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GOVERNHMENT OF THE PECL_ ’S BEPUBLIC UF HBANGLLALEDH

ROADS & RAILWAYS DIVISION 7
MINISTBY OF COMHMUNICATIORS

ROADS AND HIGOWAYS DEPARTHERNT

TECHNICAL ASSISTANCE PROJECT PROFORMA (TAFPP)
( RECAST )

FEASIBILITY STUDY OF PADMA BRIDGE OF DHAEA-
MAWA~BHANGA ROAD OVER THE RIVER PADEA (PHASE-1):

ESTIMATED COST : TK. 427.00 lacs.

FEBRUARY/1998.
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TALD BORHAT

PART-A PROIJECT D) PROJECT NO.{2) TAPP DATE REVISED(3)

1 - " February/19968 _

PROJECT TITLE(4):, FEASIBLLITY STUDY OF PADHA BRIDGE ON DHAEA-MAWA
ROAD OVER THE RIVER PADKA.

EXEC AGENCY (61

ADMN.MHINISTRY/DIVISION (H)
ROADS & HIGHWAYS DEPARTHENT{RHD)

ROADS & HAILWAYS DIVN,
HINISTRY OF COMMUNICATIONS,

SECTOR  ROAD & ROAD TRANSPORT({ 7]

(8) TADP I'REPARED BY (9)
EXFEOCUTIVE ENGINEER(RHD)
PLANNING DIVISION /ADDRESS 281490
SARAK BHABAN, RAMNA, DHAKA,

PROJECT MANAGER
EXECUTIVE ENGINEER({RID)
BRIDGE DESI1GN DIVN.-3,
WESTERN ZONe, DHAKA.

PART B PROJECT DATES  PLANNED MM YY{10) FPLANNED = MM YY (11)
START 03 1998 COMPLETION 09 1988
_ N .y Frobable donor IDA,ADB,0DA,JIC4,DUTCH
PART © PROJEUT FINANCING . yADE, LA, ' '
KUWAIT FUND,s[$8) pURD,OHINA GRANT ETC.

'LOGAL COST SOURCE (13) TOREIGN EXCHANGE SOURCE (14) CURRENCY/RATE (15)
1GOD ; Selected donor 1 US$= Tk, 44/~
IPROJECT |TOTAL COST F/E €OST TK. COST GOB COST PROJECT RPA  CDST
lcosT (1A (17 (18) (19)  _AID(20) (21) (22)
F/y-1 256.00 179.20 76.80 . - 256,00, 76.80 -
F/Y-2 171.00 119.70 51.30 - 171.00  51.30 -
TOTATL 427.00 298.90 128.10 - 427.00 128,10 o
RE TACC/M1S
FINANGIAL ARRANGEMENTS WITH DONOR {23) NONE DISCUSSED
NAME/DESIGCNATION  OF DONOR CONTACGT (24)
FINANGCING AFTER  COMPLETION OF TIIE PROJECT FUNDS REQUIRED YEAR (25)
MODE OF FINANGING D NDR (26)
LOAN GRANT GO ALP BUDGET REVENUE BUDGET

No. . Yes Yes No.
SELE FINANCING: % NIL (271 o
 PART D-7 PROJECT: DESCRIPTION (28)

A TA Project hes been included in the current yesrs Anpual
Development Progrsmme of GOB. For a long time the construction ef a
bridge acroes the river Psdma near Mawa has beer a widely felt need
of the peeple living +te the south westiern part of the coumtry.It will .
pstablish secend cresming between east and west parts stripe threugh
southern part of ihe country. The first cressing will be established
soen by cemplition of the cepstruction eof Jamuns Multipurpsse Bridge
by 1998. Sultable donera should be sesrchad fer the purpese in due

course.
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1T APDP FORHMHAT

The TAPP has been prepared for feasibility study of Padms bridge en Dhake-
Mawa-Bhengae Kosd. The censtruction of the bridge will impreve the effi-
ciency ef.the existing transportietion through sherter andﬁ'%re reliabls
jeurney. It will imcreese the viebility ef freight impert threugh Komgel
Fert by previding a direct reute te the Capital Gity Dhaka. It will xti-
mulste the regiomxzl ecenemy im the South Western Zene. It will help te
increese fereign trede with Bamgladesh. It wlll esisblish a direct link
fer trensit treffic sy part ef the "Trens Asiex Highway " concept.lt will
Blso carry utility services viz. rlectricel Imtercennecter,Gas Pips lines,
Telecommunicetionsetc.

e . e - S e o s e o $m O WD W e S e o ok e e B RN T T e e e e e M G O R R RS e e e e e

The main Obhjective ol the Cnnsn]Lnncy Services described herein
is to carryout detmiled rngineering services for feasibility study
for the construction of a bridge over the Padma near Mawa on Dhaka-

Mamwa-Bhanga ioad.

o e o - o o ot — o P T m e = e o e e e e e e e T e e e o R A Sx S A e SR T s s

CONSEQUENCES I1F NOT APPROVED (30)If the project ie not approved,appro-
priate steps ifor comstruction of the bridge cen not be taken up.As such
the visbility of establishment of an efficient and rellable road communi-
cetion in the south-western zone of the country cen not be implemented.

PREPARATONRY ASSISTANCE : The project study reports will be
utilizrd in formulating a scheme for

detoiled design apnd constiruction o the bridge
over the river Padma nesr Xawa.

TECHNOLOGY TRANSFER : The GOR Counlerpart officials belng
associnted with foreign exparts and local
professionnls, will get training to .
contuct such studies independently in

future.

MANAGEMENT ITMPROVEMENT ¢  Same as technology Trensfer

e e e = im i e t m —  —m  m m me e e A e M A e - e e AR SmEm S SR e S S

INSTITUTIONAL SUPPORT : NIL
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ACTION EXDPECTED ATTER COMPLETION OF THE PRQJFRCT (31}

Ravred on satisfaclhnry result of bLhe
study, a Project may emeregs suilable for
finsncing fordetailed design and construction
of the bridge.

PPART-F-) PROJECT INTHT PERSONNEL

EXPATHIATE CONSULTANTSI34) MAN-MONTHS NO OF CONSULTANT COST/MM

.42 23 k. £.00 lacu.

TASKS AND QUALIFTCATION REQUINRED {35):Mainning schedule
epd TOR for the Bervices sttached as Apnexure-A&B respectiively.

JUSTIFIGCATION @ Engagement of expatriate consultsnts will be reguired
to cover up the skill geps of locel experts in such itype of compli~
cated project snd will ensble to take up mueh projects independently

ig- future -by- techoovlogy ~traos fers
LOGAL CONSULTANT {3G) HAN-MONTH NO OF CONSULTANT COST/HMAN-MONTH

e o et e P P e e An e e G e e A e G e b AL W e Al e e A e e e e e e em e A o e

20 8 Tx. 1.00 Lacs.
@ o e T i
Twrerer PROJIECT NPT PERSONNEL,
FROJECT PERSOKKEL GOI(AR1 HAN-NONTI NO OF PERSONNEL COST/MAN-HONTI
Existing D Setlup will be utilized Tk. Nil

NO. OF STAF)F AVATLARBLE (3§) RO .NF STAFF AVAILABLE NO.OF STAFF OF
FAULL TIME CPART-TIME (40) NE(11)
Existing RID Sclup with be uliljized

TASKS AND QUALIFICATION REQUIRED (42):

Snpervision and rto-ordinabion of
consullants aclivities for prapesr and
Limely complelion and implementalion
ol the project., Will mclax
Conunlerpart of the GConsultant and
help them in Transfer of Technology,

I FOT PERSONNILL HTHHHS(ﬂH)’HAK-HONTH jNO OFPEHSONNHL]CUST/HH

TASKS AND QUALIFICATIONS REQUIRED:

Dewignation and gualification of
different suppurt staflf from various
Heciplines will be propesed by Lhe
consullant during negoliation.
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T APP FORMAT

{Teka jn_lac]

FTEMATEN (1) ENPATRIATE, LOCAL : PROJFECT TPROJ.TERSONNEL
PENSONNEFL ORT CONSULTANTS CONSULTANT PERSONNIL GODR OTHERS
¢ S s
l/\—; 101.00 8.00 - -
e TN - -

{Taka in lac)

PART -~ PROJECT INPUT EQUIPHENT
SPECTEICATION OF TERMS (15) | QUANTITY [ rosT
Toulpment. RENTEL YNBYEED
1. Air Conditioner ( 6 Nos.) Tc. 6,000/~
2. Telex,Fsx,Telephone : " 20,000/~
3, Photo cepping & Printing » 20,000/~

X.456,000/<X7 =odthsTk.3.22 laee’

4. Hire of VYehicles,Car-4 Nos.for 5 k. 8.00 lacs

months with drivers.

5, Hire of survey lsunch wilth - crews n 0,55
for 1 month
6. Bire of survey equipments : n 1.00 *
7. Hire of veesel for Boil investigstipn/ n -
ore.h B . 3.20
8. Locsl f%ﬁoratory cherge for soll tewting report n 4.00 "
ANNUAL PHASING OF ESTIMATED COSTS (46) Totalz Tk. 19.97 lacs.

F/.\'—l ¥/y-2 F/y-a ¥/Y-1 F/Y-5 F/Y-6 F/Y-T F/Y-8 F/Y-% F/Y-10

12.00 7.97 - - - - -
T:TT:(—T_—I—:—l PRNJECT INPUT TRAINING
F_TI_TT(—\-I—I-(N {17 INSTITUTION (48) NO.OF {19) COSTIL0)
PARTICTID
N
ANNUAL I'HASING OF FESTIMATED (IOSTS (51).

