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1. Introduction

- On complction of the extensive grouting carried out for the Right BanK Cut-Off Works in
March 1992 impounding of Samanalawewa Rescrvoir recommenced. Water levels in the
reservoir rosc in a controlled fashion to El. 439m, with groundwater levels within the right
bank ridge mirroring the rescrvoir water level fluctuations some 1 m below them.

At 13:00hrs on 22 October 1992 a water burst occurred at El. 400m on the right bank some
350m downstrcam of the toc of the dam, with right bank groundwater.levels at approx. ElL
438m. The volume of lcakage immediatcly after the water burst wasin excess of 7.5 m3/sec,
however within 24 hours the groundwater levels throughout the right bank had fallen more than
20m and the volume of lcakage had decreased to some 3m3/sec. Singe 22 October 1992
reservoir levels have been lowered and maintained below EL430m. Groundwater levels have
remained some 10m bclow reservoir level and the leakage volume has. continued at the reduced
rate of approx. 2m3/scc. The leakage is thercfore acting as a natural drainage system, which has
increascd the stability of the right bank since the watcr burst occurrcd,;;,

When the walter burst occurred the project consultants, Sir Alexander'Gibb & Partners Ltd
(Design Engincer) and Joint Venture Samanalawewa (Supervising Engineer) consisting of
Nippon Koci Co., Lid. and Elcctrowatt Engineering Services Ltd, with the assistance of the
Central Engincering Consultancy Burcau assessed the implications of.the event and _
reccommended remedial measures and investigations to control and reduce leakage in a safe and
economical manncr. - e

Duc to the public criticism, and to confirm the remedial measures recommended by the project
consultants, CEB employed a panel of international dam experts (the intemational third party
revicw panel) to asscss the safety of the dam and right Bank and to comment on the proposed
remcdial mcasurcs. This pancl consisted of : p

¢

J.B.Cook : Independent Consultant
P.Londe : Independent Consultant .
G.R.Post : Independent Consultant
A .H.Merrilt : Independent Consultant -

P

During their review the pancl studied all the available information, including the proposals for
the required remedial measures and held discussion with the project ¢onsultants, the OECF and
their technical advisors and other interested partics. .

In their revicw rcport, which has been copied 10 all interested parties, the panel concluded that:

* the most promising method of reducing lcakage 1o ad_ceplable levels was by
constructing a blanket under water in the reservoir, which would not interfere
with power production.

* the requirement to reduce leakage to an acccptable level is for economic, not
safcty, rcasons.: "
The panels’ conclusions endorse the’gencral remedial measures propdsed by the project
consultants‘and bascd on this endorscment studics of alternative apprdaches to the wet method
of blankct construction have been carried out. i
The results of thesc studies are presented in this report. It is to be notéd that commercial aspects
including Scctions 7 and 8 of this report have been prepared and finalized by JVS.



2. Necessity of Remedial Works

As discusscd previously the remedial measures to reduce lcakage at Sq’;mzmalawewa are for
economic reasons, not safety. Both the project consultants and the review panel have indicated

that; .

i) there is no possibility of the dani, or the right bank failing and therefore there is no risk
ol a catastrophic disaster causing damage 1o people and propeéfty downstream of the
ICSCIrvoir. W

it) if the groundwatcr level is the right bank ridge excceds that a'l_'f»’yhich the water burst
occurred on 22 October 1992 at some time in the future then similar bursts in other area
are likely. : -

. - .f d

iii) additional water bursts, while being alarming when they occur, will not compromise
the safety of the dam and reservoir, however they are likely t0 result in increased

Icakage losscs and this would not be acceptable on economic grounds.

It is therefore imperative that measures arc taken to ensure that the groundwater level in the right
bank is maintained well below the level at which the water burst occuired (E1.438m) so that the
risk of further instability and hence increased leakage is minimized. This must be achieved
without incrcasing the current water losses from the reservoir and additional drainage measures
are therefor not a long term option and groundwater control should beachieved by adopting one
of two approaches: ‘

a) Ensurc that reservoir Jevels never reach the level at which the ground water caused the
waltcr burst. This could be achieved by operating the project as-run-of-river scheme
provided additional spillway facilitics (called Sccond Spillway? are constructed to
chsure that reservoir levels remain below ELL 438m during flogds. This approach has

two major cconomic implications:

- The amount of firm encrgy that could be generated by a run-of-the-river
scheme is significantly less than that produced by the original scheme

- ‘The cost of constructing a sccond spillway, capable 0f discharging the design
flood of 3,600 m3/scc, will be very high.

b) Create a positive cut-off on the right margin of the reservoir by cither:

- Extending the existing grout curtain, which has been agreed by all parties to be
tlechnically impractical. '
or.

- Constructing an upstrcam blanket over the areas of réservoir water ingress to
conurol leakage, and hence groundwater levels, to less than the downstream
requirements at Full Supply Level. The blanket could be constructed cither in
the dry, using conventional techniques, or in the wet by tipping or dumping.

In case of provision of a Second Spillway, a tunnel type spillway Lo bé located below the
existing spillway with its forebay crest elevation of approximately El 430 without gate can be
considered o control the reservoir water level for the Run-of-the-River operation use. The
sketch drawing of the tunnel spillway is shown in Fig. 2.1 which is designed to pass the
design flood of 3,600 m3/scc and the total construction costs of such Sccond Spillway is
estimated to be approximatcly J¥ 3,071 Million and Rs. 179 Million,:’



It is to also be noted the fact that the run-of-the-river type operation will result in the significant
decreasc of "Firm Encrgy". According 1o the rcsults of optimization study of Samanalawewa
reservoir in the "Additional Study" carricd out by Electrowatt Engineering Services in 1985
and 1986, the cnergy production at the various maximum water lcvel (low water level is fixed
to be ElL 424) arc summarized as folJows

o,

Max. Firm P Sccondary Total 5

Reservoir Encrgy Enu;,y Energy o

Level e

(m.as.l) . (GWh) (GWh) (GWh) (GWh)

460 366.47 58.83 425.30 <=Storage type opcration

455 338.94 83.15 422.09 |, mode (Blanketing)

450 297.28 . 120.14 41742 & :

445 258,74 ¢ 153.34 412.08

440 206.63 - 200.12 406.75 i

435 147.76 . 253.27 401.03

430 98.60 296.49 395.08 <—Run of-River operation
'mode (Second Spillway)

As scen from the above Lable, if the Second Spillway is adopted for tfie permanent solution,
though the total energy (firm plus secondary) will be reduced by approximately 30 GWh
comparcd with the original scheme (or blanketing approach), the firm energy itself will be
decrcased 1o 27% of the original scheme, 120 MW. .

