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APPENDIX B GEOLOGY

Regional Geology

" The contemplated Munda dam and reservoir on the Swat river is situated in a

teetonic zone developed in the southern foothills of the Himalayan range where

~ the Indian plate submerges northward under the Eurasian plate.  The Swat river,
" a tributary to the Kabul river in the Indus basin, rises north in Kohistan zone of
* Himalaya and flows southward through a wmdmg valley.

According to the Tectonic Map of Pakistan by Kazmi and Rana (1982) the
Project area is located in Hlmalayan Crystalline Schuppen Zonc between a
couple of cast-west !rendmg major thrust faults, that is, Main Mantle Thrust

'(MMT) on the north and Main Boundary Thrust (MBT) on the south (Ref

Figure BL.1). .The bedrock is largely composed of crystallme schists and the

:terram is repeatedly cut by norlh dippmg thmsts to form a shmgle block
structure. : o

The thrust faults ofa srmple east -west trend Thowever, turn norlhward in the cast

" 1o form syntaxts or sharp curves eonvex to north near Muzaffarabad and east of
. Gilgit. These northward protrusmns of the land south of the thrusts are

mterpreted to show local outstanding mtrusmn of the Indian plate that resulted in
applying strong stress to both northwest and northeast. (Ref A. H. Kazmi and

M ‘Qasim Jan, 1997, Geology and Tectonics of Pak1stan Graphle Pub]nshers
- Karachi, Paklstan) : :

Bedrocks betwcen thosc two lhrust faulls are con31derab1y dlslorted and

dlslurbcd with beddmg planes gcncrally stnkmg north {0 south but with many

. and varicd local deviations. ~ Folding and fracturing of dwerse sizes are
 common as mdlcated by lhe frequent and 1rregu]ar changes in slrlkc and dipof
 strata, as ranging from N70°E/80°SE at Malakand Pass o N60°W/40°NE at the

o Munda dam site. Thc tectonic movement is reﬂected also in development of
_ B Mesozo:e melange Zones, a mlxture of voleamc rocks, ultrabastc rocks and other -
- . oceamc sedlments ' S .

i The prevallmg rock type is crysta]lme schlst of Palaeozou; to Mesozolc that :
: ;.mcludes graphlle schist, chlonte SChlSl mica schist wilh garnel. Calcareous

SChlSl and erystalhne llmeslone are a!so 1mporlanl local mcmbers " ‘The schists

are mtruded at piaces by bas:c rocks and gramtle rocks of whlch the latter is
o melamorphosed to gnelss in margmal Z0NCS. (Rcf Flgurc B4 1) '
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- thal musl sausflcd the cnlcna for deep dnllmg to cope wrth thc helght of the '

CB22

Geological Investigation

Previous Geological Iﬁvés[igation

In advance to the current Feasibility Study, a series of geological investigation
was conductcd for the Munda dam scheme by WAPDA in periods from 1964 to

1966 and from 1990 to 1991. A comprehensive gcologrcai and geotechnical

study was Larrrcd out in this pcrrods including geological mapping and the core
drilling of more than 900 m in total length with borchole water pressure tesis as
listed below:

' Gfo_iogical Investigation Conducted from 1964 101991 N

Borehole No. | Localion | Angle : | Depth

MV-1 . Rjgl]l bank, low lc\'cl - WfomV_ 300 ( 91im}
MV-2 : -do - ' 30°from V 200 i ( 61m)
MR-3 Right bank, high level = 20 fromV - | 2204 (67Tm)
MR-4 | Right bank, middle height - | Verlical - | 450 f1 (137m)
MP-5 " { Right bank, downslream | Vertical | 100 i (30m)
ML-6 " { Lefi bank, middle height Vertical . | 450 fi (137m)
MR-7 " | Right bank, high level Verlical T | 520 0 (158m)
ML-8 - .| Lefl bank, high level Verlical - 150 ft { 46m)
ML-& - | Left badk, downsifeam Vertical -~ - - | 200 fi (61n1)
MV-10 Left bank, on the terrace Vertical - 400 A (1‘22m)

T he core dnllmg already mcluded three long borehoics over 130 m of cach dcplh =

' conicmplatcd d'rm

Geologlcal Investrgatron l‘or the l«easrb:hty Study

T} he fo}lowrng gcologrca! 1nvesl|gatlons were performcd in lhe years of 1998 and
7 1999 for this fcasrblhl y study ' '

~a) Geologlcal mapping “of the dam sue and Ihe quarry sues al Sappare and -

" Todobo Banda.

. b) Prcparalron of the geologrcal map of lhc rcscrvorr area wuh the dala [rom
- Geological Survcy of Pakrslan Pcshawar Ofﬁcc and through geologlcal .

TCCOHHHISSQHCC

) Core drrlhng wrth water pressurc test: :
o Dam - powerhouse area - § 20 10callons " 1 300 m in total length o
Quarry sites (by WAPDA) 7 local_lorrs 450 m in tolal Iength .

