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CONSTRUCTION OF TAUN SA BARRAGE
REHABILITATION PROJECT WORKS

S.M.A. Zaidi*, M. Akhter Chaudhry® & Malik Ahmad Khan®

SYNOPSIS

Taunsa Barrage soon after its construction in 1958 ran into multiple
problems and some routine and extensive repairs were executed during 1959 -62 but
problems were not solved. Punjab Government constituted committees of expertsi n
1966 and 1973 but no specific measures, except construction of some river training
works were taken to address the problems that continued to aggravate.

Finally, a feasibility study for rehabilitation of Taunsa Barrage was got
prepared, which recommende d the rehabilitation of the Barrage and some new works.

Consequently, the World Bank indicated their willingness to finance the
Project in April 2004 and the Taunsa Barrage Rehabilitation Project was put on fast
track and execution of construction works was implemented from June 2005 to
December 2008.

This paper presents a detailed introduction to the construction contracts,
details of construction of civil and M & E works, quantities of major items of civil
works, problems faced, bottlenecks, and constr aints encountered during the
construction phase and lessons learnt from the project.

INTRODUCTION

The Taunsa Barrage, built across Indus River, is located at about 16 Km
north -west of Kot Addu town in Muzaffargarh District. The canal system fed by the
Barrage consists of Muzaffargarh, DG Khan and T.P.Link canals. Total Command
Area of the Barrage is 2.35 million acres falling in the districts of Muzaffargarh,
Layyah, DG Khan, and Rajanpur. It also feeds Taunsa Panjnad (TP) Link for
meeting serious shortag es in Punjnad canals.

Taunsa Barrage is more than a conventional Barrage because it not only
regulates irrigation water supply but also a ccommodates important transportation
and energy infrastructure such as a trans Indus rail road crossing for direct ra il
link between areas on the left and right banks of Indus River; an arterial road
bridge; an oil pipeline of PARCO, a natural gas pipeline of SNGPL and two EHV
transmission lines of WAPDA/PEPCO.

1 Project Manager, Punjab Barrages Consultants & Associate, National Development Consultants.
2 Head PMO for Barrages, Irrigation and Power Department, Punjab.

3 Chief Resident Engineer, Taunsa Barrage Project.
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The Barrage soon after its construction in 1958 experienc

ed multitude of

problems involving excessive sedimentation in the D. G. Khan canal, damage to

friction blocks,

excessive

retrogression of D/S water

levels, choking and

malfunctioning of large number of pressure pipes, deterioration of gate facilities,
defects in the hoisting mechanism and excessive water leakage from gate
structures. Some repairs to the D/S skin concrete and friction blocks were carried
out as early as in 1959. More recently, damages were restored in 1986, 1994, 1998,
and 2003.

Punjab Government constituted committees of experts in 1966, 1973 and
1999 but no concrete measures, except provision of some river training works and
routine maintenance, were taken to rectify the defects. The defects, therefore,
multiplied.

IDENTIFICATION OF PROB.EMS AND PROPOSED REMEDIAL WORKS

Finally a feasibility study conducted by Punjab Barrages Consultants (PBC),
a joint venture of NDC and NESPAK in association with M/s Atkins (Global) of UK,

confirmed the need for an immediate rehabilitation of the Barrage

designed functions in July 2004. The feasibility study was also reviewed by an
International Independent Panel of Experts (POE) comprising international and
national experts. Table -1 lists the problems and proposed solutions in an annotated

form.
Table -1: Problems and Proposed Remedial Works
ST Problems Associated with Proposed Remedial Works/Solutions
# the Barrage
1. | Retrogression of levels on the Construction of a subsidiary weir 925 ft

D/S of Barrage and
consequential issues

D/S of the Barrage to raise tail water
levels to safe values.

pressure pipes and mal -
functioning of the remaining
20%

2. | Repeated damages to stilling Grouting of leaking concrete and cavities
basin appurtenances including in or underneath the D/S floor, re moval of
rupture of skin concrete and existing shattered skin and re -laying of
leaking joints of mass concrete. | new concrete overlay with nominal

reinforcement.

3. | Sedimentation problems in DG Construction of silt excluder in the U/S right
Khan canal pocket, raising crest of head regulator.

4. | Repeated subsidence of the Provision of a proper filter and effective
backfill of left and right flared seepage control.
out walls on the downstream.

5. | Choking of about 80% of Provision of vibrating wire piezometers in

10 bays of the Barrage and 7 rows in the
new subsidiary weir.

to restore its
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Sr. Problems Associated with

Proposed Remedial Works/Solutions
the Barrage

Problems associated with gates | Replacement of undersluice gates.
structure, their operation, and

. Rehabilitation of main weir gates.
hoists

Replacement and rehabilitation of Canal
Head Regul ators Gates.

Electrification of existing hoists

Automation of gates with Central Control
System for better regulation of flows.