FAV=-1 F/Y -2 F/Vved F/v-1 F/Y-5 F/Y-86 F/Y-T F/Y-H F/Y-9 F/Y=-1D




APl oy anrHAT

AR == PROJICT TNPUT OTHERS

International Expencesa:

1. Air tickets « Bubsistmnce sllowances | Tk. 42.00 Lacs.
2. Hlsccileueous—a)lnternatloal communicati?na " 3,00 v
b) Reporta " 3,00 "
cg LComputer allowance " 13.00 »
d)} Bite investigation = " 21.00 1
e¢) So0il lsborstory investi-
getlon allowasnpce " 6.00 "
H

£} Freight of documents sllpwance 3.00
Local Expenges :~- C

.1. Living sllowences for overseas Bisffs " 34,00 "

2. Supporting steffe-Tech. Lsstt,,burveyors, " 1.24 "
- Drafteman etc.

" 0.2 ¢

Local Air travels
bripting spnd binding of interim & draft repoft 2.15 ¢

3.

4.

5, Office,utilities,meintenance ste.for 7 mpnth " 1.19 "
6. Office furniture,eguipments,supplies forjf " " 0.91 ¢
7. Office mdministrstion & Beck up etaffe fpr7 "" 1.6 "
8. -Ereight of Cocuments for Banglsdjsh to hpme " 1.00 »
. ’ offipe.

Contigeney for support services.
' TL

ANNUAL IP'HASING DEESTIMATED COSTS (53)
F/N-1 F/V=2] E/V=3] F/Y=1|F/Y=5 [F/¥=6] F/Y-T |F/V-8| F/¥=8] F/V-10
81.00 5403 - - - - - - - -

PROVISTON 1K FIVE YEAR (54) I PROVISION IN abhp Included.

NO.OF FRCLOSURES \{ : STGNATURE f)f’{_l(Fﬁ(fUMMI'INIHN(;
AUTHORITY (06)

_____________________________ ; -

——————————— R e L & - :
= \g\/

v
r'd
(Md, Abdullahel Kefi) {M.M, ﬁ;sudul Huque)
Executive Engineer(RHD Superintending Engineer(HHD)
Planning & Prepgramming Clrcle

Planning Divisien (P&D :
Sarnk Bgabah Ramna, Dhaka, Sarak Bhalan,Ramna,Dhaka.

2
'VN\ L TAMRET )

(id. bcraJ)l'lsldm) (thd. Abdul Wagud)

Addl .Chiel Engineer{RHD) . Chicflhnglneer
j-lanning & Develepment Hep€s & Highways Department

5arak Bhaban,Ramne,Dhaka, Sarak Bhaban,Ramna,Dhaka.



Abstract ol Cest

{(Taka in lacs)

1. wxpatriste Censultunts, 23 Nes,w[2 MM
6Tk.6 lacs, per MM, =Tk .Z57.00

Leci:l Cesnsultants, B8 Nes.=20 MM

M

@¢Tk.1 lacs, per MM, =Tk. 20.00
3. VFreject Input kquipment Rental Charges
(belalled in TAFP item L5). =Tk. 19.97
L. I'rejcct Input sthers(Detailed in

Tetal =Tk.427.00 Jacs.



MANNING SCHEDULE N
ripstriste Lonsultants
51TKo} " Tkesition T VEstimsred k.N._ 1
_____ s COUDETY L BomE
1. Frroject lirecter 1.00 0.30
2. Project Mansger 5.00 0.15
3., Trensport kconomist 1.50 -
4. Development Economist 1.50 0.30
5. “bperpgy kconomist 1.00 -
6. I1rensport Engineer 2.50 0.15
7. Bridge wngineer.q 3.00 0.15
8. Bridge wngineer-2 2,50 0.15
9, Bridge tngineer-3 1.00 0.15
" 10. roundstion Specilist 1.50 0.15.
11. Cost tngineer 150 0.15
12. Trensport Planner 2.8%0 0.30
13, System Anslyst 2.00 -
14. Hiver Engineer-1 4.00 -
15. UGeotechnical kngineer 2.50 0.15
186, Hydrologist 1.00 0.30
17. River- Morphologist 1.50 0.15
18. Hiver kngineer-1 1.00 0.15
19. Lxpert Soil Mech. 0.50 -
20. kxpert Hydrodynemics 0.50 -
21. Specialist{Various) - 0.30
22. bixperts {Various) - 0.30
23, Home Office support(Various) - 1.20

= B ——— - P o GV W R M SR i T T e e o . R e o D S WD A G S Tk T M fum G T . G e O s e e e e e

B. Locel Consultants :~-

37.50 + 4.50
= 42 Man months.

o —————— = —— - "~ (o o — M A a e

51TFo.} Pesition 7T 1 Estimated MN

- - - o o0 10 G (£ T e o T T FL G et o e e e O e £ Gl W

Hydrologist
Trensport bconomist
Development bconomiat
Transport Lbgineer
Geotechnicel Engineer
Bridge Lkngineer
River bngineer
Cost kngineer

—— - e

| DY

—— - -t mm o = o v -

- > - WD W > —— T O s S " - e S N R A S R S S S e A

20.00 Msn MNonths.



TENMS OF REFENENCE FON FEASIRILITY STUDY OF A BRIDGE ACROSS
THE PADMA RIVER NEAR MAWA,

IPHASE - |

CHARACTERISTICS AND CONFIGURATION STUDY

Introduction :

. Thes Gsvenuninnl of Banglodesh has sel os one ol ils highns! puioiline

Heeindeapedion ol 1hr wesliain and easlern regions of the rounry, by
Ihrs eonshioeciion of mojrr ciossing of the Jomuno-Podma River Sysiaim,
I heretore hos Inken up the Jomuno Mullipurpose Bridge conshurclion
wenk arioss the river Jomuno {or conying rood. rol, n powsr
mnlerennnnclion, o gos pipeline ond felecommunicalion cnble neor
Rhwiepr & Sitcjgoni. But il could nol serve much benelil for peoples of
sovillwesien yone of 1he counlry, So o second bridge ccerass the river
Peyi hiney et Meswo on Dhaka - Mawa - Bhango road has been also o
willrly Iell nred of he people. The bridge could enoble 1o cnny raod
a5 weell e lifily smivices viz, an Flechicol Infercomecior, n gas pipoling,
Ilrromnumicalion line, elc, I is conlemploied thal the ciossing will
e onsishaof a lridge, approoches ond ossocioled river troining works.

Itin comlemplaled thol the slusdy should slarled in March 1998 and be
cotmplelod Hovomber 1998, Becouse of The shorl fime available il is
evprese ed Hhal Hhis slucdly will require on inlensive ellorl on Ihe pail of
“the wdeeled consullant, On the bosis of the sile and choracleristics
dedenninesd by Mhase - | of the Feasibilily Study, Phase - Il (Pieliminary
Fngineetingg, Fonnomic Evolualion and Deloiled Design) will than be

ronind nul sepoialely.

Mnin objective of the study:
. thes objeseclives of Ihe sludy ore fourfold -

ot} whiare should e bridge be locoled 2;

) whal hedllic will move over i, including fransiers of elechic power
ol rpos hnlween the lwo regions?;

) whal chnaclerislics rnd conliguralion does the bridge ioquite in
otcden 1y hanedle the projecled frollic? ; ond

i) whal tnm he inciemenlal cosls associaled wilh allainolive

vl ]iosnie?

H Twraf B o vediasctmreniie 1. ae
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Background :

ihe  Goveinmenl  of Bonglodesh wishes o provide improved
rnspniinlion belween the easlern and weslemn regions of the counlry
by conslrucling mojor river crossings, suilable for mullipurpose uses.
inclicding polentiol rood lralfic ond eleciric power and gas lranslets.
GOBR has oleady loken up the construclion work ol Jomuna
tullirniipose Bridpe ocross the river Jomuna near Bhuopur & Sikajgoni
ley crurying rood, 10il, second eleclrical interconnection. gas pipe line
antt lelecommunication cobles. Bul il could nol serve much benelil for
Ihe prople ol soulh-wes! zone of the counlry. So o second bridge
Aartoss 1he tiver Padmo near Mowa on Dhoka - Mowo - Bhonga toad
has baan alce a idely fell need of ithe people for o long lime. The
Iwiclae could enoble lo carry rood ond diflerent ulilily services viz. third
Fieclical  Inlmicomelor, Second gos pipe line crossing  ond
lelecommmunicalion cables.

It is minnlionad here thal the GOB has loken up Dhoko - Xhulna roord
vien Mowa, Bhanga as nalional highway siondard roed to shotlen ihe
nxistingg 1004 dislance of soulh-weslem Divisions/Districls and Monglo
Porl wilh The capilal cily Dhako lo a remarkable exlend.

e exisling lrnspotlolion syslem is by means of leries, presenily of
fimilerf caparcily and lhe operalion of which is lrequently inlenuptes
bl by fow weter duiing diy season ond by floods, with high curenl
lows, 1esulling in significant delays 1o lioflic, The leny is siluoled on
Dhaka - Mawa - Bhonga Rood ond opercled by IWTA/IWTC,

Thn Jonmna - Pordma River syslem is one of the greotes! in the world,
wilh very laige llood discharges during the monsoon sroson. and
hrnvy bead loads and suspended sediment loads, During fiood periods,
higlt velocilizs lerd o scouring erosion ond moving sond woves. tisao
byresic lecd river, willh many course changes ond major shills in the river
c:honnel having occurred during previous yeors.

tha prlanlial crossing area is underlead by thick sediments. It s o
saisnicolly  oclive orea, wilh o rsegionol history of lour shong
callhquakes of long duralion during the posl ceniury.