- d): Exploratory adit:

; Dam site S t;lloo-atioxlis',_' _ 210i'rr1_in fotal Icng(h'--




o

. ¢) Scismic refraction prospecting (by WAPDA)

Dam site - 8 lincs 6,000 m in total length
_ Quarry sites. 3lines 2,450 m in total length
f) Test pit (by WAPDA) | |
- Sand and gravel borrow site 7 pits
Earth borrow site 8 pits
g) Laboratory test -
g-1) Earth material - (Soil mechanics tcst) Samples
Particle sizc analysis by sieve and hydrometer (ASTM D422) 18
.. Liquid limit, p]asti_c' limit, plastic index (ASTM D431) SR 18
. Specific gravity of soil (ASTM D854) N 15
| Natural water content of soil (ASTM- D4959) 18
Proclor compaction test (ASTM D693) 15
: Pcrmcab]hly test of compacted soil (USBR E- 13) 5
._ - Triaxial compressnon, uu (AS’I‘M D2850) 5
s Triaxial comprcsston CU with pore pressure obscrvallon (ASTM D4767) 5
a Dlspcrsnve characteristics (ASTM D4221) 3
Sand and gravel (Concrctc aggrcgale test) Samples
Sieve analysis of aggregates (ASTM C136) .5
Spcclfic grawly and water absorpl;on of coarse aggrcgate (ASTM C128) 5
o Spccnﬁc gravily and waler absorptlon of fine aggregate (ASTM C128)
" Clay lumps and friable parllc]cs in aggrcgalc (ASTM Cl42) -5
_ | Soundness tcst by sodium su]fatc (ASTM C88) & : 3
Abrasmn test of coarse aggrcgatc by Los Angelcs machme (ASTM C535) 3
. Chemical (alkali) reactivily test (ASTM C289) 5
g-3) Rock core specimen (Rock test) : Samples
o 'Watcr absorptlon and bulk spccnﬁc gr'wuy test (ASTM C127) .25

Unconf ned comprcssmn tcst of rock core specimen (ASI‘M D2938) 25
Trlaxml comprcssnon test of rock core spec1mcn (ASTM D2664) .5

. - plttmg are shown m 'I‘ables B1 to B4 '

:B'z'.z

l_-Method ol‘ Geolog;cal Investlgatlon

LOCallOIlS are as shown m Flgures BZ 1 B3 2 BS 1, B.‘S 2—1 and BS 2- 2

" Dctatlcd quanutles of thc dnllmg, the adltlmg, thc SClSl‘nlc prospectmg and the

- '7 "Ihc corc drlllmg of the dam = powcrhousc area was pcrformcd by ngh_ '
',chhnology Engmcermg Consu]tanls, Islamabad ‘under the supervision of the

o _J!CA Study Tcam usmg four hydraultc-drwcn rolary dnllmg machines of Acker,' |



Kano and Russia. The maximum depth of the borcholes was 180 m. A 30 m
long vertical hole was drilled at the river bed from a raft on the waler.

The core drrlhng of the quarry sites were conducted by WAPDA by usc of a
Koken OP-1, the drill rig of the srmrlar system to the above.  Double core
barrels were used for coring with dlamond blls T

Drill logs arc presented in the Dala Book.

Rock grade classification was made mainly aftcr the criteria of Central Research
Institute of Electric Power Industry (CREPI), Japan. The criteria are as shown

. in Tables B8.1 through B8.3 (Ref. K. K]kuchr K. Saito, K. Kusunoki (1982):

) Gcotcchmcally Integrated Evaluation on the Slabrllly, 053 R.4, Fourteenth
International Congrcss on Largc Dams) '

Walcr prcssure tests werc carrred out at 5 m slages in all boreholes in the dam |

site and the Sappare quarry site (See W'ltcr Pressure Test Data in the Data Book).

- The water pressure lesls were for the most part conducted by mcans of the
Lugcon est, except for four tests in holes M98 11 and M98-20 lhat were made

| by the open -end constanl head method.  For water leakage to lhe ground

surface, the Lugeon lcsl was not pcrformcd w1thm the dcplh of 2. 0 m.

. Inthe Lugcon test, water loss was rccordcd for 10 mmulcs undcr each of seven

_Adlﬂcrenl prcssurcs rising l‘rom 0.1 MPa to 1.0 MPa and thcn lowcrmg backto =

~ 0.1. The valuc of Lugeon unit that rcprcsents the secpage potentral of the
' bcdrock was calculated by usc of Ihc followmg formula

k= (qxIO’xln(IJr))/(2?I'LHx60)  when s 10r
k= (qxlO’xSmh"(UZr))/(Zn‘LHx60) © o when 10r>L>r
Lu qxlo“/ur o

thrc B
k: Cocﬁrclcnt of pcrmcabrhty (cm!sec) Lu '- Lugeon unit
| L Lenglh of test seclron (em) o -:' | Radrus of holc (cm)
H: j_ Water prcssure in head (cm) H A+ B+ C H o
A:  Pumping pressure head (cm) R _ , _
B: . Static water head from the mrddle part of the tcsl sectron up to thc top of the

