76m, PWD.

Further, river bank erosion may pose considerable risk to the retention wall/lboundary wall over time.

Additionally, raised level of the Site is likely to create a barrier to natural drainage of surface runoff
from areas northwest of the Site (agricultural land parcels between the Site and Padma River) and/or
flood water from the river. This is likely to increase extent and duration of inundation and/or
waterlogging in these agricultural land parcels in the future.

6.2 Recommendations

Based on the broad level assessment, following measures are recommended to protect the assets at
Site from identified ‘high probability attributes’ and to prevent/mitigate their impact on the Site:

m  Plan and design flood prevention / mitigation structures to raise the level of all key electrical units
and equipments above the 100 year flood level of 10.76m, PWD;
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m  Enhance structural stability of the river bank along the west and south-western boundary of the
Site and provide robust erosion protection to withstand flood water;

m Create large and deep storm water detention ponds along the north, north east, and north-
western boundary of the Site to create a sink for surface runoff which may get inundated
upstream from Site to minimize impact of development at Site on neighbouring land;

m  Create a divergence pathway for the surface runoff to bypass the Site to downstream areas by
scientifically designing a conduit through the Site or along the periphery of the Site;

6.2.1 Recommendations for Further Studies

m  Undertake a detailed flood risk assessment (FRA) to visualize inundation at Site under various
river water level scenario using regional flood plain modelling, and plan mitigation measures
accordingly. Due consideration must be given to extreme river / stream flow scenario, varying
climate condition, and potential impact from breach of river bank along the Site boundary;

m  Undertake a detailed flood risk assessment (FRA) to visualize inundation in agricultural land
parcels upstream of Site under various precipitation conditions using modelling in order to
understand potential impacts of flooding on neighbouring communities, if any, due to
development at Site.
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