There s a considernble all season rivet navigation in the Podmo River,

W Geteord B v v 1m0t AN s e o,
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Page 3

1o. Katerials for construction are scarce, except for sand and clay.
Cementc is produced locally, but supplies may be limiteds There appears to

be no source of rock or atone within reasonable distance of the crossing ared

otber than by deep mining.

i1, The Government of Bangladesh believes tnut significant developmentcs

tould take place in the northvest and that commerce vith and between the rast

of Bangladesh will grow as a result of a direct land connection by a bridge.

12. A factor which may have an influence on the propo-ed bridge is the

cxisting railroad crossing, the Hardinge Bridge, across the Canges. There

is currently 4 proposal under consideration to deck this bridge to

sccommodate road traffic as well.

13. In 1981, an overhead intetconnector for power transmi:sion vas

comsiructed 2eross the Jamuna,  just above its confluence wvith the Canges. 4

second power connector is under consideration for the early 1990s. This

connector could be carried by the proposed bridge. The Consultant should

estimate the incremental cost of carrying a 230-kV transmission line togéther

vith the cost of linking this line to the grid syscems in the eastern and
western regions.

14, Thers ars plans o expand the gas transmissizn sysiem D the western

sart of 3angladesh. If this plan is frasibie, a zis »ipeline couid be

zarried py :the praposed bridge.
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to che proposed study.

Page U4

Hiny reports hava been prepared over past years, that are relevant

These include, but are not necessarily limited to

the folloving:

(a)

(b)

(c)

()

(e)

(£)

(g)

{h)

(1)

(3)

Petrobangla: Techno Economic Study for Cas Supply to Western

Zone, August 1983, by Rendel Palmer and Tricton and Pencel

Consultancs, plus “Appendices”.

Jamuna River Bridge Construction Report Volumes I - VIII incl,

Japan International Cooperation Agency, August 1976.

Intermodal Transpert Study, "Interim Report” for Asiap Developoent

Bank by Pacific Consultants Incernational, Pan Development
Cansultants Lcd., and Develdpment Design Consultancs, Led.

Bangladesh Transport Study 1974, Economic Intelligence Unit.

Brahmaputra {Jamuna) River Crossing Feasibility Scudy.

freeman, rox and Partners, et al.

3ranmapulra Hultinur:oi: Barrage Xeport,
Sie¢ William Halcrow, October 1984,

Desisn and Construction of Easc-West Electrical [nterconneczor

Bangladesh Powver Development Board, 1982.

8ingladesh Inerzy 2lanning Project, Interim Revcort,

Sir William Halcrou and Partners ec al., preparzd for the

Asian Development 3ank, December 1984 (Final Revort is expectad

ta be available oy .une 1985).

Jamunas Bridge Feasibility study phase 1 & 11 by

HI-T-NLDECU JV. fer World Bank. p
- ! 034, P”h.‘,\
Design and construction of Jamum-a wm\h}:w*\" A ¢
“3 GoB e U e
) I

Amtm‘tj

windore Jamuna Brid

{7 Flcmc ntation

A,'?G_
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{{}) TPower System llaster Plan, Draft Report, Acres Internstional,

prrnpared for the Asian Development Bank, dugust 1984,

Ihe ransvlrant shall become familiar with these and other relevant studies
but is expected tno exercise independent judgment 231 tn their data and

cnnclusions.

I, Fensral Seismic Criteria for the site hava been prepared by
Josiesqor Bruce folr. loeal seismic reports are alad available in

Hingladreal.  Theae ymporcs will be made available to the consulzam .,
Scope of Service

17 The eanantrant shall i{dencify the most fawerable corridor {general

location) far the creasing and shall present the rationale for its

evaluation.,

's this evaluation, zhe consultants should consider, but be limited to,

the inllowing ecorridors:

{1 Omo Hhakseoaawa-Hhanga ltoad o nearby Lthe roned, sults
auitebile Im aecamadnble with the exdsting hiphwny,
(1) erosqing  Lalaw = coniluence of Ganges vi11a the Jamuna



Page 6

10 . The consultant will make projections of commodity and passenger
traffic in five year increments to the year 2020, These projecticnsg shall

include traffic presently or potentially using road, electric powver

lines and gas pipelines. Due to the necessity to make a vide range of

issumptions concerning future economic conditions, projections must be
forulated in terms of minimum snd maximum flows of commodities and

passengers. Projecctions will be predicated on financial costs.

19 . Commodity flovs and passenger movements based on existing road

should include an analysis of diverted and generated traffic

iscluding potential intermodal diversions. The maximun demand for elect:

pover .and nat-iral gas shall be predicated on the basis of projected dema
and supply considerstipns, including the possible construction of gas-fi -

pover statio' ; and other gas—based industries in the vestern region.
In The consultant will need to conduct appropriace origin and
destination studies and traffic counts to support the limiced dara base

necessary to estimate existing and potential traffic. While the consul

vill 'not be rezquired to make a toll bridge study per se 1t will be nect

to make and detail assumptions on toll rates to zhe 2xte2nt they 3re cr

to traffic forecasts.

1. In conjunccion with '¢r: traffic projections, the consuizant st

consider a range of bridge characteristics and confizurations vhich

sacisfy the requirements such as 5ut not limited o



(s)

{b)

(c)

(d}

(e)

(£)

Page ¥

tvo lsne road apd turnouts;
Tvo lane road with breakdown lane(s);
tvo lane road and turpouts with provision for future

cxpaneion to four-lame road;

tvo lanc road ood tursouts with provision for future cxpanmion,

two lene rosd and turmpouts,

and

two-lane road and turpouts

The consultsnt shall consider incremental expansion and stage construction

to satiafy these requirements.

2.,

The consultant will consider but not be limited to the following

bridge schemesn:

(&)
(b)
(c)
(d)
(e)

cable stayed;
contiuvpus truse;
prestressed concrete "I" and box girder;

steel box girder and trestle-type; and

tied arch truss,

The latter twvo (c) snd (d) should be considered both as timple and costiouous

spans.
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21, foundation types to be considered shall include but not necessacily

be limited to wells, caissons, and large diszmeter cylinder piles of steel

snd/or conerete.

for the purpose of this study, the consulrant may assume the

21’.

folloving:

(2) Earthquake Criteria. T(As per report prepared by Prof. Bruce Bolt
and local seismic reports.)

(b) Applicable Highvay Standards.

(e} Mavigation clearance as required to satisfy existing and
future standards for river navigation.

(d) Discount rate {opportunity cost of capital) of 10T and 151.

For purposes of thls study, the censultane will eritically reviev

8.
4zisting data and use the most appropriate values for river discharge,

velocity, and suspended and bed load sediment quantitizs, sand waves and

potential scour depths, and wind velocity.

6. The consultant shall utilize such methods as hé feels necessary to

determine the critical parameters affecting the study including review of

existing ‘reports, use of geophysical (seismic) technisczs such as sparker

{boomer) 'surveys, or similar means, limited additional derings and/or .

probings, and -eview of geological and hydrologicai Zata. ihe Coverament 3¢

3angladesh will enceavour to make available all previsus reports and studies

vhich are relevanc,

— 80 —



3.

items in order o determine their impact om costs and technical

Page

The consultant shall specifically address the following physical

feasibilicy

of the crossing:

(a)
(b)
(e)
(d)
(e)
(£l
(z)
(h)
(i)
(1

(1)
{2)
{n)
{0)

river discharge velocities and vater levels;

current velocities;

suspended sediment quantities}

vater levels;

3zzd wvaves;

navigation clearances;

geotechnical conditions;

séour potentialj;

crossing alignment and profile;

potenctial alignments for approaches;

construccion -loads and stages;

materials availabilicy;

river channel changes, historically and over geologic times:
upstream and dounstream effects of new conscruction; and

boat and barge traffic wicth potential for impact wizh plers,

Yot4 that the level of investigation should be only znat whizh is appropriite

to this scudy.

1%,

In developing eppropriate characteristics ind configurations, ChE

consultant =ill be expected t> provide an incremencai cos: andalysis to

481_
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deterzine which bridge schemes and construction mecbods can potentially

provide &« minimum cost solution. In this context the potential meintenance

coscs over the period of analysis should be coasidered. Also, the ¢onsultine

vill be expécted to determine optimum trade~offs betveen alcernative bridge

charzeteristics and configurations including bridge length vs, civer training

investments sod approaches, Order of magnitude cost estimates essentially

miy be essentially divided into four components:

(1) foundations;
(:) superstructure;
(¢} river training; and

(d) -approaches.