~ . this shall be the head from the watcr level to the top of the hole (cm)
C - Hcrghl of the water prcssurc gauge from the top of the holc (cm)
Hf:  Friction loss of energy in the injection prpc (cm) :
: q - : Avcragc water m_|ectron rate (lrtre/mm )

* hole. If the groundwaicr is hrghcr than the mlddlc part of the lcst scclron o
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In the open-cn.d constant-head test for very soft rock or deposit, water was
poured infto a casing pipe installed to the bottom of the hole 1o maintain a
constant water table in it. The pouring rate was recorded as representing the
secpage rate from the open end at the bottom of the casing. The coellicient of
permeability was calculated by the following formula:

K = Q/(60 x 5.5rH)
Where.

& k: Cocfficient of perrllcabilrly (crn/sec.)

ro Radrus of casing (cm) -

H: Water head from the botlom of the hole up to the conslant waler Ievcl
- It groundwater table is hrgher than the bottom of the ho]e His lhe height of
_ the conslant waler level from the groundwater table. (¢m)

~Q: Rate of water supply (cm*/min.)

The exploratory adil was cxcavated by Hrgh chhnology Engmeermg'

'Consultanls Islamabad, under the supervrsron of the JICA Study Team.  Three

air compressors were mobilized for this work For solldrty of the bedrock, the

'adrt support was rarely requrred

_'lhe seismic refraclron prospectmg was conducled by WAPDA, using the
' amplifier- oscrliograph -recorder system of Oyo McSEIS-SX with 24 channels
'wnh geophoncs at Sm intervals. The records of the seismic refraction

prospeclmg_, was 1nlerpreled by WAPDA fo]]owrng the melhod of Generalrscd

Reciprocal Method (GRM), and then rcvrewed lhrough the Hagrwara Melhod by

the JICA Sludy Tcam, taking into consrderatron the outcomes of lhe core drrllmg

Thc les{ pits for earth bortow were dug by WAPDA to (he depth of 5m or il '

e rock of groundwater was encountercd wrlhm that deplh The test pits for sand |
 and gravel deposrls were dug to 1.5 or 2.0 m. The samp!es were taken in lhe :
_ .prls and carrred to the materrai testrng ]aboratory for the tests as lrsted above. |
‘The lesls were pcrformed to meet the specrficatrons accordmg 10 ASTM as

shown in lhe lrsl

'_"_‘SIte Geology o
_ Geology of Dam Srte -

e '.*The Munda dam srte is Iocated approxrmalely 5 krn norlhwesl of the Munda
b Headworks on lhe SWal river, where the river flows east- norlheast for a section
C of aboul 2 km in leng!h whlle 1!s general coursc is orrenled southeasl

.5"35. o



The bedrock is composed of crystalline schists of Permian Duma Formation that
 strikes at N30° to 70°W across the river nearly at right angle and dips more than
40° northeast or downstream. Strong joints of onc group are ncarly parallel
~ with the schistocity or the bedding plane, and those of the other group strike at
ENE-WSW in the direction similar to the river course dipping either southcast or
northwest. - In the Pre-Feasibility Study the schist \:vas classified into scveral
groups, that is, chlorite-mica schist, quarlz-mica schist with talcosic bands,
chlorite-mica schist with limcslone bands and carbonatious graphitic schist, in
order from the upstrcam outcrops to the downslrcam, or the lower strata to the
uppcr horizon. Other than the schist, limestone beds of several meters (o several

" tens of meters thickness arc intercalated in the schist downslrcam and srgns of

local occurrence of dolcrmc rock in the dam site are reportcd

'ConSIdermg thc complcxlly in mmeral composrlron of the schrsl a dr[’ferent '
‘approach of ciassrﬁcatron referring | to their original rock type is made in this

reporl as follows

- coarse pelmc schist or psammlllc schlsl
- 'i"nc pelitic schist,
- calcareous pelmc schlsl
- green schist (coarse and fi ne)
-~ siliccous schist, '
- llmcstone or marble.

| Thc classifi cation of pehllc schlst is for lhe mctamorphosed rock ongmalmg in

muddy sedrmcntary rock, whrch 1ncludes a major parl of the chlorite-mica schlsl '

“in the Prc-feasrblhly Reporl The green schist covers the doleritic fock that is
" more or loss melamorphosed and schlslosc “and SChISlS that are formed by -

- alteration of tufl or other rocks of volcanic ongin rI‘hc srllceous schist,”
o composed largely of quarlz, is ncarly correlatwe wrth the quartz-mrca schist of

. - the Pre«Feasrblhty Reporl

~ The dam wrll found marn]y on the hard srlrceous to psammlllc schrs{ on the leﬁ )