PROJECT FORMULATION AND FINANCING

PC-1 Form of the Project was approved by ECNEC on December 07, 2004. In
May 2005, the Worl d Bank (IBRD) helped to launch the construction phase of
Taunsa Barrage Rehabilitation Project with a loan of Japanese Yen 13.10 billion
(US $ 123 million equivalent). Similarly, in April 2005, JICA (Japan International
Cooperation Agency) agreed to provid e a grant of Japanese Yen 4.98 billion for the
Project. The GOPunjab contributed Rs 857.86 million for the Project. Total
approved cost of the Project was Rs 11,232.38 million as contained in the revised
PC-1 approved by ECNEC on August 26, 2006.

PACKAGING OF CONSTRUCTION WORKS

It was agreed between the Government and the World Bank (WB) to procure
construction works of the Project through International Competitive Bidding
procedure. Civil works were packaged into a single Contract named ICB -01
Contract, while M & E works were divided in to two components i.e. the WB
financed and JICA funded works. The former was designated as ICB -02 Contract
and the latter was divided into 4 Contract Packages (CP), namely CP 1 to 4. A brief
description of scope of work of these Contracts is as under:

1. ICB-01 Contract included:

e Construction of a 4,346 ft long subsidiary weir 925 ft D/S of the
Barrage

e Protection works U/S and D/S of the subsidiary weir

e Provision of two fish ladders and a navigation lock along w ith gate
equipment

e Grouting of cavities under the D/S floor of the existing Barrage

e Strengthening of Barrage glacis and stilling basin floor

e Improvement of drainage behind flared out walls of the Barrage

¢ Remodeling of existing fish ladders and navigation bay of the Barrage
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e Construction of silt excluder in the right pocket

e Remolding of DG Khan canal head regulator

e Installation of Piezometers in the main Barrage and subsidiary weir.
2. 1CB-02 Contract comprised:

e Replacement of righ t undersluice gates in Bays # 62 -65

¢ Rehabilitation and increasing the height of main weir gates in # 31 to
65

e Installation of guide frames for bulkhead gates in Bay # 31 to 65
¢ Rehabilitation of Muzaffargarh canal gates

e Replacement of TP Link an d DG Khan canals gates

e Replacement of existing hoists with electrically driven hoists

e Automation and communication system for operation of all the gates of
the Barrage and canals and gauges.

e Supply of workshop, survey and discharge monitoring equi  pment
3. JICA Component Contracts CF1 to CP-4
e CP-lenvisaged:
e Replacement of 7 left undesluice in Bay No. 1 -7

e Rehabilitation and increasing height of 22 gates of the main
weir in Bay No. 9 to 30

¢ Installation of guide frames for bulkhead gat esin Bay # 1 to 30
¢ Replacement of hoists and superstructure deck
e Electrification of gate hoists.

e CP-2, Supply of five bulkhead gates

e CP -3, Procurement of two tug boats and three working boats

e CP-4, Supply of one 50 ton truck crane

5.1 Detalls of Construction Contracts

a) The WB Financed Contracts

The procurement for civil works i.e. ICB -01 Contract was initiated in July
2004 with a notice for Invitation for Prequalification in the press and the World
Bankd&s Busi ness n e wapplidnts|, ihcuding mdividial fiems emd
joint ventures (JV), from different countries applied for prequalification. Five
applicants qualified for bidding of civil works. The Letters of Invitation (LOI) to
purchase Bidding Documents were sent to the pre -qualified bidders. A pre bid
conference was held on 17 December 2004. Out of 5 pre -qualified bidders, 4
submitted their Bids. The Bids were opened on 14 January 2005.
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JV of M/s Descon Engineering Ltd (DEL) and M/S China Gezhouba Water &
Power Group Cor poration Ltd (CGGC), was declared as the commercially lowest
evaluated bidder. Letter of acceptance (LOA) for ICB Contract -01 was issued to JV
of DEL -CGGC by Head PMO for Punjab Barrages (the Employer) on 12 April 2005.
Notice to commence the work was issu ed by the Engineer on 10 May 2005.

The procurement process for M & E works was initiated in April 2005 with
publication of a notice for Invitation for Prequalification in the press and the World

Bankds Business news Bul |l et i n. prdflakficatgon
documents but only eight firms/JVs from different countries applied for
prequalification. Out of eight applicants, six firms/JVs were pre -qualified. The LOI

to purchase Bidding Documents for ICB Contract -02 was sent to all pre -qualified
firms/JVs. Only 4 firms/JVs purchased the Bidding Documents and submitted their
Bids: A pre -bid conference was held on 22 December 2005. The Bids were opened on
09 January 2006.

M/s China National Electric Wire & Cable Imp./Exp. Corporation (CNEWC),
China was declared as the commercially lowest evaluated Bidder. LOA was issued
to M/s CNEWC, China by Head PMO for Punjab Barrages on 11 August 2006.
Notice to commence the work was issued by the Engineer on 29 August 2006.

b) JICA Funded Contracts

JICA ma naged procurement process of CP -1 to 4 and for these Contracts, the
Consultants, the Contractors, Suppliers and almost all the materials were procured
from Japan under the grant aid agreement.