Toundations for the bridge are believed o be especially cririeal

bE N

in viaw of deep sediments, depth :to a suitable founding stratum, potenciasl

.

for severe scour, sand waves, flood discharges, iand seismicity. In examining

this macter, the zonsultant should consider both the well tzchniques usad for

the recently constructed pover interconnector transmission-line piers, and

large diameter tubular pilas of steel or prestressed concrete, fendering may

b¢ needed to protect rom doat/barge impact, Sand abrasion and its

int2raccion with corsosion saouid e considered,

3q . The consultant shall 2stimacs the incremencai coast of alzzraative

characzeristics and configuraction o{ the bridge superscructure and any

telated foundation costs. Depending on traiiic forecasts this should inzlude
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but noC neceasarily be limited to tvo lanes vith ow—wiahout breskdown lane or

turnouts; four-line road} vith and vithout rail traek; and support for pover

cable and gas pipeline. This analysis slso should be based on optimum stage

comstruction taking into consideration projected traffic and discounced cost

estimaces.,

3. River traioing works are also considered to be especially imporrant .

because of the flood velocities, character of the soils, lack of conventicoal
Jike materials, instability cf the river channels, and consequences due to

any failure of training vorks. The consultant should become familiar with

the history of prior techniques and methods, in similar environments, and the
fa@lure: which have occurred, and should investigate modern methods of dike
conscruction including buc not limited to filter fabriecs, brick, asphale,
including sand asphalt, gabions, Exnd/fillid mactresses, articulated

mittresses, cement treatment, sand/cement blocks, ece;

L. Cost estimates of necessary approaches for road, rail, zas and

‘electric povwer are those necessary to connect Che proposed bridge with the

exiscing infrastructure for theae facilities., In addition, the consultant

should determine the cost of alternative incermodal zonneccions {(e.3, road

to rail, rail to road) :hat would significantiy alfez: fhe cast of the

.roposed bridge and its approaches., in considering !sprdaches the consuliane

fect on existing

"
'y,

sanuld consider protection Zvom erosion from floods, :Ide

secondary river charnnels such as the Dhaiwari and any necessary mitigacion
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pessures to limit sdverse effects. In this context modern technigues as wvaell

13 rhose bistovically applied in Bangladesh should be considered.

13, Following the technical analysis of the crossing charzcteriscics,

the consulranc shall carcy out 2 fisk analysis, evaluating the potencial for
major river changes, damage to or undermining of bridge piers, breach of

dikes, earthquake damage, flood damage, or vessel collision vich the bridge

piurs and/or superstructure, etc.

Jy. The consultant vill be expected to msks recommendations on the
optimum crossing scheme bzsed on an analysis of incremencal costs. This can

be done by comparing the costs of alternative bridge, river works, and

approach configurations carrying the projected commodity Flows and passénger

ctraffic. The analysis shall be predicacted on economic costs. The

incremental cost analyst must consider three basic factors:

which bridge characzeriscics and configurations considering

(a)

incremental excansion/:zaged construction resulis in the

lowest nut present wcouomic costs?;

{b) which alternative zranspor: modes result in the lovest ne:

oresent e=csnomic :osis!i and

srace-=7 setween (a) and (2} aocove, wnich scheme

{(c) in making znw

-esulrs in the lowves: overall zcansport svsiems ecoromic costy!
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15 It is expected that tha consultants will develop computer programs at

lsase for traffic simulacion and the incremental cost .analysis. Usa of &

computer program will enable the comsultant to prepara a sensitivity anaslysis
to supporc its recompended crossing solution and give some indication of iry

comparative advancages in comparison with other alternatives,

Reports and Timing

The consultant shall submic che following reports, in English:

3.

(a) An Inceprion Report within two monchs of the study starcing date,
This ceport shall detail the general inpurs, methodology and

analysis to be used in the study, and, if practicable, the

selection of the optimum corridor for the crossing., Twenty copies

ef the report should be submitted to the client.

(b) Tuo Progress Reports at six veeks intervals alzer the Incepcion

Report, brizfly describing the work carried our is the previous
six weeks and the proposed wvork program for tae following six
The report should highlight any probliems and/or

week period.

delays and proposed remedial acrisn, These rzports shall include

details on the consuitant's s:aff on the proiezc including 4 current

and projected stafi bar cnart. These reparts should oe separate arc

generally short. 2Progress Reporz No. ! will include inicial

craific projections for commodities and passzngers. ZFrogress
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include incremental cost estimates of alCernitive

crossing charxcceristics and configuracion. Twently copies of

report should be submitted to the client.

IERD.

{c) A Draft Final Report at the end of month six of the study.

This

report should be a complete document, with an inicial executive

surmary of the findings and recommendations of the consultant, and

should only be considered "draft” in cthe context of being subject

to raview. The Draft Final Report will contain:

(i)

(ii)

(1i1}

{(1v)

z2 discussion of the znalysis and methodological techniques
used io determining the optimum corridor for the proposed
crossing;

detalled description of :he-m?thodology, data, sssumptiens
and computer prngrams used CO zenerale Mintoum Jnd Taximum
commodity and passenger traffic projeccions:

a discussion of the basis for developing :ne incremencal cosc
various alternacive soigtionst and

escimates of the

an incremenral cost analysis te support :ne raccmmendations foc

the minimum cost crassing solucion.

Twenly four copies of report ssould be submilizd to

tnﬁlclient.

(s A Final lleport,within ene month of receipt of comments

deamed apprepriate by the consultant. Thirvly ‘lwe

troin tae tanel ol Lxperts, incerporating all revisions

Capien

o1 report should be submitted to the clicnd,
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PADMA BRIDGE FEASIBILITY STUDY PHASE - | DRAFT FINAL REPORT — EXECUTIVE SUMMARY
JAMUNA MULTIPURPOSE BRIDGE AUTHORITY OCTOBER 1999

EXECUTIVE SUNMMARY

L. INTRODUCTION

The South Western region of Bangladesh is separated from the capital region and other parts of the
country by the Padma, one of the mightiest rivers in the world. The Government of Bangladesh has
set as one of it highest priorities the integration of the country by the construction of a long
Multipurpose Bridge across the Padma River.

The proposed fixed crossing over the Padma, would help physically unite the country and provide
rapid and secure connections between the East Zone and Mongla, the country's second sea port, and
Benapole, the largest 1and port. As has been shown by the success of the Bangabandhu Bridge over the
Jamuna, the consequent reductions in transport costs would stimulate traffic, rade and economic

development.

This Draft Final Report describes the surveys, studies, preliminary designs, cost estimating, economic
and traffic evaluation carried out during the period 16 May-16 October 1999 as part of the Phase |
Prefeasibility Study of the proposed bridge.

Funding of this srudy has been provided within the 3rd Amendment to the Contract between Jamuna
Multipurpose Bridge Authority (JMBA), and the Consultants Rendel Palmer & Tritton (RPT) and
Netherlands Ergineering Censuliants (NEDECO) in association with Bangladesh Consultants Ltd
(BCL). The contract for the Phase [ study was signed on 5 May 1999. Mobilisation of the expatriate
and local team started on 16 May 1999, and this Draft Final Report was submitted in late October

1999.

The primary objectives of the Preleasibility Study are:

* 10 locate the bridge;

» 10 estimate the volume of expected wallic including gas @nd electricity transfers, and rail if
applicable;

= 1o assess appropriate characteristics and configurations of the dridge. to handle the projected road
and rail waffic, gas and electricity transfers:

« to consider the merits of a tunnel alternative; and

« 1o estimate the relative costs of alternative solutions.

The location of the bridge was a clear and necessary requirement 10 allow the remaining objectives to
be achieved. This was decided 1o be al Mawa in an Inception Report Workshop on 29 August 1999,
and confirmed by the work camried out up to the October Report. The characleristics of the bridge are
defined in four main aspects; type of foundations, extent of river training works, length cf bndge, and
type of superstructure. It is not intended that these features be finally fixed at this stage as this could
reduce technical competition at tender. However they need sufficient development to allow
confidence in achievement and reliability of pricing appropriate 1o this Prefeasibility Stage.

In additicn to the bridge crossing, the Consuliants were requested 1o consider a tunne! crossing as an
alternative to the bridge. It became clear at the Inception Stage that the tunnel option was neither
economically nor technically realisti tic.

The study has been broadly divided into two periods. During the first period, the first eight -weeks
labelled the Site Identification Phase, the team concentrated on locating alternative sites for the bridge
~and producing the Inception Report. This period was followed by a workshop where the Client's

RPT - NEDECO -~ BCL ]
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invitees and the Consultants’ experts were invited to discuss the initial findings, and to debate in some
depth the selected crossing site, the river engineering and bridge engineering problems, and potential
solutions. .

The second period formed the main part of the study. Dunng this period, labelled the Scheme
Selection Phase, the Consultants concentrated their efforts on a single site, towards generating the
necessary information for the incremental cost evaluation, towards developing recommendations for
the preferred bridge characteristics, and producing the Draft Final Report.

As specified in the Terms of Reference, the information presented in the present Report comprises the
activities mentioned in the scope of the work, which-components are related to:

. Engineering surveys, investigations and data collection;

. Methodology for the study;

' Data analysis and engineering studies;

. Confirmation of the preferred crossing site;

. Indicative configurations for the crossing, river training works, approach roads, environmental

protection and resettlement; and
. Incremental cost analyses of the alternatives.

This Document reports the work done during the 5 month study period. as specitied in the TOR,
Furthermore, the submission of this Prefeasibility Report provides the loundations of a full Feasibility
Study if is decided to take the project forward.

The documents are presented in a Main Report plus Annexes and this Executive Summarv.

The Study is not required. at this stage, to carry out a formal cost benefit analysis of building the
bridge. This should form part of a future Feasibility Study, as it did for the corresponding Jamuna
study, The objective at this stage is to assess what the configuration (what services the bridge should
carry and in what form) and location of the bridge should preferably be, if it were built. These
questions are complex and closely interrelated. In principle, it is not possible to decide location and
configuration independently.

In deciding these issues, it was necessary to take account of the effect of the bridge. in whichever
location, on the total costs of the transport, energy and communications systems of Bangladesh, The
optimum configuration and location will depend on the balance, for all bridge users, between the
capital and environmenial costs of capacity on the bridge and of access to the bridee. in relation
wider transport systeri operaling cost savings; any additional transport benefits, such as generated
traffic; and energy system operating and cost savings.