3 bank and the grccn schlsl on the rlght bank Splilway weir and chute will be

. put on the srhceous schist and the grcen schist. - The plungc pool w1ll be .
-'__srluatcd in lhc calcareous pehtlc schlsl The pehtrc schist with hmestone band

wrll be foundatlon of power house (Ref F]gure B3, 1)

Al any c]assrflcallon the bedrocks in fresh and mlact condmon are hard or
: moderalcly hard. On outcrops, thc rock appears more or lcss weaker on the _.
- surface, wealhered and slacked by opcn ]omts and fohalron plancs “In the .- :_'
~meantime, lhc weathcrmg does not appear so deeply dc\/eloped and somehmes -
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becomes slight or virlually' ineffective at the depth of 5m from the ground

“surface, especially near the valley floor. In the adit No.1 at EL. 380 m on the

left bank, the rock was found slacked only in the superficial 2 m section and
sufficiently solid in the other part. (Ref. Figures B3.3-1, B3.5-1 and B3.5-2)

Lugeon tests in the hole M98-3 at the lower part of the abutment on the right
bank and in !he hole M93 2 at the middle height showed Lugeon values less than
10 at depth more than 10 m or 15 m (Ref. Figurcs B3.4-1 to b3.4-4), The holc
M98-1 at the hrghest level of EL. 603 m near the contcmplated dam crest,

: howevcr, showed 128 10 42 Lugeon. unit to the depth of 20 m and 10 to 20
~ Lugcon unit even in the deeper section to the depth of 65 m.  This is deemed to

reflect relatively intensive slacking of the rock in the parts of the slope higher
than the level around EL. 560 m. This level is to be 'consider_ed as a sort of
boundary in foundatlon engineering condmon - Higher than this level, the

~ bedrock is vrsrbly more slacked and unstable as is represented in thin and -
- winding ridges.  In the borehole M98- 13 at EL. 564 m on the right bank saddle,
. the Zone deeper than 20 m indicates only a little Lugeon value lower than 3.0.

' On the lefi bank, lhe borehole M98- 14 on the terrace 20 m htgher than the river,

showed hlgh water loss of 53 Lugeon unit only between the depths of 2 m and

- 7Tm, bul ; lower seepage potentta] less than 2.0 Lugeon unlt in a]l sectrons decper

than 7 m . Other boreholes on the lefi abulment “however, tend to glve rather

- high Lugeon values till relatWely deeper reaches. For mslance a value of 20
o Lugeon unit was given at the depth of 25 to 30 m in M98 15 at the middle herght
and a 28 Lugeon unit was recorded at the depth of 35 m in M98 16 at 170 m’

herght from the river surfaee The borehole M98-17 drilled at a hlgher EL. 572

- m for the sprllway weir sile has Lugeon value over 10 till the depth of 25 m. - It
s till the depth of 15 m in M98 18 at the similar helght R

] It should be noted that the pcrmeabtltty drstnbutlon as menlroned above docs not L

mean outstandmgly poor condruon Very high Lugeon values over 25 are not

_ 'kobserved in the zone deeper than 15 m, and the bedroek deeper than 30 m or

ﬂ 35 m shows Lugeon values lower than 5, the eondrlron that will neither take -
cement grout nor ' require grouhng Thts appcars rather favorablc even .

- compared wrlh other examplcs : : ' ' N

: in the sersrme refraetron prospectmg, as shown in Flgures B3 6-1 thmugh B3 6-7,
the bedrock under the dam axis is elassrﬁed into four velocrty layers as shown
: below in order descendmg from lhe ground surface

Layer 1 the velocrly 0.6 — 2 0 km/see for surface soil and zones of completely

to hlghly weathered rock (Grade D and Cl_.) or slaeked roek,



Layer2 the veloclly 2.1 -- 2.9 km/scc. for moderately weathered rock and

‘moderately slacked, cracky and/or highly pervrous rock zone (Grade

L CMY, _
Layer 3 the velocity 3.0 — 3.9 kmy/sec. for slightly weathered with open cracks
' for noticeable permcabrllly (poorer part of Grade CH),

~ Layer4 the veiocrly 4.0 - 5.4 km/sce. for slightly weathered or fresh rock zone, |

* practically waterlight wrth closed cracks.

The surface zone of very high Lugeon value corrcsponds with the Layers 1 and 2
mentioncd above, of which bottom reaches o depth of 15 m at places. The

Layer 3 represems the zone of 5 10 25 Lugcon unil and the Layer 4 mect the

deep sound rock zone with Lugeon value less than 5.