For the cconomic comparison of the Lwo approachcs, the above lﬂdlC']LéS that the alternative
thermal plant capacity value for the Sccond Splllway approach should be 27% (33MW) of the
original schemce (or blanket Jpproach) .

Taking into consideration of the L()mlruc,m)n costs estimated above leudm;, all the previous
costs spent for construction of Dam, Waterway and Powerhouse, etc; and their expected annual™
encrgy production, cconomic and financial evaluation of the two aliematives are carried out
and the Economic Intemal Rate of Retum (E.1.R.R) and Financial Iniémal Rate of Retumn
(F.LLR.R) of cach scheme arc calculated as follows (for detail calculation, refer to Section 8):

ELRR F.LR.R
A. Run-of-the-River type operition mode with
provision ol Sccond Spillway 3:2% 7.1%
B. Storage type opcration mode with
provision of Blankcting ; 14; 0% 7.6%

From the above, it is very clcar that the storage type operation mode wnh provision of
Blanketing is cconomically much superior to the run-of-the-river opcrallon modc with provision
of Second’ Spillway. Funhermore, all the parties concermned have agreed that the best approach
to control the groundwater level, and hence Icakage, in the right bank of Samanalawewa is to
usc the wet blanket approach. This approach, carricd out when the reservoir level is above
minimum operating level, ensure the minimum disruption to power gencration (the scheme will
be running as a run-of-the-river plant for the construction period).

The ultimate aim of the proposed remedial measures (wet bldnkcung,) lS to ensure that the
Samanalawewa Rcscrvonr provides the storage for power producuon as originally anticipated.
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3. Areas to be Treated
3.1 Main Blanket

Detailed study of the considerable amount of information available on the right bank, compiled
from the investigations carricd out, the grouting carricd out and the results of the monitoring
rccorded since 1989, indicates that the section of the river bed between 700m and 1,700m
upstrcam of the dam is assumed to be the arca where significant water ingress to the right bank
is occurring (Fig. 3.1) and should be the main target for blanketing. The approximate fill
volume for this scction is estimated to be 500,000 m3. This conclusion is supported by the
following facts: .

i) Before impounding, the groundwater level recorded in the right bank was almost flat at
about E. 380m and it fluctuated in response to changing river levels (Fig. 3.2 and 3.3).
Events have proved that these responses were most likely to have been due to the
ingress and cgress of water from the river and thercfore the opcnlnz,(s) into the river
must be Jocated around E1.380m in the river channel. The river bed is at El. 380m
around the center of the target scction between 700m and 1,700m upstream of the dam.

ii) Three major faults, F-1, F-2 and F-3, interscct in the target section of the reservoir and
a fault scen in the arca of the water burst also trends into thistsection. These faults are
probably associated with man subordinate shears which provnde the openings for water
flow.

'
iii) Chemical analysis of water samples taken for water quality asscssments have shown a
’ general pattern that apparendy reflects the speed of groundwater movement:

- Groundwatcer in arciis of intact rock and slow groundwaler movement
(Geological Arca A) have a high sulphate ion (SO4-) content.
;

- Rescrvoir water typically has a low sulphate ion comb‘nl.

Therefore groundwater with a low sulphate ion content is hkely to be connccled to the
rescrvoir by privileged paths along which there is a relatively rapid {low of water.
Groundwatcer of this type has bccn rccorded at weir M1 (downslrcam of the dam),
from the water burst (the natural drainage point), and at weirs S2 and S3 (on the
Kalunaide Ara). These points arc all dssoualLd with the fdumn" that intersects in the
rescervoir in the main Lllébl arcd.

iv) When constructing the right bank grout curtain, high grout takes were recorded at the
bouom of the grout curtain in arcas intersecting the faults F-1, F-2 and F-3. A number «
of piczometers were installed 80m below the bottom of the grout curtain in these zones
and the results recorded since impounding began lndl(.dlCS Lhdl high permeability zones
exist, ungrouted, below lhe grout curtain.

Based on these facts itis intended to target the main arca of blanketing on a 1km long section of
river bed between 700m and 1,700m upstream of the dam, where the inain zone of water
ingress is consider (o cxisl.



3.2 Foll(m -Up Blanket

The groundwater xcspomc patterns obscrved to date indicate that the. r’h"un zone of water ingress
is likely to be within the main target section. However it is possible- U14t other zones of ingress
do exist, but their cffccts arc masked by the size and efficiency of thé main zone. Therefore
provision must bc made for additional blanketing work to be undcrtaken once the main target
scction has been covered. The target for additional blanketing would be identified based on
groundwatcr level responses Lo the main blanketing operation and to the changes in ground
water chemistry pattern as discussed in Section 5. :

The extent of this follow-up work is unknown, it may not even be ncccssary. but the mcthod
cmployed to carry out the work should be such that it can be lmplcmcnlcd with the reservoir at
any level and at any time with suitable plant and operators left on site.