RPT - NEDECO - BCL _ 5
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A

2. - THE TRANSPORT BACKGROUND

The mighty Padma River is formed by the confluence of the Ganges and Jamuna Rivers, It is the
shortest and newest component of the Delta of the Ganges-Jamuna-Meghna system. It flows in a South
West to South East direction with a length of approximately 120 lan down to its confluence with the
Upper Meghna. In its short trajectory, the Padma has an average discharge of 88,000 m’/s and caries a
high sediment load. The river can be characterised as a braided river with a number of distinctive
channels, from one to three, with sandbars (chars) in between.

As one of the world's greatest deltas, this river system has historically split Bangladesh into separate
sections. Since independence in 1971, Bangladesh has been divided into three principal parts:

+ the North West zone, bordered by the Ganges and Jamuna Rivers;

« the South West zone, isolated by the Padma and the Ganges Rivers; and

« the East zone, including the economic and industrial centres of Dhaka and Chinagong.

With the completion of the Jamuna Bridge in June 1998, the Government of Bangladesh opened up the
North West to the economic development of Eastern Bangladesh. The Government has simultaneously
demonstrated its ability to manage the preparation and construction of major infrastructure works. This
has set a precedent for the further linking of the various parts of the country.

With the Paksey Bridge the Government is planning to connect North West Bangladesh with South
West Bangladesh. )

The construction of a bndge across the Padma to connect South West Bangladesh to Eastemn
Bangladesh is the last defining step in the unification of the country. This bridge would stimulate the
ecoriomic and social development of the South West, and the growth of the nation’s second major port
at Mongla.

"Two possible locations on the Padma were considered in the preliminary studies for the Jamuna
Bridge, both existing ferry crossings. These locations. Aricha (for a river crossing towards Goalundo):
and at Mawa, were investigated again in the present study, in greater detail..

Road traffic, particularly across the major Jamuna and Padma river crossings, has been increasing
rapidly in recent years, in response to economic and population growth; changes in the patterns of
production; and diversion from other modes. Rail traffic, after a long period of stagnation, has shown
some recent signs of recovery in response to efforts 10 improve efficiency. Nationally IWT carries
arcund a third of all freight raffic and has grown steadily, if undramatically, in line with econemic
growth.

Cross River Traffic Growth (percent p.a.)

Period Bus Truck Subtotal  Heavy | Light Total Traffic
Yehicles Yehicles .

Cross-Jamuna

1979 - 98 ' 10.9 7.9 10.3
1983 -938 9.5 11.4 9.8
1992 - 98 11.3 6.8 8.1 1.1 8.5
Cross-Padma

1979 -98 13.5 12.5 13.2
1983 - 98 . 12.6 15.5 13.3
1992 - 98 17.4 9.2 11.2 22.5 13.7

Source: JBS, BTSS, BIWTC

RPT - NEDECO ~ BCL - . 4
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Substantial volumes of freight and passenger traffic move across the Padma River, by road ferry and
by inland waterway transport (IWT). A Padma Bridge would reduce the time and costs of road traffic
very significantly and, as the experience of the Jamuna Bridge has shown, would lecad to large
increases in road traffic, some of it diverted from IWT. If a rail link were provided on the bridge, it
could also expect to divert traffic from IWT and, to a lesser degree, from road. The balance of trafTic
between the three modes will depend on the location and configuration of the bridge and on the
pricing of transport services, particularly any tolls imposed on the bridge.

Both freight and passenger traffic is currently split between two modes: road and IWT. The
construction of a road bridge would increase the attractiveness of road very greatly. Provided no tolls
are charged, most passenger traffic can be expected to divert from IWT to road, even if over an
extended perjod, as riverside village feeder roads are introduced. Considerable volumes of IWT
freight might also transfer to road. The imposition of tolls at the levels currently levied on the Jamuna
Bridge, however, would reduce the degree of diversion for both freight and passengers considerably.

Road Traffic Forecasts by Bridge Location (vehicles per day)

Year Goalunde Mawa
Trueks Buses Light Total Trucks Buses Light Total
Vehicles Vehicles
1999 1,225 1.017 436 2,667 1.757 2.706 715 5178
Ratio: Bridge to Ferry/ Launch j
1.18 0.66 0.85 0.86 1.70 1.75 .40 1.68
2003 2.054 1.943 833 4.830 2.947 5.171 1.367 5,485
2010 | 3.047 3.033 1.288 7.337 4,370 7.993 2,113 14,476
2013 4,293 4,392 1.883 10.568 6,158 11.691 3.090 20.938
2020 6.030 6,423 2,754 15,227 8.677 17.093 4519 | 30,294
2023 3.525 9,394 4.029 21.948 12.227 25.007 6.609 43.842
2030 12.012 13.740 5.892 31,644 17.229 36.572 9.666 63.468

A road’rail bridge would introduce competition for the IWT freight traftic from rail, particularly for
Jow value and bulk traffics. The railvay might also attract some freight traftic from road. The
railway’s success in atracting such traffic will depend on tariff policy and operational efficiency. The
railway might also compete for some of the bus passenger maffic, depending on the kinds of service

BR chose to operate.

There are _'I"a'rgr: volumes of [WT freight moving into and out of the SW. Most of this traftic is of low
value or bulk commodities, such as jute, construction materials and petroleum products. Infermation
was collected from port authorities and [WT operators in the main river ports of Dhaka, Barisal,
Chandpur, Khulna and hongla to identify the principal movements. This was supplemented by further
interviews with port and shipping companies in other locations to provide a picture of freight
movements by nype of commodity, and the results are included in the report.

The main new investment in the road network that will alter significantly the potential of the Padma
bridge, is the improvement with ADB assistance of Route N8 between Dhaka and Khulna via Mawa
and Bhanga. This road is now at the slage of preparation of detail designs, and it is planned to move
to implementation during 2000. These improvements will be completed well before the Padma bridge

could be built.

With completion of the improvements to Route N8, it is anticipated that the ferry service between
Mawa and Char Janajat would be upgraded to equal that now provided between Aricha and Daulatdia.
Simultaneously the service at Aricha would be likely to reduce to a level similar to that now provided

between Mawa and Char Janajat.

RPT - NEDECO - BCL
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The development of Mongla port is included in the FFYP. New container handling equipment is
planned and maintenance dredging will be implemented.

The situation for rail connections is less clear. There is a functioning Broad Gauge connection to
Daulatdia Ghat, which would permit easy connection to a bridge at Aricha, Connecting to Dhaka
would then involve the construction of approximately 110 km of new BG line, involving bridges over
three sizeable rivers. .

Rail connections to Mawa on the south side of the river would involve new line, There is a closed line
terminating at Talma. If this were still usable, only 71 km of new construction would be required,
although it would be necessary to bridge two major rivers. Otherwise, it would be necessary to build a
new line as far as Faridpur, a distance of 86 km. North of the river, the connections would be shorter,
as the line could link to the existing Metre Gauge line at Narayanganj. It would then be necessary to
dual the Metre Gauge line to Dhaka.

There is little. or no rail traffic between the SW and the NE at present. Connections are difficult as the
planned rail link between Dhaka and the Jamuna Bridge has not yet been completed. There is scope
for attracting bulk traffics currently moving by inland waterways and there may possibly be some
traffic currently moving by road which could use rail, There is also potential for Indian transit traffic
and other international traffic as part of the Trans/Asia Rail Corridor, though the likely volumes are
currently the subject of estimates rather than analysis.

The Padma Bridge proposal comes at a critical stage in the evolution of the transport nenwork iri South
West Bangladesh. Dominated by the river delta, transport in the region has historically been by inland
waterway vessels. This [WT network is now gradually being replaced by road transport, as the road
and the bridges network develops through the delta region. The Padma Bridge will release the growing
potential of this road system to link up with Dhaka and with the remainder of the East and North of the
country. The bridge traffic [orecasts recognisc this phenomenon, and reflect.not just the conventional
road to road potential but the ongoing switch of traffic from longitudinal water transport to the road
network.

RPT - NEDECO - BCL 6
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3. THE ENERGY BACKGROUND

The Terms of Reference were set out in the belief that the SW did net have natural fuel resources and
that the objective of including energy interconnectors on the Padma bridge was to provide less
expensive supplies of energy to the SW. Tt is likely that this situation has been altered by the
discovery, and proposal lo exploit, gas resources at Bhola [sland in the division of Barisal, in the SW.
The Consultants received verbal confirmation of this development. '

The supply of gas in Bangladesh was studied in the Gas System Development Plan in 1995/96 and the
expansion of the total power sector was considered in the Power Sector Master Plan in 1995. Both of
these studies were completed prior to the confirmation of gas reserves at the fields of Shahbazpur and
Sangu, the first off shore at Shangu Estuary in the Bay of Bengal and the second in the district of
Bhola in the SW.

The assessment of demand and of incremental benefits for the energy sector were complex because the
supply of natural gas and of electricity are interrelated, and because of the reports that a Public Sharing
Contract (PSC) partner has submitted the unsolicited proposal to develop gas resources in Bhola

District.

Natural gas is consumed to generate electricity and to produce fertilisers, and by other industrial,
domestic and commercial customers. The annual consumnption of gas in 1996/97 was some 6923
million cubic meters (MCM) or 245 BCF, which represents an increase of 267 percent ever 1984/85,
or an annual growth rate of 8.6 percent.

Some 48 per cent of gas supplies are used to generate electricity (including distribution losses), while
32 per cent is used to produce f'cmh.,erc and 19 per cent is used by industrial, domestie; and

commercial consumers.

All of these consumers are located in the Eastern zone of the country. It is planned to supply gas in
1999 to the NW via the Banghabandhu bridge for electricity generation and femhser productzon
There are no direct consumers of natural gas in fhe SW.