5.2 Consultancy Services for Construction Supervision

M/s PBC who had provided services for feasibility study and detailed design
of Taunsa Barrage, were selected by Irrigation & Power Department and the World
Bank to provide construction supervision services ICB  -01 & 02 Contracts, based on
FIDIC Form of Contract, fi nanced by the WB. Project Manger -PBC was designated
as Othe Engineerdé for administration of

A consortium of M/S Sanyu Consultants Inc. and Yachiyo Engineering Co.
Ltd, Tokyo, Japan provided consultancy services for part of the Project  financed by
JICA.

6. CONSTRUCTION PROGRAM

Overall duration of construction phase was fixed as 48 months.
Implementation schedule for various construction Contracts was based on this
timeline keeping in view sequence and timing of different activities and mandatory
schedule constraints such as annual flood season and canal closures. Table -2 gives
duration of each of the Contract along with other salient data.

t

appl i

he t
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Table -2: Salient Data about Construction Contracts

Contract .
Sr. Name of Contrac t Contrg ct Price Stlpulatgd
Contract . Duration . Completion
# Contractor Signed (days) (Rsin Date
Million)

1. |ICB-01 JV of M/s 27 May 1,092 4,866.34 | 05 May 2008
Descon 2005
Engineering
Ltd Pakistan,
and M/s
CGGC, China

2. |ICB-02 M/s CNEWC, 09 Oct. 850 1870.56 | 26 Dec. 2008
China 2006

3. |CP-1 Consortium of 19 Nov. 1,200 1,987.39 June 2008
Kurtimoto Ltd 2005
and Taisei
Corporation,
Japan

4, | CP-2 Marubeni 17 Nov. 450 400.26 June 2008
Corporation, 2005
Japan

5. |CP-3 Marubeni 02 Dec. 480 74.06 June 2008
Corporation, 2005
Japan

6. [CP-4 Mitsubishi 02 Dec. 390 32.01 June 2008
Corporation, 2005
Japan

a) ICB01 Contract

Tender schedule for ICB -01 Contract was based on three years duration with
rehabilitation of Barrage to be executed in three stages and construction of si It
excluder in two stages. But based on the re -assessment of site conditions, the
Contractor modified his baseline schedule to execute the under water works in two
stages with deployment of more resources and working round the clock. The

baseline schedule was prepared by using primavera project planner (P

-3) software.

This baseline schedule was approved by the Engineer and followed by the
Contractor. Progress updates were submitted by Contractor on fortnightly basis and
under water works were completed acco rding to approved baseline schedule by July,

2007.
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b) ICB02 Contract
The baseline schedule was prepared by using P -3 software. This baseline

schedule was approved by the Engineer and followed by the Contractor. Most of the

mechanical works were comp leted by June 2008 and all the works were executed
within the stipulated period by 24 December 2008.

Figures 1&2 depicts construction schedule of ICB
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7.  CONSTRUCTION OF CIVIL WORKS

7.1 Mobilization of Contractor

The Contractor started the mobilization at site from 18 May 2005 and
construction site for project works was handed over to the Contractor on 28 May
2005. As part of project mobilization, the Contractor constructed his camp
comprising site office, staff residences A, B and C Type (6 blocks), two mess halls,
recreation hall, mosque, site laboratory, labor dormitories (6 barracks), canteen and
toilets, E & P workshops, material storage facilities, and pre -casting yard for
manufacturing of PCC blocks. Three concrete batching plants (installed capacity of
160m3/hour) and a crushing plant were also installed by the Contractor for project
works. Totalcover ed area of Contractordos camp facild.i
the camp facilities including furniture and fixtures were handed over to the
Employer on completion of the Project.

The Contractor, instead of using unreliable WAPDA power supply, used
diesel generators to meet his power generation requirements. This arrangement
worked very well for a smooth execution of works with round the clock availability
of electricity. For this purpose the Contractor purchased 18 generators and rented
another 8 with capacity ranging from 60 to 365 kVA. The total power generated by
the array was 4.96 MW at a power factor of 0.8.

7.2 Construction Works
Civil works under the project can be divided into two main categories:
I.  Strengthening of the existing Taunsa Barrag e.

ii.  New works involving construction of a subsidiary weir with centre of
crest placed at 925 ft D/S of the Barrage gate line.

o Strengthening of the Existing Barrage
These works included:

a) Rehabilitation/improvement of the D/S glacis of the crest  block and the
stilling basin.

b) Installation of sill beams in Bays # 31 -65 of the Barrage

c) Installation of stand pipe and vibrating wire piezometers

d) Remodeling of existing fish ladders

e) Improvement of drainage behind flared out walls of the Ba  rrage
f)  Construction of silt excluder in the U/S right pocket

g) Remodeling of DG Khan Canal Head Regulator, including installation
of sill beams in Bays # 01 to 07

h) Relocation of outfall reach of escape channel of DG Khan Canal silt
ejectors
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Construction of Subsidiary Weir and Allied Works

These works comprised construction of:

a)

b)

C)

Main body of subsidiary weir, including installation of stand pipe and
vibrating wire piezometers

Flared out walls, abutment walls, fish ladders on both right and left
sides and navigation lock including gate system

Extension of D/S Guide Banks

The above mentioned works were accomplished in two Stages. In Stage -01,
works located in right half of the Barrage, while in Stage  -02 works within left half
of the rive r prism were completed. During Stage -01 following permanent works
were accomplished:

Strengthening of existing Barrage stilling basin in front of Bay No. 65
to 32

Installation of sill beams in Bays # 31 -65 of the Barrage
Remodeling of existing rig ht fish ladder
Construction of Silt excluder in U/S right pocket

Remodeling of DG Khan Canal Head Regulator, including installation
of sill beams in Bays # 01 to 07.