River gravcl deposit has thrckness of 7.9 m, or approxrmatcly 8 m, according to

- lhe drrlhng M98 S at the mrddle part of the river bed on the dam axis. It shows
1.5 km!scc of wave velocrty in the seismic prospeclmg " Soft and closely -

o foliated schist underlies the river deposit. Sound fock was reached at the depth

of 13.55 m from the bottom of the river, __The borchole M98-4, drrlled at an -
" angle of 60° from horuonlal across the bedrock under the river bed mel neither g

fau]l nor [ractured zone of any substanlral size,

" In the vrcrmty of lhe upslream edge of the dam or around the ]ocahon ofa p]rnlh

| ' in casc of the concrete facing roekﬁil dam four boreho]es were drrlled Three

holes on the lefl bank are M98-7 rnc]med from the river bank ‘toward the

K _ opposrte vank, M98 -6 about 30 m hrgher than the river and M98- 19 at lhe' '

middle height, whlle on the rrght bank M98 8 was drrlled at a spol 50 m hrgher
h lhan the river. ' '

The hole M98 7 frequently mel thin [raclured zones and sheared zones before it

| - reached 35 m of depth. - Whrle each of those weak zones has thrckness of only
05 to 1.0 m, therr aggregatron ‘makes the bedrock poor as a whole. ‘The _
' slrenglh of !he rock, even with those fraclures can be sultrcwnl for foundatron of -
| lhe dam and the seepage potemral shows less than 5 Lugeon umt of even none m._ '
~_ sections deeper than 15 m. Consrderrng that the water pressure tesls lndrcate ;
. more than 60 Lugeon in deplhs less than 15 m, lhe f'gure of 15 m is to be .
: regarded as lhe duly conservauve requlrement for the foundatron exeavatlon -

* (Ref. B3.3-5).

The hole M98 19 at’ EL 489 m on the Ieﬂ bank encountered secllons of .
extraordmarrly hrgh water loss more than 100 Lugeon unit at the’ deplhs of 20 - -
25 m and 30 - 35 m, while the scclrons deeper than 45 m are waler—lrghl The e

: hlgh permeabllrly sccilons are deemed due to loca] traclured zones or cavrlles in aE
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the calcarcous psammitic schist. Even if it is due to water loss through local
calcareous cavilics, they will not be of such major structure as to cause serious
water loss from the reservoir.  The bedding plane or schistocity strikes across

~ the river, not developing parallel with the river channcl, and karstic solution

cavilics, if any, is rather limited within a surface zone as explained in the later
paragraph on lhc reservoir watcr—tighlncss

In the meantime, thc foundation condlllons arc far better in M98-6 and M98-8
high on the banks.  Solid rock is reached within the dcpth of 5 m, even though

~ some minor s'oﬁ rock zones are intercalated in parts.  The bedrock decper than
14 m is almost complctcly free from harmful dclcrloratlon

g Thc llmcstonc beds are located approximately 2 km downslrcam of the dam site,

far cnough 1o have no effect on under-sccpage through the dam foundation.

~Thin limestone layers intercalated in the schist nearer to and downslream of the

dam axis show signs of so]utlon and cavily formallon at places, but will cause no
undcr-seepagc prob]cm bccausc of their drrcclron right angle to the river

“channel.

Geology ol‘ Powerhouse Srle E

" The powcrhouse on the rlght bank will be placed on the pclltlc schlst of which

surface zone is hlghly wcathercd into the rock class CL (Scc Tables B3.1 1o
B8.3)to the depth around 3 m. Thc wealhered rock, however, is slrong enough

o support the powcrhousc whlch has no sever: foundatron cngmccrrng

' rcqurremcnt

Geology of Dwersroanower 'llumel

A power Iunnel is phnncd on the nghl bank and two drversron tunnels arc on
:. the lefi bank Most of the tunnel routes consist of intact rocks and no scrious
problcm is envrsagcd on slabrlrly of tunnel faces and spnng water durmg the
' .cxcavalron (Ref. B3.3- 4) Outlets of the three lunnels are located on the stable

rock bed ‘with dlp-slopc The existing ba]ance of stabrhly should noi be

: 'drsturbed by care]ess uncontrolled excavatron

"I‘-E*or ihc oullcl of thc powcr lunnci on lhc rrght bank lhc borcholc M98 11 shows
'lhal the rock is sohd below EL. 373 m, or Ihc dcpth of 8 m from the bottom of

o 'lhc gu]ly ncar lhc powerhousc srte
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- Geology of Spillway Site

' The spillway chuic on the left bank is underlain by siticeous schist, green schist,

and pelitic schist (Ref. Figure B3. 3. 3) ~ Al the higher pomon of the chute, the

siliccous schist is flaky and slippery, comammg much mica. Occurrences of
“many local rockslides are scen on lhe east- f'rcmg d1p~slopes '

Yor the plunge pool, a substantial quantity of exeavatron will be reqmred at an
cxrslmg steep slope of the pelitic schist that will in lurn create a new steep slope
on its left side. 'The new slope will have joint planes dipping t_oward riverside
anrong' joints of other oriehlfrlions Rock sliding is possible to occur along the

~ joint planes, if the slope is high and sleep It' is thercfore advisable that layouls

causing high cut- slopes should be avmdcd Hrgh and sleep slopes should be
minimised. ‘

'As revealed by the dnllmg at M98 17, the foundation of the splllway weir will
~be on the srhccous schist which shows high Lugeon values over 20 till the deplh

of 25 m, or EL. 547 m. : If the foundation of the spillway weir is lower than this

“elevation, it will i_)e in soun_d_ rock that may take little grout.” At the lower end of

_lhe' spill\uay chute, the modcrately \uealhered pelitic schist lics u'n'dc.r colluvial
- deposit with lhlckness of 2m, and a good foundation of sound rock is reached at
‘ 'thc deplh of 5 m accordrng lo the dnllmg M98-12.