The annual growth rate of consumption by domestic consumers has been some 13 percent, while
industrial users have increased consumption at an annual rate of 9.2 percent. The electricity sector has
increased its consumption at an annual rate of 3.9 per cent, while fertiliser production has absorbed gas
at a rate increasing annually by 4.8 per cent.

The role of a gas interconnector on the Padma bridge would be significant oif there are ample supplies
of gas in the NE of Bangladesh and gas is not available in the SW. Alternatively a gas interconnector
would play a secondary role of providing added security of supply to the system. The interconnector
would not serve a useful purpose when gas supplies {rom lhc traditional ficlds are limited and gas is
not developed in the SW.

The electricity network comprises an Eastern zone which includes all of the area East of the Jamuna,
Padma and Meghna rivers, and a Western zone. The two zones are interconnected by one 230 kV
transmission line which crosses the Jamuna River at Aricha. The Western zone is in turn made up by
the NW and the SW regions which are also interconnected by one 230 kV line, on the Hardinge

bridge.

Total sales of electricity recorded by BPDB in 1996/97 were 9447 GWh, reflecting a loss of 20.3 per
cent with regard to electricity generated. Electricity sales are distributed 77.6 per cent in the East
zone whilst 22.4-per cent in the West zone, and in the West zone sales are distributed approximately
-'equally betwcen the N'W and the SW.

[P A 7
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Some 2.4 million tons of petroleum products were commercialised in 1994/95, equivalent to 104.3
TBtu.

Domestic consumers absorbed 18 percent of this energy, while 11 percent was used for electricity
generation, 48 percent was used by transport, 6 percent was used by industry, and the agnicultural
sector consumed 17 percent. :

The role of a third electricity interconnector would be to provide additional security against failure of
the two East West interconnectors and this is not seen to be required prior to 2015 at the earliest.

The Padma bridge interconnector could have advantages over a second interconneclor at the
Bangabandhu bridge. At the time the need for the second interconnector becomes clear these
alternatives should be evaluated.

The only measures of petroleum product consumption in the SW are the records of imports via the
ports of Khulna and Barisal. During 1996/97 some 770,000 tons were imported. This is equivalent to
33.6 TBtu.

Petroleum producls were used to generate 661 GWh in the SW in 1996/97. At an average efficiency
of 26 per cent this required a fuel input of 8.7 TBtu.

The remaining petroleum products, some 24.9 Tbtu, were consumed by domestic users, by the
rransport sector, by industry and by agricultural users,
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4, THEPROJECT

The engineering aspects of each site have been evaluated by studying the available data on planform
changes of the Padma River as a result of both historical and present day processes. Particular
attention has been paid to bankline recession data and changes in channel patterns, particularly the
thalweg, with time. The approach has been similar to that used earlier by the Consultants for the
Jamuna Bridge Phase 1 and Phase II Studies; the Meghna River Bank Protection Study; and an
“analysis of river processes in the Ganges River near the Hardinge Bridge for the Paksey Bridge
Project, supplemented by the study of the latest available SPOT satellite images of the Padma river.
This has been complemented by the data collected in the framework of the FAP 24 River Survey

Project and EGIS.

In addition, the geological conditions at the confluence of the Padma and Meghna were reviewed to
evaluate the risk of changes in river planform as a consequence of background environmental (eg
tectonic) influences, and their possible effects.

In combination these studies provided insight into possible changes in the course of the rivers at the
sites of the corridors and assisted in selecting the most suitable corridor. A first outline of the river
training works that are required for each corrider, has been determined and preliminary investment
costs estimated. The crossing scheme used for the cost comparison between sites is based on minimum
interference with the river and will use a bridge foundation and superstructure combination which
could be considered to be the least sensitive to the particular site conditions.

The cost of approach links for road, rail, gas and electricity could have a significant influence on tolal
construclion costs and these have been given due consideration in the work of the study team.
Preliminary considerations for each site regarding the risk attached to peak floods, earthquakes, and
collision of river craft with bridge piers have also been taken into account.

All of these aspects together with the river and bridge engineering criteria were compared to identify
the most favourable corridor.

In each of the study areas. the main risks have been identified, minimum accepiable levels have been
set, threats to achieving the minimum acceptable Jevels identified, and mitigation measures proposed.
Areas of residual risk which are not covered by this analysis were identifted.

The ToR lists the Tollowing configurations to be considered:

a) 2 lane road and turmouts

b) 2 lane road with breakdown lane(s)

¢} 2 lane road and turnouts with provision for rail

d) 4 lane road and turm outs

e) 4 lane road and turn outs with provision for rail

f} 4 lane road and turn outs with future provision for rail

Electricity (230kV) and gas (760mm diameter pipeline) were also lo be considered, Furthermore there
was a requirement to investigate the possibility of incremental expansion and stage construction to

satisfy the above configurations.
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From a bridge construction point of view, by the time the various operational and safety issues have
been addressed, the cost of adding turnouts will exceed the cost of adding hard shoulders, The reason
for this is that, although there might be some saving in materials, the construction complexities
introduced by the varying width will lead to high cost penalties. For example, the varying width means
that the precast or prefabricated elements of the bridge will have different weights, This means that the
crane or other handling equipment will not be used consistently to its capacity. Also, the changes in
width introduce design detailing problems which in turn will incur additional costs.

Therefore, for the reasons stated above, the "2 lanes + hard shoulders™ configuration is adopted as the
base case, and the turnout concept is not considered further. The alternatives to be considered then

become:

2 lane road and hard shoulders (or breakdown lane): [Base Case]

2 lane road and hard shoulders (or breakdown lane) with provision for rail
4 lane road

4 lane road with provision for rail

4 lane road with future provision for rail

[ R - N T R O

n all road only cases a centre barrier has been provided. The rail clearance gauge has an overall width
of 4.724m. The geometry for each case has been considered from a functional and safety viewpoint,
and within the national and international context. Gas, electricity and telecommunication cables can be
added to each, without any significant change to the road'rail configuration, as discussed and
illustrated within Annex-D.

The Mawa and Goalundo corridors arc situated on the active recent flood plain of the Padma River
System that lies within part of the Bengal Basin.

The Bengal Basin is located in a seismically very active region and is surrounded by the Himalayan
Arc and Shillong Plateau in the north, Burmese Arc and Aracan-Yoma anticlinorium in the east, and
-Naga-Disang thrust zone in the north-east. The Himalayan and Burmese mountain belts are especially
interesting seismic regions because of being situated between two continental masses: the Indian and
Eurasian plates.

The Consultants are aware of the possible impact of a heavy earthquake on the Padma bridge crossing,
its foundation and the surrounding civil engineering works like river training works and embankments.

Bangladesh has experienced several large earthquakes in the last 130 years. Among them seven have
had a magnitude greater than 7.0. Two of them, the Bengal earthquake in 1885 and the Srimangal
earthquake in 1918, had their epicentres in Bangladesh territory. The major earthquakes that a e ffected
Bangladesh were the Cachar earthquake in 1869, the Bengal earthquake in 1885, the great Assam
earthquake in 1897, the Samangal eanhquake in 1918, the Dubri earthquake in 1930 and Bihar-Nepal
earthquake in 1934.

A preliminary site-specific seismic. study for the Padma crossing appropriate for pre-feasibility work
has been commissioned by the Consultant from BRTC-BUET. The study report is included in Annex-
B, Appendix-B. The estimated maximum horizontal accelerations for the bridge design have been
assessed at 0.125g at Mawa and 0.15g at Gozlundo.
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As with most of the river deposits of Bangladesh, the soils of the Padma contain mica of varying
proportions. The GOB FAP 24, River Survey Project: Mineralogical & Physical Properties of River
Sediments, (Study Report 14, March 1996) showed the percentage mica content of river bed samples
to range between 1% and 22% in the sand size fraction and between 2% and 16% in the silt size
fraction. The pre-feasibility boreholes confirmed the presence of mica in the deposits, and was visually
estimated during logging to range from a ‘trace’ to over 10%. However, this estimate would be 2

" reflection of the sand sized mica particles only and would tend to underestimate the total mica content.
Mica content of the sands at the Jamuna river crossing ranged from less than 5% to in excess of 25%
by weight. '

It is considered reasonable to assume for preliminary geotechnical design of the bridge crossing over
the Padma that the properties ol the Padma sands will not be that dissimilar from those found on the
Jamuna, since; '

o the Padma is partly fed by the Jamuna river system and the river deposits have the same origin;

e a visual qualitative assessment of the mica content of the samples obtained from the ground
investigation suggests the soils to be similar; ;

» also because of the similarity of the grain size of the sand deposits of both Jamuna and Padma.

Therefore similar geotechnical design methods using relationships developed for the Jamuna
crossing will be used. [t is important however that a detailed ussessment of the mica content,
its grain size distribution and its effect on geotechnical properties is made during feasibilip
and detailed design.

From the consultants’ early work on the 1* Electrical Interconnector near Aricha it was clear that 10
avoid failure of foundations due to scour only deep foundations would sutfice. There is no practical
reliable way to prevent shallow foundations being undermined in such a large river with erodible bed
material.

The geolechnical studies for the pre-leasibility study have comprised a number of interrelated
activities

The scope of the investigation in the area of the Mawa corridor comprised three deep boreholes each
of nominal 120m depth and five 40m deep boreholes. Following a review of the Padma River system
it was decided that the Goalundo corridor should also be further investigated. A 120m deep borehole
was drilled on the northeast bank of the Padma about 6.5km downstream of the Aricha ferry ghat to
supplement existing barchole dala in the area. The purpose of this is lo investigate the alluvial deposits
at depth and to enable a comparison to be made of the deposits with those located on the north river
bank at Maswa and those at Anicha.