The period for the follow-up blanket is required for at least two major wet seasons after the
main blanket is placed so that there will be sufficient time to confirm the reservoir level reach to
Full Supply Level, and therefore a period of 1.5 years should be aJlocated The fill volume is
provisionally assumed 1o be 500,000 m3.
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FIG. 3.1 : PLAN OF RIGHT BANK
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4. Alternative Study of Wet Methods of Bl,anket
Construction -

4.1 General

Three altemative methods ofmnslruc_un}, an impenmeable blanket under water have been
identificd and studicd:

i) Dumping using Dredgers
ii) Dumping using Bottom Dump Barges

iii) Sidc Dumping using Dump Trucks
To ensure a truc comparison of the methods the following assumptions have been made:

Q) As described in Section 3 the main target zone will be the secfi'on of the river bed .
between 700m and 1,700m upstream of the dam, as shown on Fig. 3.1.

b) The target blanket thickness will be 10m, over a 1,000m strelch of river bed which
results in the handling of some 500,000m3 of (ill material.

9] Construction of the main blanket will take 1 year.

4.2 The Alternative Construction Methods

4.2.1 Dumping using Dredgers

The principle sequence of activities for this approach arc identificd in; Fig. 4.1, which also
summarizes the major construction aspects of the work and identifies: thc main plant
requircments.
It is proposcd that two 350 HP drcd{,cr pumps, which arc rcadily avagldblc on the market,
would be used. For the dredging operation to be successful it is csecmml that all matcrial >
100mm in sizc is removed from the fill this would result in the need @ double handle a
signilicant portion of the fill. Once proccsscd the fill would be transported to the reservoir
margin and dumped into the rescrvoir along a working front some 30m wide, to create a sludge
pile Tor pumping, as shown in Fig. 4.2. A survey/backup boat would' also be required to
support the discharge pontoon and for survey work elc. it

To minimize hauling distances it would be nccessary Lo select borrow:area as close to the
dredging site as powblc but in ordet to preserve the natural blanket on the reservoir margin the
borrow arca would have to be above Full Supply Level and access roads would have to be kept
to a minimum. The top of the right bank ridge has been identified as aisuitable source of fill, but
borrow arca above Full Supply Level have a negative impact on the environment as they
involvc the destruction of the natural forest cover. However with carc ths could be minimized
by rcaflorestation after construction is completc. s

Expericnce of the drcd;:m;;, lcchnique in the marine cnvironment su;,g,cqls that contamination,

with suspended solids, is likely 1o affect a greater arca of the reservoir {.hdn cither the other
mcthods proposcd.

- 10 -



4.2.2 Dumping using Bottom Dump Barges

The principle sequence of activitics for this approach are identified in Flg 4.3, which also

" summarizes the major construction aspects of the work and identifics the main plant
requircments.
As shown in Fig.4.4 it is proposcd that two 500m3 barges will be required and they will be
supportcd by onc pusher boat and onc survey/backup boat for survey work and support.

Fill material will only have to be handled once as it can be loaded straight into the barges and
duc 1o mobility of the barges the borrow arca docs not have 1o be near the point of dumping.
Fill material can therelore be obtained from below Full Supply Level on the left bank at
Kinchigune, the original source of the core material for the dam. This reduces the
environmental impact of borrowing for fill materials and prescrves the natural blanket on the
reservoir margin. .

The advantages of this approach over the other two are that:
a) dumping activitics are {lexible and can casily be moved from location to location

depending on the cffects that the blanketing operation is havmg on the leakage and the
monitoring system alrcady in place.

b) dumping can be carricd out with the reservoir water at any léyel
) contamination of the reservoir water will be less than that catsed by dredging.
o

4.2.3 Side Dumping by Dump Truéks i

Ty

The principle sequence of activities for this approach are identified in Fig. 4.5, which also
summarizes the major construction aspects of the work and identifics the main plant
requircments. An illustration of the approach is given in Fig. 4.6. -

Duc to the simplicity of this operation dumping speeds are higher than the other two
approaches, but because ol its lack of flexibility in targeting arcas lorlrcalmcnl side dumping
will require significantly more {ill matcrial than cither Dredger Dumpmg or Barge Dumping.

Fill material will only have 1o be handied once, but 1o minimize hdulél;_,c costs the borrow arca
will have 1o be as close to the target arca as possible, as described for.the dredger approach, ang
hence suffers the same environmental disadvantages. It might be possible o carry out side
dumping from both margins of the rescrvoir to increase speed, but tie spreading of the work
force to accommodate this is considered inefficient and thercfore co_,sz

Expericnce suggests that contamination of the reservoir will be less senous than the dredging
method.

. _vﬁ
The significant disadvantage of this method will be the lcast ﬂClellI[y to cope with additional
dumping requircment which may be required in the course of raising reservoir level up to the

Full Supply Level after complulon of the main blanket at the river str“lch of 1,000m described
in Scction 3.

-11 -



4.3 Comparison of the Alternative Methods

To assess the techiucal merits of each approach it has been assumed that all equipment is
available and can be mobilized at the same time. Based on this assumption the alternatve
methods have been-assessed against the following aspects of construtcuon:

i) Environmental impact

i1 Destruction of natural blanket below Full Supply Level for access
iii) Contamination of the rescrvorr water with su‘spcndcd solids

v) Flexibility to provide additional blankcung

v) Easc of Opcration

vi) Easc of M:untenance

vii) Volumc of {ill recquired

viii) Construction costs (dircct costs)

These arc presented i the following matnx with clearly compares the ments and demerits of
each mcthod. o

RS
Dredger Dump Barge, Side Dumping

Envionmental Most Least same as Dredger
Impact g
Destruction of Natural Most Least same as Dredger
Blanket : :
Contamination Most Least ' Intcrmediate
Flexibilhity Intetmediate Most : Lcast
Ease of operauon Dithcult Intcrmediate . Easicst
Easc of Mamntcnance Difficult Intcrmediate Easicst
Volumc ol Fill Intermediate Lecast Most
Dircct Costs excluding | J¥ 2,718 Million J¥ 2,510 Million | ° J¥ 2,550 Million
Follow-up Woiks Rs 160 Million Rs 148 Million . Rs 151 Million

el
The matrix above shows that dumping using bottom dump barges has the most advantages over
the other approaches, while dumping using a dredger has the most disadvantages. Side
dumping is almost as advantagcous as using the dump barges except’a few aspects, panicular]x
"flexibility”. Therelote provided that there 1s no significant delay 1in procuning bargces, as '
opposcd to obtaming carth moving cquipment, then the techimque using bottom dump barges
should be pursucd

Howecever 1f there 1s Tikely to be a long lead ume required for the procurement of the barges then
the carth moving cquipment to scrvice the barges should be mobihized 1o sile as soon as
possible and blankeung should commence using the side dumping approach until such time as
the barge dumping operation can be carned out This dual approach may be required incase of

significant delay in procuning barges to begin blanket construction at as carly a date as
possible.