.' '(‘eology of Reservorr

T he rescrvorr wr]l develop in lhc long narrow gorgc of the Swat river, whcre lhc

; bedrock is wrdel)' exposed and the overburden is limited and thin (Ref Figure

B4. 1). Large land slide is not hke]y to oecur A main question lies upon

: possrbllrly of water leakage from lhe reservoir, cspcclally through lrmcstone

beds ihal might have been karstified.” Crysta]lme lrmestone beds occur in the _

.calcareous schist of the Lower I‘nassrc _Kashala I*ormatron and are also a
. member of the Permran Duma Formauon ' L -

- The Kashala Formalron is met by the reservoir at a fcw krlomelers upslream of
the dam site and in lwo parls fanhcr upstream. ‘Solution cavilics arc secn on the -

ground surface in some arca, e g. on the Ambahar rrver, a right bank tnbutary

.. 'These cavrtres howcvcr appear to develop only in the surface zone of the
bedrock within an extent of rain water infiltration and drainage. Thrckness of
'rldgcs separating the reservoir from adjaeenl basms is as’ lhrck as “several

* kilometers to 10 km. Thc Kashala Formatlon nearesl lo the dam site is - &
3 con{amed inside the barrier of olher formallons of Saldu and Duma to stop dlrect :
waler leakage ' ' R
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The dam site is on the Duma Formation that is composed mainly of schists.
Limestone beds are intercalated at places as mentioned above but make minor
corhpon_cms in the formation.  Signs of limestone solution are scen at places bul
seemingly within the surface zone where rain water circulates,

Bore hole water pressure test was performed in the limestone beds at Sappare

~ quarry sile, 3 km cast-northeast of'the dam site, to examine secpage potential of

limestone. Ina borehole Qs-1 d_rillc'd at southwestern part of Sappare and in an
upstream part of a gully through the deserted village, rather high water losses of

- 30 Lugcon unit or more were observed to the depth of 45 m with only onc

cxcepttonal test sectlon that showed 2.6 Lugeon ASm long test section below
the depth of 45 m mdlcatcd only 7.1 Lugecon. It, however, is nol known

) whcthcr the low scepage potcntla] continues dccper than the bottom of the hole

al the depth of 50 m. - Inthe meantime, the other hote Qs-2, a 100 m deep hole
drilied at northeastern part and downstrcam, showed low Lugeon valucs less .

th'm 5 in test sections deeper than 10 m. Al thesc condmons are deemed to
prove that dcvclopmcnt of the limestone solutton is limited within scvcral tens of
meters in depth where the infi ltrated surface water c1rculatcs undcrground and
drains agam to the ground surfacc ' L

The ]1m1t of locahsed watcr seepagc paths is also mdlcated by qulck

" dlsappcarancc of watcr sprmgs at Sapparc every dry season - The aerlal
' 'photograph also shows dlscontmmly of the lrmestone bed between thc reservoir

- area and Sapparc

- The hmcstone beds, thcreforc is deemcd to provrdc no serious passage for water
leakage from the reservoir.  The reservoir is deemed practically watertight.

: _Constructron Matcrlal

Constructlon materlal requlred for the Munda dam c0n51sts of (1) carth malcrlal

" for the 1mperv10us core zone of the rockiill dam, (2) pervrous material for the

-+ filter zone of the rockﬁll dam, 3). rock m'ttcnal for the rockfill dam and (4)

. coarsc. and fine concrete aggregates A consrderablc amount of investigation

BS.

. ‘and laboratory tests havc been done in thc previous Prc-Fcamblhty Study. The
prescnt crrcumstanccs for prospcct of matcrlal sources arc as follows

Earth Core Matcnal

< In thc Prc-Fcambrhty Study, sources of lhc carth corc matcnal were
' contcmplated with clayey deposrts on both stdes of thc Swat river within 6 km _

R : ~_downslream of lhc ex:slmg Munda headwork lhat is, “Abazax claycy silt sourcc



" on the left bank and “Sadar Gari sandy silt source” on the right bank. These
borrow pits area, however, would compcl to sacrifice extensive and fertile farm
hnds -

In the stage of the Feasibility Study, the invesligallon was cxtended to other
potential borrow areas (Ref. Figure B5.1), thatis;