The ground investigation in the Mawa corridor comprised:

s one deep borehole at each river bank location at Mawa on the north bank (BHY) and Char
Janajat on the south bank (BH3)

. one deep borehole on 2 mid-river char downstream of the Mawa corridor (BH 2)

, -five 40m deep boreholes located on the river banks.

RPT-NEDECO - BCL 1
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The interpretation of the boreholes has shown that whilst detailed correlation of horizons between
boreholes is not possible due to stratigraphic veriation and the large distance between boreholes, there
is broad stratigraphic agreement across the site. The. ground conditions were generally found to be
consistent with that expected from the geological survey map of the area.

The ground investigation showed the presence of extensive deposits of clayey SILT to depths of
39.0m and 31.5m on the north bank river approaches at and upstream of Mawa ferry ghat.

The stratigraphic sequence based on lithology and laboratory classification tests (particle size
distribution and Atterberg limit tests) may be summarised as:

° Unit | - variable near surface deposits ranging from SILT of variable clay and sand content to
very silty fine SAND. Occasional layers of silty CLAY were described. Generally this unit
ranged between 3 and 10.5m in thickness.

° Unit 2 — predominantly a silty, occasionally very silty, fine SAND (typically:<20% silt and
<10% medium sand) with trace mica and ocecasional layers of clayey silt. In BH2 this unit
could be divided into an upper very silty fine SAND unit with occasional deposits of very
sandy SILT (Unit2a) down to -40.6m PWD underlain by a silty fine SAND (Unit 2b). Unit 2a
in BH2 could possibly be a transition deposit fining upstream towards the deep Unit | deposits
encountered in boreholes 6 and 7. The total thickness of Unit 2 was found to range between
64m and 80.5m.

[

Unit 3 - predominantly a slightly silty fine and medium SAND with trace mica (typically with
<10% silt and with traces of fine gravel). This was encountered in all 4 of the 120m deep
boreholes.

It should be noted that the deposits mcludz. traces ot mica, visually estimated during logging o be
rvplcally less than 10%. However, this esnmute w ould bea reﬂecuon of the sand sized mica particles
only and would tend to under estimate the total mica content. VV eny rarely, organic traces and remains
were found in the deposits.

From the analysis of tha liquefaction potential of the river bed materials it can be concluded that
liquefaction could occur up 1o depths of 6m and 9m below scour level for the Mawa and Goalundo
Corridors respectively. It is important that the structures will survive earthquakes and the detailed
foundation design will therefore need to consider potential soil liquefaction and slope failure of the
riverbanks.

Hence there are two fundamental options for foundations of a crossing of the River Padma: either piles
or caissons. The conclusions reached during the Jamuna Bridge studies are equally valid for the Padma
Crossing. Although the consultants used caisson foundations successfully for the power cable crossing
at Aricha, the subsequent advances in large diameter piling changed the prospect for foundations of
major bridges in Bangladesh. The cost comparisons made during the Jamuna studies all showed the
raking stecl pile options to be cheaper than caissons, and that conclusion still holds. Furthermore,
caissons require more time to install, and the risk of major problems during installation is much
greater. A fundamental characteristic of deep cafssons in the micaceous soils of the Jamuna river was
the lateral stiffness. This is of little consequence to a power line, but of immense importance to a road
or rail link,
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As demonstrated during the Jamuna studies, single or multiple vertical element foundations such as
caissons or vertical piles are much more flexible when subject to lateral loads than raking pile groups.
Raking piles embedded into a rigid pile cap at their head have much greater lateral stiffness than those
same piles used as vertical elements. This is because a significant proportion of the horizontal load
will be resisted by axial load in the piles which in turn is resisted by the stiff soils at depth. Vertical
piles loaded horizontally depend for their stiffness on the stiffness of the surface layers of soil, and the
typical loose micaceous bed material in the rivers in Bangladesh offers low resistance. A comparison
in the Jamuna Phase I studies between a 2-pile bent of 2.5m diameter steel piles and a 7m diameter
caisson showed the raked system to be at least six times stiffer than the caisson foundation.

The question of the preferred crossing location from the river engineering perspective is foremost
related to:

- Measures required to keep the length of a bridge limited

- Measures required to ensure that the river will under all circumstances flow under the bridge
or above the tunnel, without facing the risk that an outflanking river channel will attack and
severe the approach to the bridge or the tunnel.

In 1987, when the concepts for crossing the Padma or the Jamuna had to be developed there were few
reference projects. Now, in 1999, not only the Jamuna Bridge, including extensive river training
works, has been completed, but also numerous other studies, particularly those in the context of the
Flood Action Plan, have been carried out. The experience gained in making a design for the Jamuna
Bridge and implementing it, along with the-insights gained with the mentioned other studies will be
used in this phase I study for the Padma Bridge.

While there are quite some similaritics berween the Jamuna and the Padma Rivers, there arc also
differences. Care should be taken in adopting the experience gained on the other projects and in other
studies, It will always be necessary to verify that that experience or insight can also be applied to the
Padma Bridge, and if so, whether some form of adjustment is necessary. While the Jamuna River can
be characterised as a braiding river, the Padma River {s said to be on the transition between
meandering and braiding (wandering river). [ts behaviour is somewhat less erratic than that of the
Jamuna’ River, but that does not imply that drastic changes in the distribution of water between
different river channels does not take place or that bank erosion rates are less <peuacular Comparison
ofsatelhte images taken in various years conﬁm\s thls

The cost of river training works is quite high: t'or the Jamuna Bridge project the cost of nver training
was higher than the cost for the bridye itself. It it is possible to avoid the need for the construction of
river training works on one river bank, then this seems to be a potentially atractive location for a
crossing site. Apart from avoiding the cost of river training works on one of the riverbanks, there are
also advantages in terms of less land acquisition and resettlement of riverine inhabitants. Due attention
should be given to physical possibilities to construct a river training work on the opposite bank.
Construction of such a work in a main river channel should preferably be avoided. Instead a
construction location on char land (whether or not connected to the main land) offers much more
prospects. The length of the bridge will then be a function of the distance between the erosion resistant
riverbank and the char on which the construction of a river training structure would take place.

I the phase | study for the Jamuna Bridge both the mentioned comridors were already considered.
There was only a marginal difference between the scores for the Goalundo site and the Mawa site.
Measured depths and potential scour depths near Mawa were then considered to be higher to be than
for Goalundo. This may have been due to the very narrow (natural) width prevailing at that time near
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Mawa. On the other hand however, near Goalundo one has to deal with the confluence of the Jamuna
and the Ganges, which makes the training of the rivers towards the bridge opening more complicated.

At present there is a preference from a river engineering perspective to choose the Mawa cormidor for
situating the Padma Bridge. The preference for this crossing site is mainly based on:

. Presence of clay on the left bank at the Mawa site '

o - Less complicated current attack patterns at Mawa than at the confluence of the Jamuna and the
Ganges near the Goalundo corridor.

. Negligible disturbance of the flow through the Arial Kahn River,

. Slightly more favourable seismic situation.

The preference for Mawa from a river engineering perspective coincides with the preferences from a
transport economic point of view, '

Tentative layouts for river training works at Mawa and Goalundo are indicated in the attached Figures. |
Note that on the left bank only protection at the approach road to the bridge is indicated. No guide
bund is proposed here, as the river bank at Mawa is apparently not subject to heavy erosion. This is

undoubtedly due to the presence of clayey “wh offers a natural erosion protection. Though the
percentage of clay in the ¢ visnots . iigh, generally not more than 5 to 10 percent, this implies
already a high ernaian - tance when compared to soil that does not contain clay. A bridge opening
of 6000m is ind: his imrlies no or dckwater and constriction scour effects.
Moreover this o: ... e upenung of the Jamuna Bridge (4800m), where
the 1:100 years . weews - ..eumuna) is less (approx. 90,000 m'/s versus approx. 125,000

m¥/s for Mawa,

Experience with distiirbances due to dredging on the Jamuna River shows that a slope of 1V to 6H has
sufficient tolerar . :u undrained disturban  for =" = ‘rhic ento 30m provided that: the dredging is
done in relatively thin faver - 1 no locally steep sections near the tog
is produced; and thers aent time bebween successive cuts to prevent the build up of excess pore
pressures. The « upper Unit 1 at Padma are generally more silty than those at the Jamuna
Bridge site and - .y, therefore 10 be more tolerant to undrained disturbance. On this basis it is
considered that 1V 1o 6H slopes are acceptable from consideration of constructability. subject to
review at detailed design stage, based on the results of further ground investigation and special testing.

A steeper slope of 1V 1o 3.5H should be only acceptable above standard Tow water level,

The precedent of the Jamuna Multipurpose Bridge has provided a unique case hislory and an excelient
experience base for the Padma Crossing. At the same time the consultants have remained alert to the
differences in the prevailing factors. In particular, these differences include an increased ship impact
load and reduced, but still important, scismic effects. The similarity to Jumuna should enhance
confidence in, the conclusions derived for Padma.

. During the study it became clear that a bridge at Goalundo would be the same length as, and so similar
in other respecis to, a bridge at Mawa and that there would be no essential difference in the cost of the
bridge itself. Hence, for the purposes of illustration and design, the levels shown in Annex-D, Figures
D4.1-5 correspond to the Mawa preferred site.
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For major bridges such as the Padma Crossing, design is inextricably linked to construction
techniques. This is because the method of erection affects the distribution of loads in the permanent
structure, and because the structure must be safe at all intermediate stages during censtruction. In the
planning and procurement stages for the Jamuna Bridge the consultants took care to ensure that the
reference designs were underpinned by thorough censtruction planning, This paid dividends in the
form of sound method related cost estimates, and provided tenderers with a springboard from which to
refine their designs. The successful construction of that crossing proved that the assumptions made by
RPT-NEDECO-BCL were realistic. The same buildability and method related zpproach has been.
applied throughout the bridge engineering studies for the Padma Crossing. As the Padma Crossing
corridors are downstream of the Jamuna/Ganges confluence, river access for equipment and materials
will present a lower risk to tenderers; and the successful precedent of Jamuna should boost their
confidence further.