Relocation of tail reach of outfall channel of DG Khan Canal silt ejectors
Construction of subsidiary weir from RD 0+000 to 2+173

Construction of right fish ladder including installation of regulating
gate system

Extension of D/S right guide bank

Stage-02 works, consisted of the following permanent works:

Strengthening of existing Barrage D/S floor in front of Bay No. 01 to 31
Remodeling of existing left fish ladder

Improvement of drainage behind flared out walls of the Barrage
Construction of subsidiary weir from RD 4+346 to 2+173

Extension of D/S left guide bank

Construction of navigation lock and fish ladders including installation
of regulating gate system.

Construction details of different components of civil works are introduced in
the following sections:

7.3 Care and Handling of Water

For execution of civil works, temporary works were required and these were
grouped under care and handling of water. Construction of cofferdams, un  -watering
of cofferdam enclosures, installation & operation of dewatering system to keep the
sub surface water levels (SSW L) at required depth i.e. 2ft below the concrete bottom
level and any other item of work to keep the construction area clear of water were
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included under care and handling of water. Protection of completed works during
flood was also part of temporary wor ks. The Contractor was responsible for design,
construction and maintenance of these temporary works, which were dismantled
after completion of civil works under the Project.

The total length of cofferdams was about 8.99 Km, out of which
approximately 4. 45 Km was constructed for Stage -01 works and remaining 4.54Km
for Stage-02 works. During Stage -01, cofferdams were constructed from Bay No. 65
to 26, while during Stage -02 cofferdams covered Bay No. 1 to 40. Cofferdams
comprised a trapezoidal section of si It and clayey material embankment with stone
protection and steel sheet piles on water side to reduce seepage into the working
area. AU-14 type sheet piles (40 ft long) were driven in cofferdams and were
removed on completion of permanent works. About 2,21 9 sheet piles weighing 2,184
tons were used for this purpose. A typical cross -section of cofferdam for subsidiary
weir had a top RL of 433 to 434 and top width of 30ft. The supportive stone pad was
generally 12 ft wide on the top with side slope of 1:1.

7.4 Strengthening of the existing Barrage

After construction of cofferdams, un -watering, and lowering of groundwater
table in the enclosures, the sequence of activities for strengthening the D/S glacis
and stilling basin of the Barrage in a typical Bay wer  e:

a) Removing the overburden i.e. sediment laying on the floor

b) Dismantling of impact and cubical blocks

c) Drilling grout holes and installation of packers

d) Grouting of drilled holes

e) Breaking the top layers of concrete and clearing the debri s
f)  Drilling holes and fixing of Rawl Bolts (120 to 210 per bay)

g) Installation of Piezometers

h) Placing of drainage pipe system, installation of formwork, dowel bars
and water stops

i) Fixing of reinforcement bars
j) Concreting and surface finis h
k)  Stripping of formwork
[) Curing of Concrete
An account of the execution process of some of the important activities

associated with rehabilitation of the D/S glacis and stilling basin of the Barrage
follows:

7.4.1 Drilling and Grouting Works

Removal of wet earth/sediment (1,357,500 Cft) and dismantling of the
existing impact blocks on the D/S floor of the Barrage preceded drilling and
grouting works. Grouting works included consolidation grouting of the existing
concrete floor in all right undersl uice Bays, contact/fill grouting or interface
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grouting of the voids between mass concrete and foundation material and grouting
of PVC drain pipes (perforated and blind) placed under the newly constructed
concrete floor from Bays # 01 to 65 to arrest and d rain out seepage water and to
ensure dry working conditions during concrete placement.

PVC Drain Pipes used under D/S Floor of the Barrage to remove Seepage
Water and Laying of Rebar in Progress for Strengthening of the Barrage
Stilling Basin.

a) Drilling of Grout Holes

The grout holes were arranged in grid pattern and in rows to achieve
coherent grouting zone, with grout holes spacing of 13 to 14 ft. and rows spacing 25
to 28 ft. Owing to limitation of old brick formwork, bore holes were drilled t hrough
the old concrete slab (acting as grout cap) from toe of D/S glacis to D/S limit of
concrete floor for main weir Bays # 09 to 61 to a depth of 8 ft and for left and right
undersluices i.e. Bay # 01 to 07 and 62 to 65, the depth varied from 5 to 9 ft. Each
panel for main weir section in general had two grout holes, one for injection and one
as vent. For undersluice Bays three holes per panel were drilled, two for grout
intake and one as vent -

b) Grouting Materials and Mix Proportions
Fine river sand , clay, hydrated bentonite, OPC, and water were the principal
materials used for grouting. The grout compositions were as under:

e The grout composition for consolidation and pipes/trenches fill grouting
was cement based. Whereas for grouting of voids/ch annels in the
foundation clay -cement based mix was used. Water cement (W/C) ratio
of the mix for consolidation grouting varied from 2:1 to 1.7:1. A W/C
ratio 0.6:1 to 0.8:1 was adopted for the grouting mix used for filling of
drain pipesl/trenches.