- Kas _Korlma, on low hills on the left bank or thc‘norlh bank of the Lower
* Swat Canal that develops from the left bank of the Munda head work to cast-

soulheasl The haul dislance to the dam site will bc.around 11 km. This - -

site around Kas Koruna is for the most part not utilized for cultwanon
- Four (4) test pits, P-8 o P- 11 were dug in this site. _
- l‘angl on flat land and low isolated hills approxlmately 2 km cast of Kas
' Koruna. - ‘The haul distance to thc dam site is 13 km - Three (3) test pits, P-
1210 P-14, were dug. ' o : s
- West Saddar Garhl in the p]am wcst of the prev1ously contemplaled Saddar

- Garhi borrow area across lhe motor road. - The haul distance to thc dam site
oIS approxnmalely 10 km. * As a merit, this area appears now not bemg used
for any purpose, while there are remnants of many houscs allcgedly deserled '

_by Afghan 1mm1grants who have already evacuated One (1) test p1l P-15,
. was dug in thlS area. _ : -

Al thcse plls were dug to the deplh of 5 m except the plt P-14 1hal was 2. 5 m‘
decp (Ref Table B3.1 and l.og of Pit in the Data Book). - ' :

" Fifteen samplcs were lakcn from the plts P-8 through P- 15 and testcd on the -
~ characteristics of the ear_lh_ malerial _for_ impervious core zone of the fockfill t_;hm. '
The test items covered the grain size analysis, Atterberg limits, compaction, and -

~ then, triaxial compressive sirength and permeability of the compacted material.
_ Thc rcsults are summansed in Table BS 1. L '

: Drspcrsron lest was made for samples of P- 10 at Kas Koruna P—13 al Tangl and Lo
.. P-15 at West Sadar Garhr provmg that the smls are nol dlspersrve o

The matenals _oﬂen c_onlam large propomon of sﬂl while lhe clay conlents 'are.
© limited to around 12% or lower. ~ An excepllonally hlgh value i is 20% at the pit -

- P 11 at Kas Koruna which, however, lacks componcnl coarser than silt.” It
' appcars that the materials of the Kas Koruna and Tangl borrow area consrderably
V'\ry its quallty for the changes in lhe sedlmentary envnronmenl : '

o a) Earlh Malenal of Kas Koruna o

“The materral in lhe pit P-S in the northem part of the Kas Koruna borrow 1s_ | R
dwrded into two layers, the upper ]ayer 'md the lower layer wllh a bound'\ry at o
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the depth of 3.5 m.  The upper layer containing much gravel falls under the
category of GP or GW in the Unified Soil Classification of USBR. The lower
layer is classified to SW or SP with the 92% sand contents and a little fine
component. While these materials are good for'compaolion, the compacted
material will have still high permeability and are not suitable for the earth core
of dam. The low permeability reported from the laboratory is decmed due to
the té_sl on the saniplc of reduced contents of gravel ol_rcr 20 mm.

The material at the depth from 0.5 m to 5.0 m of the pit P-9 is for the most part
clayey sand classificd into SM close to ML, and usable forthe i 1mperv1ous core
zonc even if not-very stable from mcchamcal point of view. The material in the
surface zone not deeper than 0.5 m, which is fine and plastic, 1s suitable for the
malenal for laycr of contact with the rock surface.

Major parl of the matcrial in the pit P-10 deeper than 1.2 m is composed of

; sandy sill classificd into CL. . The laboratory test indicated no serious drawback

for the low clay contents of 6%. The consolidated- undramed tnaxml test of a
compacted samp]e has gwcn cohesion of 18 kPa (0. 18kgf/cm2) and internal

angle of friction at 28°

- Malerial in the pll P-ll near thc bowcr Swat Canal has relauvely high clay
- contems of 13 - 20% and almost no sand and gravel contenis. * The cohesion
~ and the internal angle of friction by the triaxial test of the compacted sample arc -

20 kPa and 31° fespccllvcly For the hlgh plasllcﬂy this material is su1l1blc for

~the contacl laycr wﬂh lhe Foundann rock

e Matcrlal of thc Kas Koruna borrow site will be usablc for lhe earth core zonc of

rockf ] dam, except for that in the norlhem part reprcsented by the pit P-8. The |

- diversily in its quality, as represcnted by the varied grain size distribution, may
 cause some difficulty in quallly control of the embankmcnl The optlmum
 moisture contcms varies bctwecn 10 and 20%, that is generally hlghcr than
' _nalural monsturc conlents ‘

' b) Earlh Matcnal of’I"angl

Matenal of the pll P 12 in thc western pari of lhlS arca is clasmf' ed to GW wuh

1 gravel contenls of 60 to 80%, and nol sunlable for the earlh core zonc

Matcnal of lhe pns P 13 and P14 falls under CL of lhc Um[ied Soil
C13551f" cation and can be uscd for the earth core, excepl the upper Iaycr not'
‘_ : ; deepcr than 2 mof P-13 that is gravelly and rather similar to the sample l'rom P-
B 12 Only in lhe malcrlal of p-14, the opumum molsture contenls are lower lhan '
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B5.2 Concrctc Aggrcgalcs and I‘llter Matenal

the natural moisture contents. The strength of the compacted P-13 material is
similar to that of P-11 of Kas Koruna, the pit ncarcst to Tangi. -

This borrow arca has drawback in the ionger haul distance and the possible
‘ inlcrl‘ctenéc with cullivatcd land and housing arcas.