-12 -




Fig. 4.1: Dredging Method

Major Equipmen

Borrow Area: Clecaling

Back-hoe
45T Dump-Truck
Bull-dozer

h,

Acquisition and Transport
of Blanket Materials

Wheel Loader
45T Dump-Truck

h. 4

Rcmoval of Over-size Materials
by Grizzly

100 mm under onlil

-

Loading and Trunsport of Blanket

Wheel Loader
45T Dump-Truck

Matcnals
v
Bull-dozer
Disposing of Materials along
Reservoir Slope

2-Dredgers (350HP)

Pumping by Dredgers Crane Boat
Communication Boat
Dumping Deck
Survey Boat

- 13-

Major Activities

Clearing, Survey
Mobilization of Equipment,
Electricity Supply,

Access Road, etc.

Grizzly Plant

Removal of Over-size material

River bed survey
Assembling of dredgers

Assembling of slurry pipes

v

’,Survey of dumped materials

in Reservoir
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Fig. 4.3: Dump-Barge Method

Borrow Area: Clearing

Acquisition and Transport
of Blanket Materials

h .4

Loading Plant

b 4

Loading and Transport of Materials
by Dump-Barge

Maior Equipm Major Activiti o
Back-hoe Clearing, Survey
45T Dump-Truck Mobilization of Equipment,
Bull-dozer Access Road,
Wheel Loader Electricity Supply, elc.
Whecel Loader Loading Plant,
45T dump-Truck Survey of river bed, .
" Bull-dozer Assembling dock for dump-
Back-hoe burge, boats, etc.
Tugboat Survey of dumped materials
500 m3 Dump-Barge , in Reservoir
Communication Boat
Survey Boat

-15-
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Fig. 4.5: Side Dump Method

Major Equipment

o

Borrow Area: Clearing

Back-hoe
45T Dump-Truck
Bull-dozer

Wheel Loader

Wheel Loader

Acquisition oand Transport 45T Dump-Truck
of Blanket Materials Bull-dozer
- Buck-hoe
A 4
Survey Boat

Side Dumping into Reservoir
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Maior Activiti

" Clearing, Survey,
Mobilization of equipment,
., Access Road,
Electricity Supply, etc.

Survey of dumped materials
, In Reservoir
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5. Additional Investigations

Additional mvestgations have been recommended in the past and theintemauonal third party
pancl advised that investigations could be carmed out if considered necessary. However
investigations should not delay the construction of the blanket as there is sufficient data
available to locate the major arca of reservorr water ingress and construction of the blanket will
be the most 1chable method of identfying the actual zones In this respect, geophysical
investigauon (Scismic Reflection Survey) at the most probable section has been implemented
under UK ODA financc. o

To date the contiol of groundwater levels in the nght bank exhibited by the main arca of ingress
between 700m and 1,700m upsticam of the dam has been so great that the effects of any other
arcas of 1escrvorr water ingiess if they exist are completely masked Therefore 1t would be
prudent to cnsurce that there are sufficicnt monitonng points 10 be able to idenufy other arcas of
ingress 1l they exast as scaling of the main arca proceeds These subardinate arcas of ingress
can then be located and treated as necessary duning Follow-Up blanket.

To identify actual zoncs of lcakage considerable studies into the use of tracers have been made
and duc to the lngh permcability of the nght bank ndge, and the long seepage paths involved, it
has been concluded that the ditution of tracers alter mjecuon will be so great that they are
unlikely 1o be usclul indicators of the lcakage source.

To date the most rchiable indicators of potential Icakage have been groundwatcer levels and
sufficicnt monitoring stations cxist around the main arca of reservoir water ingress (o monitor
the blankcting of the arca However south of the nght bank cut-off works only two
groundwalcr monitonng stations cxists (GW16 and GW18) and subordinate areas of reservoir
walter ingress may eaist along this sccuon of the nght bank ndge Therefore additional
groundwater monitoring stations should be installed south of GW 14,

Over the last year the monitoring of both reservoir and groundwater quality has indicated that a
distinct difference in sulphate content exists between reservorr water and slow moving
groundwatcr as discussed m Scction 3 1 Therefore grioundwater that 1s low in sulphate is
hikely to be closcly connected to the reservorr and thrs factor, when combined with groundwater
levels and gradients, may be a usclul tool for idenulying subordinate leakage paths as sealing of
the mamn arca progiesscs

It 1s therefore recommended that the groundwater monitoning (both of levels and chemistry)
should conuinue using the existing monitoring stations throughout the penod of blanket
construction In addition a scrics of groundwater monttoning borcholes should be dnlled south
of GW14 so that more 1chiable data on groundwater Ievels and chemistry can be obtained and
monutored

Thesc additonal groundwater monitoring holes should be of sufficientdiameter that reliable
walter samples can be collected from them and they should be dnlled gt the same time as
blankecting of the main arca 1s in progiess It s1 envisaged that some 10 holes will be sufficient
for the purposces descnibed above R

K}
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6. Outline Programme for the Remedidl Works and
Investigations