e The grout mix for contact grouting generally consisted of 30 to 35 %
fine river sand, 50 to 55 % clayey silt/silt (passing 200), 10 -15 % OPC,
1% to 1.5% hydrated bentonite, water silt/clay ratio generally ranged
from 2:1 to 1.5:1 by volume with viscosity of th e mix corresponding to a
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MARSH, time 35 to 45 sec. Occasionally fine to medium sand was
added as a filler material when large amounts of grout were being
injected into extensive voids in order to maintain preserve the
foundation alluvium characteristics.

An Independent International Panel of Experts (POE), which inspected
construction works of the Project during October 2006, suggested that the
composition for contact grouting should be river sand and cement instead of silt. It
would provide better founda tion material. The composition of grout for consolidation
grouting should have W/C ratio of 2:1 by volume. The suggested proportions were
tested and the most appropriate composition was used as explained earlier.

c) Grout Injection Process

A grout plant comprising a mixer, agitator, and plunger pump was used for
injection of grout mix into the drilled holes. The grouting was performed in single
stage with grouted sections being 2 to 6 feet long. The injection rate for fill grouting
varied from 30 to 40 | iter per minute. The effective pressure for fill grouting was 4
to 5 psi, which is less than 1 psi per vertical ft of concrete thickness. The gross
pressure was 8 to 10 psi after countering hydrostatic pressure of groundwater. The
injection pressure was me asured at the header pipe generally placed near the grout
hole. Grouting was continued until refusal was reached or vent flow started.

d) Quantities of Drilling and Grouting

Total length of boreholes (2 inch diameter) drilled for grouting of D/S floor of
the Barrage was 72,520 inches and a total of 24,458 Cft grout was injected in these
holes. Maximum grout was injected in Bay # 07, which amounted to 1,034 Cft, while
Bay # 33 consumed 1,022 Cft of the grout mix and minimum of 13 Cft grout was
consumed in Bay # 57. Bar chart in Figure -3 shows quantity of grout injected in D/S
floor of each Bay of the Barrage. After grouting and removal of packers, the grout
holes were plugged with epoxy concrete.

( )
Grout Mix Injected in the D/S Floor of the Barrage
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Figure 3: Quantity of Grout Mix Injected in D/S Floor  of the Barrage
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~o

Drilling of Grout hole in Progress Installation of Mechanical Packer
by Percussion Method. in Grout hole before Fill Grouting.

7.4.2 Preparation for New Concrete Overlay

Breaking and removal of top layer of the existing reinforced co  ncrete skin and
lean concrete beneath in the stilling basin of Bay No. 01 to 65 was done with
hydraulically operated and excavator mounted hammers and chisels.
Removal/cleaning was done through, excavators, front end loaders and manual
labor. In the D/S gl acis only the 1 ft thick reinforced skin concrete was dismantled
and the lower layers were left as they were, because these were constructed as
stepped block construction, breaking of which to the required line and grade could
pose structural safety proble ms.

To ensure proper bond between old and new concrete layers Rawl Bolts were
installed both in the D/S glacis and stilling basin of the existing Barrage. In the
former 2.5 ft long and in the latter 4.5 ft long bolts were used. These bolts were
installed in grids of 8x8ft, 6x6ft and 7x7 ft in different locations as per necessary
requirement. Two inch diameter and 2 ft deep holes were drilled in the base
concrete, the expanding tip placed at the bottom of the hole, tightened through
expansion and the annul ar space between the bolt stem and hole wall was packed
with epoxy concrete. The reinforcement steel bars located close to any Rawl Bolts in
both the bottom and top layers were welded to it to enhance bond capacity. A total
of 3,362 and 4,968 rawl bolts we re installed in the glacis and stilling basin
respectively.

The stilling basin and glacis/crest blocks were designed as gravity floors and
have thus been provided with temperature steel only, but in consideration of
provisions of environmental code # 5 ba rs at 9 inch c/c were provided both ways and
in two layers at top and bottom of the concrete blocks. Total steel reinforcement
consumed was 1,627 tons. Steel bars were continuous across the construction joints.

At contraction or expansion joints, since t he reinforcement bars are
discontinued, tie rods 7.81 ft long and 1.25 inch diameter were provided, with one
e nd (-sbaped)lanchored into one panel and the other straight one enclosed in a
sleeve of 1.75 inch diameter filled with grease to slide freely  to allow relative
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movement of the concrete blocks in horizontal plane and to counter the vertical
differential movement. A total of 3,856 dowel bars and 20,670 running ft PVC water
stops were used for D/S floor of the Barrage.