The 230kV electricity interconnector, the 760mm diameter gas pipeline and the telecommunication
cables can be added io any of the configurations, following the principles shown in the attached
Figure.

Discussions with Bangladesh Rail have established that the limiting gradient for Broad Gauge on the
bridge is 0.5 percent as for MG rail on the Jamuna Bridge. This means that approaches to a brdge
including rail will be considerably higher and longer than those for a road only crossing. In fact, the
approach viaducts are approximately 20m high at the ends of the main bridge. Rail viaducts of length
1200m and road viaducts of 270m have been provided at both ends. At the abutments of both the road
and rail viaducts the embankments are approximately 14m high. Diagrammatic elevations of the
bridge end arrangement for options with rail are illustrated in Annex-D, Figure D4.10

A rigorous analysis of river patierns, similar to that carried out to establish the Jamuna Bridge vertical
profile, will be particularly important for a rail bridge. For road-only cases where a maximum 2
percent gradient may be used, the final requirement for vertical profile will be more straightforward.

The substructure comprises piers founded on four large diameter raking piles. For costing. two
alternatives were considered: {irstly, steel piles with concrete plugs near the toe then compacted sand
fill and concrete infill at the top; and secondly, reinforced concrete piles cast inside tull-length steel
sleeves. Recent work has indicated that reinforced concrete piles cast inside a steel tube are both
structurally efficient and cost effective, This was confirmed during this study, and so the reinforced
concrete piles with stecl sleeves were adopled lor the {inal costing.

A segmental prestressed concrete box girder has been adopted for the superstructure, The span length
determined during the Inception stage on the basis of a grealer scour depth was reexamined, but no
reason was found lo change from the 120m adopted previously. It was noted that the span vs cost
curve was fairly flat in the range appropriate for the Jamuna Bridge, and it is of interest to note that the
study of span length vs cost for the Oresund Bridge reflected the findings for the Jamuna Bridge. For
the 7.85km long bridge portion- of that 15.8km crossing, it was found that cost difference in the span
range 100m to 140m was negligible.

It has been assumed for this Phase | study that the precast segments of the superstructure would be
erected wilh a gantry using the balanced cantilever technique.
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Steel/concrete composite box girders could readily be substituted for the PSC box structural form. In
that case, full spans would be erected as simply supported units, subsequently made continuous. The
concrete deck slab could be cast onto the open top steel box prior to erection. Alternatively, the steel
box could be érected with temporary steel bracing in place. In this case, additional permanent steel
flange material would be required over the central portion of the span to support the wet concrete in
the temporary condition.

To get best value from the international construction market will require a set of design criteria which
" allows as much freedom as practicable to tenderers and their designers, but which imposes those
constraints necessary to ensure a safe, durable and maintainable structure.

Incremental expansion from a 2 lane road bridge to a 4 lane road bridge could be achieved by
extending the cantilevers and adding tubular steel or precast concrete props. Probably the most
efficient way of constructing the extension to the cantilevers would be by precasting monolithic
segments of deck and parapet, These precast units would be integrated with the stage one concrete
using in situ concrete stitches both longitudinally and transversely. The extension.could be prestressed
onto the stage one deck by coupling to the stage one prestressing and reinforcement could also be
connected using coulpers. Some prestressing could be applied longitudinally within the parapets if
required to avoid cracking, especially over and adjacent to the piers.

Certain day one provision would have to be made, including: a facility for adding longitudinal external
prestressing to the box girder (ie anchorages and deviator blocks): thickening of the deck slab to
accommodate couplers; and base supports cast and reinforced as protrusions on the face of the web of
the box girder,

A similar approach could be adopted to move from the 2 lane road + BG rail to a 4 lane road + BG
rail, but the need for development of this option has been precluded by system considerations alone.

The approach viaducts would be widened by adding piles, extending pilecaps, adding columns,
exie__ndirig the c_'ro'sshcad beamaaddihg a further prestressed beam and extending the deck slab.

Major sections of the national road network have been or are being rehabilitated/improved with the
financial assistance of WB, ADB, OECF, DANIDA. DFID etc on both sides of the river Padma. More
projects are in the pipeline for implementation in near future. One of the most relevant is the Third
Road [mprovement Project, now renamed as the South West Road Network Improvement Project.
which is at detail design stage. The physical work is planned to start by April 2000 under ADB
funding. This road once completed will provide a direct connection from the Mongla Port/Khulna &
Barisal region to the capital city of Dhaka, via the hMawa crossing. The expected date of completion is
June 2003. This single project will have a major influence on the transportation system in the SW
region, and therefore needed to.be considered with imporiance in planning any future road linkage to
the Padma crossing or the location of the crossing itself.

The Base Case comprises a 2 lane'road with hard shoulders and a centre barrier, For configurations 2
and 4 the cost estimate in relation to BG rail at day one includes the cost of the full strength in the
main bridge substructure, superstructure, the approach viaducts and the track bed and the tracking.
Beyond the approach viaducts, the cost of rail is included in rail approaches, not in the project cost.
The layout of approach roads is consistent with the presence of rail at day one,
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The objective has been to connect the Bridge to the national highway network as economically as
possible, consonant with minimum disruption to settlements and the environment. As the north bank is
in close proximity to the ferry ghat, this entails a direct approach road connection of a little over 2km.
The south approach is some 12km long, the ferry ghat being approximately 8km upstream of the
Bridge end, and the alignment unfavourable to the desired direction of the road.

On the south bank there is sufficient space to provide a desirable flowing alignment, the only
constraints being the waterways. However, the final alignment of the RIP III N-8 project and its
crossing of the Arial Khan wil| determine the point at which the approach road joins the N-8, and the -
alignment shown is of a temporary nature. On the north bank there is limited room for manoeuvre due
to the short connecting distance to the existing road.

In accordance with the Terms of Reference, a tunnel option alternative to a bridge has been
investigated. The tunnel study has addressed the base case configuration of a 2-lane road with hard
shaulders, with a kerb-to-kerb carriageway of 10.5m. An emergency walkway has also been provided
for the use of stranded users in the case of vehicle breakdown or for access by operation and

maintenance personnel,

Due to the highly variable bed profile of the Padma river, where the predicted general scour depth can
go down to =38 PWD, ie.45m below water level, an immersed tube tunnel {s not considered suitable
and is not investigated further.

'A single bored tunnel for two-way traffic with a minimum cover equal to one tunnel diameter is
considered. For the predicted scour depth, the tunnel invert would need to be at a leve| of ~64mPWD
or below, and the tunnel length would be in excess of 13km, These parameters place a Padma tunnel
beyond what has been constructed to date. The key issues of buildability, operation and maintenance.
and safety of a | 3km tunnel at a depth of ~64mPWD are addressed,

With the precedent of the Trans-Tokyo Tunnel project, and the ground conditions at the Padma River
Crossing being favourable for slurry shield tunnel technology. the construction of a tunnel is
considered to be technically feasible.

The recent accidents in the European road tunnels have brought into focus the critical issue of safery in
the operation of road tunnels. Under normal operating conditions the tunnel needs to be ventilated to
remove the exhaust and poisonous gases and the same ventilation system can be used to control the
spread of fire. Alternative ventilation systems are described in detail below. The risk ol accidents and
fire must be minimised and appropriate measures need to be put into place to allow cvacuation to be
effected with minimum loss of life. For an efficient and effective evacuation, discipline in the road
user is essential if panic and chaos, which inevitably leads to loss of life, is to be avoided. The road
users in Bangladesh are generally not accustomed to driving through tunnels and as such there is a
“serious risk of accidents occurring in the road tunnel.

For a Padma tunnel, the indicative lower-bound cost has been estimated as follows:
The aii-in construction cost of $140M per km of a single bore (based on Tokyo Trans Bay out-turn

cost) may be increased to allow for inflation to $150M/km for the Padma crossing. The river training
works will be common to both bridge and tunnel schemes.
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PADMA BRIDGE FEASIBILITY STUDY PHASE - | DRAFT FINAL REPORT ~ EXECUTIVE SUMMAR'Y

JAMUNA MULTIPURPOSE BRIDGE AUTHORITY OCTOBER 1999
Out-tum cost for Tokyo Trans Bay Tunnel - USS 140 million/km
Update for inflation USS 10 million/km
Allow for additional risk and mobilisalion overseas (20%, say) USS 30 million/km
Total ) US$ 180 million/km

Then capital cost for 13km Padma Tunnel Crossing (excluding river training works) would be:

13 x USS 180 million = USS 2,340 million

The consultants’ cost estimate for the main bridge element (equivalent to the tunnel) for a 2-lane
bridge scheme amounts to less than US$ 400m,

A coarse costing exercise indicates a large factor between the cost of a tunnel compared with that for a
bridge. Even allowing for very large tolerances in these estimates (associated with, for example,
inflation, changes in design paramelers and design development) it is abundantly clear that a the cost
of a tunnel will far exceed the cost of a bridge. This high cost premium, combined with the major
construction, programme, operation and safety risks associated with a tunnel lead the consultants to
recommend that this option should not be pursued further in this study.
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