As stated m Scction 4 1t 1s anucipated that it will take approximately 1 year after mobilization
period of hall ycar to place the 500,000m3 of fill judged as necessary for the construction of the
miun blankct Howeveritis recognized that further follow-up work may be required at any ume
until the reservorr has satisfactonly aclieved Full Supply Level and ‘that this follow-up work
should be able to proceed with the reservorr water at any level Thereforc based on the fact that
it may take at lcast two full wet scasons to reach Full Supply Level after the main blanket 1s
complete it is rccommended that a penod of 1 5 years with provisional quanuty of additional
500,000 m3 is allowed for as the follow-up pcnod ]

Additional investigations explained 1in Section 5 will be carmed out inf parallel with the blanket
woiks and complceted belore commencement of the follow-up period

As discussed i Sceuon 4 the usc of Bottom Dump Barges provides the flexibility of targeung
subordinate zones of lcakage at any reservoir level with the minumum of equipment and
manpowecr during the follow-up penod In addition provision should‘be made for the barges
and the neeessary carth moving plant to become the property of the CEB after completion of the
work so that any remedial measures 1o the blanket that may be required in the future can be
carricd out by them. T

. .
Assumung an order to commence work is 1ssued in July 1993 a possnBlc programme
demonstratung this approach is presented 1n Fig 6 1 and the schedule of Engineering Services
in Fig.6 2. '
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7. Cost Estimates
7.1 Total Project Cost

The total project cost for man blanket, follow-up blanket, additional investigation, engineenng
services including physical conungencies is esiimated at J¥ 4,378 Million for the forcign
currcncy potton and Rs 246 Million for the ocal currency poruon as summanzed in the
following tablc .

1. Main Blanket Works by Dump-Barges J¥ Rs
(Milhion) (Milion)
11 Manufactuning and Assembling of ,
Dump-batges, boats, clc 1,087 64
1.2 Access Roads, clc 70 4
13 Transport, Loading, Dumping .
of blanket matenals 1,016 60
14 Costs of cquipment to be taken over .
for Follow-Up blanket 337 20

2 Invesuigatons

21 Dnlling Boic Holes 111 7
¢ 'I,
22 Waler sampling and "
chenucal analysis equipment .o 100

3. Follow-Up Blanket by Dump Barges ( 1.5 years )

Transport, Loading, Dumping '

of blankct matcnals ' 544 32
4. Final treatment at lcakage arca ", 200 20
5. Enginecning Scrvices (Supervising Engineer) ",342 7
P
6 Physical Conungency (15% o0l 1 t05) 571 32
Grand Total 4378 246



7.2 Annual_Fund Requirement

The disburscment schedule including physical contingencices s prepared by allocaung the
required construction costs over the construction penod explained n Secuion 6 (refer to Fig
6 1) as follows: -

Ycar Forcign Currency Local Currency

(J¥ Mullion) (Rs. Milhion)
1(1.993) 1,556 82
2 (1,994) 1,872 105
3 (1,995) , 618 32
4 (1,996) 332 | 27
Total 4378 v 246

=24 .



8. Economic and Financial Assessmeﬂnt of the Remedial
Works -

8.1 Comparison of Second Spillway and Wet Blanket

At the ume of project implementation stage in 1986, the total project costs (financial costs) was
estimated to be J¥ 29,880 Million, £ 51 27 and Rs 2,203 Million with the exchange rate of
Rs.1=J¥ 8 0 and Rs 1=£ 0 028, giving the equivalent total project costs of Rs 7,769 Milhion,
and the total cconomic costs of Rs 5,800 Mullion, and its Economical Intemal Rate of Retum
(E I R.R) and the Financial Intemal Rate of Retum (F 1 R R) at the implementauon stage were
then esumated to be 38 1% and 10 4% respectively(refer to Implementation Programme,
February, 1980)

After commencement of the Works, the nght bank cut-olf works was carricd out with the
additional Japanese fund of JY 3,264 Million and the works has been completed 1n carly 1992,
however the leakage (rom the nght bank 1s approximately 2 m3/sec at the reservoir water level
of El. 430.

As discussed in Scction 2, there are two alternatives, namely construction of Second Spillway
with run-ol-river type operation mode and construction of Wet Blanket with storage type
opcration mode, and the cconomic and financial companson should be carried out based on the
same manner with same cconomice idices at the ume of project implementation stage in 1986 so
that the change and 1ts sensitivity of the intermal rate of return ‘duc to such additional costs of
remedial measutes from the onginal scheme can be faitly assessed on the same cconomic
ground

The estimated cost of Sccond Sprllway is approximately J¥ 3,071 Million and Rs 179 Mullion
however its capacity value 1s reduced to 33 MW and the annual ecnergy 1s reduced by 30 GWh
comparcd with ongmal scheme as discussed 1in Section 2, while the costs of Wet blanket
scheme including investigauons and relevant works 1s J¥ 4,378 'Million and Rs 246 Million as
estimated  Sccuon 7 1 The total project costs (financial costs) for these alternatives including
all the previously incurred costs such as Dam, Power Tunncl ahd P/H arc thercfore summarized
as follows )

¥ i Rs Equivalent
(mullion) (Mhillion) (Million)  Total inRs
) ™)
Run-ol-the-River type operation mode with '
provision of Sccond Spillway 34,755 811 3.620 10,860
Storage type operation mode with L',
provision of Blankcting 36,062 811 3,687 11,091

Note () . the exchange rates applied at the timé of implementation stage
[
Based on the above total project costs and i the same manner of calculation procedures carried
out at the tume ol the implementation stage i 1986 (reler o Table 8 1 for detarl procedures),
EITRR and F1R R of the two alicrmatves are shown in Table 8 2, 8 3, 8 4 and 8.5 and the
resulls are: .