ERGY_ i =
Dismantling of Old Con crete Layer from Stilling Basin and D/S Glacis
of the Barrage with Chisels mounted on Excavators.

Installed Rawl Bolts, Formwork and Steel Reinforcement in
Typical Bays of the Barrage

7.4.3 Instrumentation for the Main Weir

Instrumentation in the main weir comprised peizometer installation
underneath the structure at critical points for measuring the water levels at these
locations used for computation of uplift pressures underneath the structure to
monitor its physical conditions. Two types of Pei zometers i.e. vibrating wire (VW)
and stand pipe type peizometers were installed under the main weir. These
piezometers were imported from Canada and a brief of each type of the piezometers
is as follows:

a) The VW piezometer (8 inch long & 1.5 inch diame ter with stainless
steel filter ~ 50 microns) has a rigid cylindrical body, enclosing the
sensing element. All parts of sensors other than the wire are machined
from a high -grade stainless steel. A standard internal thermistor
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allows measurement of the te mperature. The piezometer is also fitted
with a surge protector and resists electrical and radio frequency
interference as determined by tests compliant to IEEE and CEI

specifications. The transducer is fitted with several protections against

water intrusi on.

b) The standpipe piezometer (length 6 to 12 inch, 3 inch diameter, plastic
filter ~ 50 microns) consists of a porous plastic filter inside perforated
rigid PVC body and is used with rigid PVC riser pipe. Water enters the
riser until water pressure in  side the filter equals the water pressure in
the soil. The filter is located in a sand intake zone at the location
where the residual pressure is to be monitored. The bentonite pellet or
chip seal is placed over the sand intake zone and the remaining
borehole is backfilled with non shrink grout.

Under the main Barrage, 10 rows of piezometers with 6 VW and 1 stand pipe
in each row were installed in Bays No. 3,14,19,23,27,40,46,51,59 & 64. Total
number of VW and stand pipe piezometers installed underneath th e main Barrage
is 70 and 10 respectively. In each row, one piezometer each have been installed
along both faces of three sheet piles lines and one VW and one stand pipe
piezometers in almost middle of the stilling basin floor. All Piezometer are 1.5 ft
below the concrete bottom in coarse sand at each point. Terminal house containing
transmitter is located at pier between Bay # 29 & 30 of the Barrage. All the
piezometers have multiplexer cum terminal and switching boxes installed in the
recess at D/S of the piers at deck level while recess at pier No. 30 has sense -log-
cum-transmitter for manual readings. All the piezometers have connections to
terminal room, which ultimately extend to main instrument house.

Core Drilling in Progress for Installation of Piezometer in
Installation of P iezometers Bay # 40

underneath the main weir
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7.4.4 Grades/Classes of Concrete

The following grades (classes) of cement concrete were used for the project

works
Sr Grade Comp strength Location of Remarks
# Class @ 28 days psi Use
(@) A 4000 Stiling basin  |SOUrse aggreg
L down
. Course aggreg
(b) AA 4000 Barrage glacis down
(a) B 3000 All works Course aggreg
5 down
(b) BB 3000 All works Course aggreg
down
3 C 2500 Rarely used Course aggreg
down rarely used
4 D 2000 Blinding Layer [11J6 down
5 E 1500 Crest block/fill 1136 down
concrete

7.4.5 Concreting of D/S Floor of the Barrage

Specially designed and manufactured forms of steel sheets were used for
concreting. The compressive strength of concrete was 4,000 psi and its mix design
was prepared in accordance with the provisions of ACI code 211.1 -91. Table -3
shows mix proportions and compressive strength of various classes of concrete used

in the Project works.

Salient Data about Concrete Mix Design
Mix Proportions by Weight for Different Classes of Concrete /m 3

FINAL MIX DESIGNS

Class A Class AA Class B Class BB Class C Class D Class E
Agg. Size % Used (4000 (4000 (3000 - (2500 (2000 (1500
. - - (3000 psi) ; : :
psi) psi) psi) psi) psi) psi)
Total Wt. of CA 1204.85 1090.88 1204.85 1090.88 1204.85 1204.85 1204.85
1136 45% 542.2 - 542.2 - 542.2 542.2 542.2
Jo 35% 421.7 654.5 421.7 654.5 421.7 421.7 421.7
v 20% 241.0 436.4 241.0 436.4 241.0 241.0 241.0
Sand (Kg) 672.7 725.1 741.3 792.6 843.2 847.0 903.7
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FINAL MIX DESIGNS

ClassA | ClassAA | ClassB Class BB Class C Class D Class E
Agg. Size % Used (4000 (4000 (3000 (3000 psi) (2500 (2000 (1500
psi) psi) psi) P psi) psi) psi)
Total Wt (Cement + Slag) 360 360 280 300 225 200 175.0
Cement (Kg) 252.0 252.0 196.0 210.0 157.5 140.0 175.0
Slag (Kg) 108.0 108.0 84.0 90.0 67.5 60.0 0.0
Free Water + Absorption 172.9 190.7 174.8 185.9 155.7 162.2 153.3
(Kg)
Plasticizer (gm) 4320.0 4320.0 3135.0 3600.0 2250.0 2200.0 0.0
Air Ent Admixture (gm) 187.5 187.5 150.0 - 67.5 60.0 0.0

The concrete was laid in panels in one go and full thicknesses. The machinery
used as usual comprised, batching plants and suppor t machinery, like transit
mixers, super swingers, mobile and static concrete pumps and other related
equipment like vibrators etc.