EIRR « FIRR
A. Sccond Spillway scheme 32% o T 1%
B. Wet Blankcung scheme 14 0% ;‘ 7 6%
It1s clear that the Wet Blankeung scheme 1s much supenior to the Second Spillway scheme in

terms of cconomic and findncial indices and thercfore rccommendced to be adopted for the
remedial measure
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8.2 Economic¢ and Financial Evaluation of Wet Blanket Scheme

The costs of recommended Wet blanket scheme including investigations and relevant works is
JY 4,378 Million and Rs 246 Milhion as esumated 1n Scction 7.1, and the EI.RR and F.LR R
for the recommendced scheme including all the previous costs are 14 0% and 7 6% respectively
as discussed i Scction § 1( the costs/benefit sticams for the recommended scheme are shown
inlig 84and 85)

Though these values are decereased from that of nnplementauon stage 1n 1986 which had been

38 1% for EIR R and 10.4% for F I R R it 1s sull within the economically and financially
Justifiable range

=26 -



Table 8.1 : Economic and Financial Evaluation Procedures
Calculation procedures taken at the implementation stage in 1986 aré,,summaﬁzcd as follows:

1. Economic Evaluation

ot

1. Exchzmge rate to convert equivalent cost : Rs 1=J¥ 8.0, Rs 10=£0.028
2. Economic conversion factor : Economic Cost = 75% of Financial Cost
3. Alternative Power Plant : Coal-fired thermal plant {

- Installation cost : Rs. 39,400/KW .

- Adjustment factor

Hydro Themal
T/L loss 50% 2.5%
Forced Outage 05 50
Stauon Scrvices 03 710,
Ovcrhaul 20 10.0

(1-0.05)(1-0 005)(1-0.003)(1-0. 02)
Factor = ------------- et -- = 1.191
(1-0 025)(1-0 05)(1-0.07)(1-0.10)

L]
.

- Capacity Value : Rs 46,925/KW

4. Energy Value
- Plant economic life - 25 years
- Fucl type @ Australian stcaming coal
- Fuel cost * Rs 235/M Kcal
- Heat rate : 3,020 Kcal/KWh
- Unit fuel cost . Rs 0.71/KWh
- Adjustment factor :
Hydro Thermal

T/L loss 5 0% 2 5%
Station Service 03 7.0

(1-0 05)(1-0 003)
Factor = ~e-mememmee = 1.045
(1-0.025)(1-007)

- Encrgy value = Rs 0.74/KWh

5.0 & M cost :
- 2 5% of caputal cost for thermal plant
- 0.6% of capital cost for hydro plant

Il Financial Evaluation

1. Exchangc rate to convert cquivalent cost . Rs. 1=J¥ 8.0, Rs 1.0= £ 0.028
2.0 & M cost . 0 7% of capital costs

3. Encrgy salcs expenses : Rs 057

4. Long Run Marginal Cost (sales valuc) : Rs 3.5 /KWh

5. Sales energy : 88% of generated encrgy assuming transmission loss of 5% and
distnbution loss of 7%

6. N.P.V : Nct Prcsent Value
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Table 8.2 : Economic Evaluation based on the Second Splilway Schemeq(UnIt equivalent Million Rs.)
. A

EIRR=

YEAR

1,986
1,987
1,988
1,989
1,920
1,991
1,992
1,993
1,994
1,995
1.996
1,997
1,998
1,999
2,000
2,001
2,002
2.003
2 004
2,005
2,006
2,007
2.008
2,009
2,010
2,011
2,012
2013
2,014
2,015
2,016
2,017
2,018
2,019
2,020
2,021
2,022
2,023
2,024
2,025
2,026
2,027
2,028
2,029
2 030
2,031
2,032
2,033
2,034
2,035
2,036
2,037
2,038
2,039
2,040
2,041

0 032

CPITAL
COoSsT

232
541
773
1,159
1 931
1,931
1,169
210
213

1,327

O8M COST

32
37
41
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
a6
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46

TOTAL COAL-FIRED

COSsT THERMAL

232
541
773

1,159

1,931

1 931

1,191
247
254

46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
1,373
46
46
46
46
46
46
46
46,
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46

46
106
152
228
380
380
228

43
241
241
292
190

98

OaMCOST

27
30
34
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

‘

ENERGY |
cosT

205
234
263
293
293
293
293
293
293
293
293
293
293
293
293
293
293
293
293
293,
293"
293
293
203
293
292
293
293
293
293
2935
293
293
293"’
293 '
293/
293 .
293 i,
293
293
293,
293
293,
293
293
293 '
293 ,.
293
293 {
293

TOTAL
BENERT

46
106
152
228
380
380
460
265
298
331
331
331
331
331
331
331
331
331
33t
331
331
331
331
331
331
373
572
572
622
521
429
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331
331

TOTAL =

NPVOF

225
508
703
1,022
1.650
1,598
955
192
192
34
33
32
31
30
29
28
27
26
25
24
24
23
22
22
21
20
20
19
i8
18
517
17
16
16
15
15
14
14
13
13
13
12
12
12
11
11
10
10
10

-
OO0 oW OO

8,381

NPVOF
BENEFRIT

44
100
138
201
325
315
369
206
224
241
234
227
220
213
206
200
194
188
182
176
171
165
160
155
151
165
244
237
250
202
161
121
117
113
110
106
103
100
97
94
91
88
85
83
80
78
75
73
71
68
66
64
62
. 60
59
57

8,385



Table 8.3 : Financial Evaluation based on the Second Spiliway Scheme(Unit: ¢quivalent Million Rs)

FIRR= 0071
YEAR  CAPITAL O&MCOST SALES TOTAL POWER TOTAL  NPVOF  NPVOF
cosT cosT COST  REVENUE  BENEFIT COST  BENEAT

1.986 309 309 4] 288 [+]
1,987 721 721 0 628 0
1,988 1,030 1,030 0 838 0
1,989 1,545 1,545 0 1,173 0
1,990 2,575 2,575 0 1,825 0
1,991 2,575 2,575 0 1,703 0
1,992 1,545 50 157 1,753 85: 852 1,082 526
1,993 280 58 180 518 973 973 298 561
1,994 283 65 202 550 1,095 11,095 296 589
1,995 72 225 297 1,217 1,217 149 611
1,996 72 225 297 1,217 1.217 139 570
1,997 72 225 297 1,217 1,217 130 532
1,998 72 225 297 1,217 1,217 121 497
1.999 72 225 297 1,217 1,217 113 464
2,000 72 225 297 1.217 "1,217 106 433
2,001 72 225 297 1,217 1,217 99 404
2,002 72 225 297 1,217 1,217 92 a77
2,003 72 225 297 1217 1,217 86 352
2,004 72 225 297 1,217 1,217 80 329
2,005 72 225 297 1,217 1,217 75 307
2,006 72 225 297 1,217 1,217 70 286
2,007 72 225 297 1,217 1.217 65 267
2,008 72 225 297 1.217 1,217 61 250
2,009 72 225 297 1.217 1,217 57 233
2,010 72 225 297 1,217 1.217 53 217
2,011 72 225 297 1.217 1,217 50 203
2,012 72 225 297 1,217 1,217 46 189
2,013 72 © 225 297 1,217 1,217 43 177
2,014 72 225 297 1,217 ¢* 21,217 40 165
2,015 72 225 297 1,217 1,217 as 154
2,016 1,770 72 225 2,067 1,217 21,217 244 144
2,017 72 225 297 1,217 1,217 33 134
2,018 72 225 297 1,217 1,217 31 125
2,019 72 225 297 1,217 1,217 29 117
2,020 72 225 297 1,217 1,217 27 109
2,021 72 225 297 1,217 “1,217 25 102
2,022 72 225 297 1,217 1,217 23 95
2,023 72 225 297 1,217 1,217 22 89
2,024 72 ' 225 297 1,217 1,217 20 83
2,025 72 225 297 1,217 1,217 19 77
2,026 72 225 297 1,217 1.217 18 72
2,027 72 225 297 1,217 1,217 16 67
2,028 72 225 297 1,217 1,217 15 63
2,029 72 225 297 1,217 1,217 14 59
2,030 72 225 297 1217 1,217 13 55
2,031 72 225 297 1,217 1,217 12 51
2,032 72 225 297 1,217 1,217 12 48
2,033 72 225 297 1,217 1,217 11 45
2,034 72 225 297 1,217 1,217 10 42
2,035 72 225 297 1,217 1217 9 39
2,036 72 225 297 1,217 1.217 9 36
2,037 72 225 297 1,217 1,217 8 34
2,038 72 225 297 1.217 {1,217 8 az
2,039 72 225 297 1,217 $.217 7 v’
2,040 72 225 297 1.217 1,217 7 28
2,041 72 225 297 1,217 1,217 6 26
TOTAL = 10,494 10,496
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Table 8.4 : Economic Evaluation based on the Wet Blanket Scheme (Unit equivalent Million Rs.)

EIRR= 0140 :
YEAR CPITAL  O8MCOST TOTAL COAL-FIRED O8MCOST BNERGY- TOTAL NPVOF NPVOF

cosT COST  THERMAL COST ,  BENEAT coSsT BENEFIT

1,986 232 ' 232 169 . 169 203 148
1,987 541 541 394 ! 394 416 303
1,988 773 773 563 . 563 521 380
1,989 1,159 1,159 845 ’ 845 686 500
1.990 1,931 1,931 1,408 ! 1,408 1,003 731
1,991 1,931 1,931 1,408 iy 1,408 880 641
1,992 1,159 32 1,191 845 99 221 1,164 476 .. 4865
1,993 207 37 244 113 2521 365 85 128
1,994 254 41 296 127 284, 410 91 126
1,995 82 44 125 134 299 433 34 117
1,996 52 46 97 140 312 451 23 107
1,997 46 45 141 315, 456 10 95
1,998 46 46 141 315 456 8 83
1,999 46 46 141 315" 456 7 73
2,000 46 46 141 315 456 6 64
2,001 46 46 141 315 ° 456 6 56
2,002 46 46 141 315 ° 456 5 49
2,003 46 46 141 315 456 4 43
2,004 46 46 141 315" 456 4 3s
2,005 46 46 141 315 ¢ 456 3 33
2,006 46 46" 141 315 | 456 3 29
2,007 46 46 141 315 . 456 3 26
2,008 46 46 141 315 & 456 2 22
2,009 46 46 141 315 456 2 20
2,010 46 46 141 315 ~ 456 2 17
2,011 46 46 158 141 315." 614 2 20
2,012 46 46 894 141 315 1,350 1 39
2,013 46 46 894 141 315 1,350 1 34
2,014 46 46 1,080 141 315 1,536 1 34
2,015 46 46 703 141 315 1,159 1 23
2,016 1,327 46 1,373 362 141 315 818 24 14
2,017 46 46 141 315 456 1 7
2,018 46 46 141 315 456 1 6
2,019 46 46 141 315 456 1 5
2,020 46 46 141 315 456 0 5
2,021 46 46 141 315 456 0 4
2,022 46 46 141 315 456 0 4
2,023 46 46 141 315 ¢ 456 0 3
2,024 46 46 141 315 456 0 3
2,025 46 46 141 315 456 0 2
2,026 46 46 141 315 456 0 2
2,027 46 46 141 315 456 0 2
2,028 46 46 141 315 456 0 2
2,029 46 46 141 315" 456 0 1
2,030 46 46 141 315 456 0 1
2,031 46 46 141 315 456 0 1
2,032 46 46 141 315" 456 0 1
2,033 46 46 141 315 456 0 1
2,034 46 46 141 315 456 0 1
2,035 46 46 141 315 456 0 1
2,036 46 46 141 315 456 0 1
2,037 46 46 141 315 456 0 1
2,038 46 46 141 315 456 0 0
2,039 46 46 141 315 -, 456 0 0
2,040 46 46 141 315 ~ 456 ] 0
2,041 46 46 141 315 456 0 ]

‘ "
«*%  TOTAL =

v
E-
w0
-
©o

4,514
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Table 8.5 : Financial Evaluation based on the Wet Blanket Scheme (Unit equivalent Million Rs)