A total of 1, 119,635 Cft of Class -A concrete was placed in the D/S floor of the
Barrage. Quality control measures as stipu lated in technical specifications of the
project were exercised at site by the Consultants staff. Forms were stripped after 24
hours of placement of concrete. Surface finishes of the concrete were checked to
ascertain the surface irregularities to be withi  n prescribed limits.

To prevent any significant loss of necessary moisture due to evaporation
during the early period of freshly laid concrete, moist curing and liquid curing
membrane process was used to keep the exposed concrete surface continuously
moist. In case of moist curing, jute bags were removed after 24 hours and concrete
surface was kept moist by covering it with wet sand for 14 days. Liquid curing
membrane (curing compound) was also used for Barrage strengthening works in the
left half.

ARARRRA
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Placing New Concrete for D/S Floor of the Barrage. Mobile Concrete
Pump and Superswinger at Work

7.4.6 Navigation Lock

Bay # 8 of the Barrage with a width of 22 ft serves as a navigation lock for
water transport like boats, timber etc. To cater fo r prescribed pond level, the crest
level of the navigation lock was raised by 1 ft and new sill beams were installed.
Also the glacis and D/S chamber of the navigation lock was raised by 1 ft.

7.4.7 Installation of Sill Beams in Bay No. 65 to 31

— Sill beams in the existing crest of the Barrage were corroded and had
outlived their useful life. A total of 35 sets of sill beams were installed and these
comprised steel | d sections 250X125X10/19 mm and 64 ft long. Sill beams were
fixed using joint bars to pr event tilting in the stream flow direction. The new parts
were secured through second stage concrete.

AL

Old Sill Beam being Dismantled Installation of New Sill Beam in
Progress
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7.4.8 Remodeling of existing Fish Ladders

The fish ladders on both left and right side of Taunsa Barrage were extended
by 110 ft. The end entry duct for fish tested remain higher than D/S water level for
most part of the year due to retrogression of D/S water levels. Both the fish ladders
were extended with addition of chambe rs and placing the lower most entry duct at
RL 417 to provide attraction for fish to move up the fish way. Construction activities
related to extension of fish ladders are:

a) Excavation for foundation

b) Dismantling of concrete at the interface of old a nd new concrete
c) Installation of sheet piles with bottom at RL 391.50

d) Base concrete for extended floor

e) Sand filling under floor

f)  Laying of filter and PCC block

g) Fixing of rawl bolts in baffle walls

h) Installation of Formwork and fixing o f steel reinforcement

1)  Concreting of baffle walls

j) Concreting of vertical wall of fish ladder

Quantities for major items of work were as follows:

S;' Item Quantity S;' Item Quantity

1. | Dismantling of 10,207 | 4. | Sand filling under 21,276
Concrete Cft floor Cft

2. | Sheet Piles 4,654 Sft | 5. | Class-B Concrete 64,667Cft

3. | Drilling & grouting 2 4,356 | 6. | Steel 88,250 Kg
inch ® holes Inch Reinforcement

Concreting in Progress for Right Placement of PCC Blocks for Right
Fish Ladder Fish Ladder
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Concreting in Progress for Left A view of Remodeled Right Fish
Fish Ladder Ladder

7.4.9 Improvement of Drainage behind Flared out Walls

In line with the advice by POE -2 (October 2006), the whole area behind both
the flared out walls was paved with 3000 psi concrete sloping away from the flared
out wall to a drain near the regulation office plots which conveyed the drainage
water to the river through an impervious section drain. This solution was
implemented and has performed well. This system can be relied upon for required
performance of stopping settlements of backfill behind the flared out walls.

7.4.10 Construction of Silt Excluder for DG Khan Canal

One of the major problems necessitating the project was the excessive silt
entry into the D.G. Khan Canal and resultant silting of the canal limiting its
discharge capacity to unacceptably low figures. For reduction of silt entry it was
decided to construct a tunnel type silt excluder in the right pocket covering two full
bays 65-64 and provisions o f short stub tunnels in the 3rd (63) to facilitate further
extension if needed. The sequence of activities for construction of silt excluder was
as follows:

a) Removing the overburden i.e. sediment lying on the floor

b) Lay out of Barrels of tunnels

c) Installation of sheet piles

d) Dismantling of existing PCC blocks

e) Laying of filter and PCC blocks (4X4X2.75 ft)

f)  Placement of stone apron for extended portion of the impervious floor
g) Blinding layer concrete

h) Drilling and grouting holes and  fixing of dowel bars and reinforcement
bars

i) Installing formwork for walls of barrels
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j) Placing of reinforcement bars

k) Concreting of barrels walls

[)  Stripping of formwork
m) Installing formwork for roofs of barrels

n) Fixing of reinforcement Dbars

0) Concreting of barrels roofs

p) Stripping of formwork

gq) Installation of mild steel channels for stop logs

The construction of excluder tunnels required anchoring of tunnel walls to
the concrete floor. This was ac2hdige vled!l etsh rwiutg
spacing of the wall reinforcement bars, inserting the wall reinforcement bars
(vertical) into these holes, and packing the annular space between hole and the bars
with epoxy concrete. The wall reinforcement was then completed, form works
installed and the walls concreted.