)

FIRR=- 0076 B
YEAR  CAPITAL O&MCOST SALES TOTAL POWER - TOTAL NPVOF NPVOF
COST COST COST  REVENUE _ BENEFIT CcosT BENEFIT
1,086 309 309 o 0 287 )
1,987 721 721 0 623 0
1,988 1,030 1,030 0 827 0
1,989 1,545 1,545 0 1,152 0
1,990 2,575 2,575 0 1,785 0
1,991 2,575 2,575 ) 0 1,659 0
1,992 1,545 50 169 1,765 916 916 1,057 549
1,993 277 58 194 528 1,047 1,047 294 583
1,994 339 65 218 622 1,178 1,178 322 609
1,995 109 68 230 408 1,244 ' 1,244 196 598
1,996 69 71 240 379 1,296 1,296 169 579
1,997 72 242 314 1,309 1,309 130 543
1,998 72 242 314 1,309 : 1,309 121 505
1,999 72 242 314 1,309 1,309 113 469
2,000 72 242 314 1,309 1,309 105 436
2,001 72 242 314 1,309 - 1,309 97 405
2,002 72 242 314 1,309 1,309 80 377
2,003 72 242 314 1,309 1,309 84 350
2,004 72 242 314 1,309 1,309 78 325
2,005 72 242 314 1,309 1,309 73 302
2,006 72 242 314 1,309 1,309 67 281
2,007 72 242 314 1,309 1,309 63 261
2,008 72 242 314 1,309 1,309 58 243
2,009 72 242 314 1,309 1,309 54 226
2,010 72 242 314 1,309 * 1,309 50 210
2,011 72 242 314 1,309 1,309 47 195
2,012 72 242 314 1,309 1,309 43 181
2,013 72 242 314 1,309 1,309 40 168
2,014 72 242 314 1,309 - 1,309 38 156
2,015 72 . 242 314 1,309 * 1,309 35 145
2,016 1,770 72 242 2,084 1,309 ,. 1,309 215 135
2,017 72 242 314 1,309" * 1,309 30 126
2,018 72 242 314 1,309 1,309 28 117
2,019 72 242 314 1,309 * 1,309 26 108
2,020 72 242 314 1,309 1.309 24 101
2,021 72 242 314 1,309 1,309 22 94
2,022 72 242 314 1,309 1,309 21 87
2,023 72 242 314 1,309 . 1,309 19 81
2,024 72 242 314 1,309 ‘T 1,309 18 75
2,025 72 242 314 1,309 | 1,309 17 70
2,026 72 © 242 314 1,309 . 1,309 16 65
2,027 72 242 314 1,309 - 1,309 14 60
2,028 72 242 314 1,309 , 1,309 13 56
2,029 72 242 314 1,309 - 1,309 13 52
2,030 72 242 314 1,309 « 1,309 12 48
2,031 72 242 314 1,309 1,309 11 45
2,032 72 242 314 1,309 1,309 10 42
2,033 72 242 314 1,309 . 1,309 9 39
2,034 72 242 314 1,309 , 1,309 9 36
2,035 72 242 314 1,309 .' 1,309 8 34
2,036 72 242 314 1,309 ', 1,309 7 31
2,037 72 242 314 1,309 ' 1,309 7 29
2,038 72, 242 314 1,309 1,309 6 27
2,039 72 242 314 1,309 *' 1,309 6 25
2,040 72 242 314 1,309 ., 1,309 6 o 23
2,041 72 242 314 1,309 1,309 5 22
' JOTAL= 10,330 10,327



9. Conclusions and Recommendation

Thus report idenufies that

)

vi)

vil)

viii)

ix)

Remedial measures at Samanalawewa must be carmed out as.soon as possible for
cconomic, not Slerl)'. reasons o

' L
Construction of the remedial measures should be carmned out in such a manner that it
has the mmunmum impact on power generation Therefore construction should proceed
wilh reservorr walter levels above Minimum Operating Level {(El 424m) o
The location of the mayor arca of reservoir walter ingress has been identified as the
section of the Walawe Ganga between 700m and 1,700m upstream of the dam. The
main blanket construction-works will concentrate on this section of the river and it is
estimated that some 500,000m3 of fiil matcnial will be required

‘The blanket construction by dump-barge method is the most promising However a
combined approach using dump-barge method and side-dumping method may need to
be carned out usig carth moving cquipment assigned for dump-barge method at the
il stage before the barges are available at the Site, should the procurement of the
barges be significantly delayed ‘

0
|

In order to reduce the possibility of water bursts occurnng in new locations, the
blanket construction should be carnied out with the reservorr {evel held at about EL
430m so as 1o control reservorr levels below the expencneed maximum level as much
as possible Lo

To mummize damage to the natural blanket on the nght bank and to minimize the
cnviionmental impact of large borrow arcas the source of the fill should be the
Kincligune Borrow Arca, which was the source of the fill materials for the dam core.

Whitle construction of the main blanket is i progress additional groundwater
momtonng borcholes should be drnlled south of GW 14 50 that subordinate areas of
rescrvorr water ingress if they exist can be 1denuficd for subsequent treatment. These
borcholes should be of sufficient diameter to allow for the collection of water samples,
for cheniical analysis, as well as recording of water levels

Provision lor addiional blanket works, Follow-Up Work, should be allowed to treat
any subordinate leakage paths that are identified dunng construction This folow-up
work may be required at any ume unul the integrity of the remedial measures have been
proved to Full Supply Level Therefore the period duning which follow-up work may
be necessary 1s for at least two major wet scasons after the main blanket is placed, ie a
period of 15 years The provisional fill volume for thus period 1s estimated to be
500,000 m3

The study of cconomic and financial aspects of the project show that the project is still
sustainable with these additional costs of J¥ 4,378 Million and Rs. 246 Million to meet
the growing demand lor electricity in Sri Lanka.

It1s therelore concluded that the proposed remedial measures should be implemented as soon as
possiblc.
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