The formwork for tunnel roof slabs was then erected, reinforcement placed
and roof slab concreted. This roof slab was p
to eliminate the chances of formation of negative pressures i n the tunnels and
resultant risks. These pressure balancing holes were provided in excluder tunnel
roof slab for the first time as an innovation. This innovative step proved its worth in
the very first flow season.

Also extension of impervious protection/ floor was necessitated to allow the
construction of excluder tunnels in front of Bay # 65 and part of 64. One line of
sheet piles, 10 ft deep with bottom at RL 407.50 was installed underneath the
extended portion of floor for construction of silt excluder  to provide cutoff for this
new structure. PCC blocks were laid beyond extended portion of impervious floor
followed by hand packed stone apron. Quantities of major items of work utilized for
construction of silt excluder are given in the following Table.

S;' Items of Work Quantity S#i. Item of Work Quantity
1. | Removal of wet 575,790 | 5. | Drilling and 103,122
earth from the floor Cft grouting 2 inch @ Inch
and 18 inch deep
holes in floor
2. | Dismantling of 15,290 Cft | 6. | Class - A Concrete 82,990Cft
Concrete
3. | Sheet Piles 1,870 Sft | 7. | Steel Reinforcement 352,432 Kg
4. | Class - B Concrete 6,380Cft | 8. [ Stone Apron 1,036 Cft
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Concreting for Roof Slab of Silt A view of the Completed Silt
Excluder Excluder

7.4.11 Remodeling of DG Khan Canal Head Rgulator

In addition to provision of silt excluder in the right pocket, the crest of D.G.
Khan Canal was also raised by 1 ft, from RL 433 to 434. This intervention
necessitated replacement of existing sill beams in the crest of DG Khan Canal
besides other construction activities. Breast wall of head regulator was also raised
by 1 ft to correspond to the pond level of RL 447 approved by the competent
authority in August 1992. Construction steps were:

a) Roughening of the crest and glacis surfaces of the hea d regulator with
pneumatic hand chisels.

b) Installation of 2.5 ft long Rawl bolts in a grid and embedded in 2 inch
g and 1.75 ft deep holes drilled with
between old and new concrete.

c) Removal of old sill beams and inst allation of new ones.
d) Fixing of steel reinforcement and placement of 1 ft. thick Class -A
concrete to raise the crest and glacis profile.

Major quantities of items of work used for remodeling of this structure were:

S;' Item Quantity S#r&' ltem Qua ntity
1 | Dismantling of 3 | Steel 28 Ton
Concrete Reinforcement

2 Class - A Concrete 9,815 Cft 4 Rawl Bolts 388 No.
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Dismantling of Breast Walll Installation of Formwork for
Breast Wall

7.4.12 Remodeling of Outfall Channel of DG Khan Canal Silt E¢ctors

The outfall channel also called diversion channel for the two silt ejectors
located at RD 7,500 & 20,800 joined the river at the end of the D/S right guide bank
of the Barrage. It was realigned due to construction of subsidiary weir and its right
guide bank. The work included 668,160 Cft of earthwork in excavation.

7.5 Subsidiary Weir and Allied Components

A 4,346 ft subsidiary weir (sub weir) was constructed at 925 ft D/S of the
Barrage gate line with a crest RL of 424 to raise the tail water leve | of the Barrage
for providing adequate depth in the stilling basin to ensure formation of hydraulic
jump at the proper location and satisfactory energy dissipation. The sub weir has a
gravity structure and is a sharp crested/glacis type weir.

As already described construction of the weir was under taken in two stages,
namely Stage -01 and Stage-02. Construction periods for the two stages were:

e Stage-01, Right half of the sub weir (RD 0+000 to 2+173) during the
first year of the Project i.e. from Octobe r 2005 to July 2006.

e Stage-02, Left half of the sub weir (RD 4+346 to 2+172) during the
second year i.e. from October 2006 to June 2007.

Construction of sub weir necessitated an accurate layout. A survey grid for
horizontal and vertical controls was es tablished. The reference line for horizontal
control was the gate line of main weir of the existing Barrage and for vertical
control the crest RL of Bay No. 65 in right undersluices, (425 ft amsl).

7.5.1 Care and Handling of Water

Before starting perman ent works of the sub weir, it was mandatory to put in
place temporary works comprising construction of cofferdams, installation and
operation of well system to take out the water and maintain dry working conditions.
Temporary works involved construction of  cofferdams along with dewatering
system. The sub soil water table was lowered by a maximum of 33 ft (RL 430 8397).