<) Earlh Material of West Saddar Garhi

West Saddar Garhi has only one test ])ll and accerd;ngly is not relevant to

~ discuss about dwcrsﬂy in the ma{crlal This area, however, is topographically
- characterised by at cxlcnswe plam or a single scdlmenlary environment between
the Swat river and the hills to the west, not divided by low hills as other borrow
-~ arcas. - The samplc from the pit 'P-15 falls under the calcgory of SM in the
Unified S()ll Classification of USBR suitable for embankment ma{cnal and casy
o compacl The hauling distance can be shortest of all the borrow arcas. This -

borrow site in a deserted land also has a merit of less cnvnronmenlal problem, or

_lcss mlcrfercncc to lands cultivated or mhabltcd

~* For concrete aggregates and filter malcnal five test pns P- 1 lo P-S were dug up

to the depth of 1.5 min thc sand- -gravel bar on the Swat river bed downsiream of

: the Munda Hcadworks " Other two pits, P-6 and P-7, were also dug to the depth
~oof 5 m in the tcrracc gravel beds on the hll]s on lhc left bank and io the cast of

the Munda Hcaclworks (Rcf Flgurc B5.1) .

- Six s'tmplcs from the pils P-1, P-2. P—3 P-5 and P-7 were tcslcd in the laboralory |
~ for the 1tems of sieve analysis, water absorpilon specific grawly, [riable pamclcs
. soundness by sodmm sulfatc abras:on by Los Angelcs machine and chcmlcal
reaclivity.’ The rcsulls are prcscntcd in Tablc B6. 1

. The tests mdlcaled almosl commonly that the sand contcms in those dcposns are
rather low, with 27.4% as the hlghcsl value obtained and 15% as the lowesl.

Gradanon curve shows cspccmlly low pcrccntagcs for the medlum and coarse

sand Sand for fine concrctc aggregate wnll havc to be amficnally produced by
g crushmg lhc gravci ' Co T

) Gravcl of the Swal rlvcr bcd can bc acceptable for coarsc 1ggrcgatc of concrclc o
' 5 with spec:flc gravuy more than 2.70, absorpuon less lhan 1.0%, wclght loss atso
less th'm 1.0% in the sodium sulfate soundncss test, not more than 6% loss i m the
Los Angelcs abrasion test and lcss lhan 0. 3% of contamlha(mg subslanccs w1lh
soft particles and clay lumps Al lhe samplcs fcll under the area of mnocuous )
: aggregfilc in the chcmlcal alkali rcaclmly test. - ' -
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B5.3

Gravel deposit on the left bank hill is inferior for concrete aggregates to the Swat
river gravel, in its high water absorpiion and contamination. " It, however, has
possibility for a filler material if boulders of size over 200 mm are removed.

-Rock Material

" Solid and massive rock material was sought for dam embankment. The previous

mvesugatron found two polenlnl limestone quarry sites. Onc is localed around
an old and deserted village of Sappare on a 200 m high hill on the left bank of

~ the Swat tiver and approxrmfitcly 3 km northeast of the dam site. The other is
“at an lsolaled hill near the vrllage of Tangl at 16 km of haul distance. '

- The Tangr quarry site wrth very lnmted quantrly and long haul dlslance has been

drscarded 'l‘he Sappare quarry wrth two limestone beds with apparent '

" ihlckness of 40 m and 200 m appeared to gwe suffi cwnt quanhty of rock -
~ materlal More dctalled geologlca] survey, howcver revealed lhal the second
' layer is only locally thick due 1o a tight foidmg and is thinner in most parts.

The expeelable reserve has been lhereby reduced to approxrmatcly 5 million

cubrc meters

Asa result of l‘urther geological reconnarssance, another potenual quarry site at

o Todobo Banda was mlroduced for the study. This site is located on the rlght
" bank of the Swai river approxrmately one kilometer upslream of the dam site and
o will produce quartzite and siliceous SChISt In consequence the core drrllmg

and the seismic fefraction prospeclmg were catiied out in Sappare and Todobo

' Banda (Ref B5.4 'md BS 5-1 to B5.5-3). The locations and quantity allocation
: are shown in Frgure B2.1, Flgure B5.2-1 and Flgurc Bs. 2-2. The results of the
E laboratory rock lesls are scen in Table B7.1. -

In the Sapparc quarry srle wrth llmeslone two bore holcs were dnllcd ic., Qs- 1 _

L _wrih lhe dcpth of 50 m, and Qs-2, wnh the depth of 100 m. The seismic
= refracuon prospeclmg was carried out on a smgle line of 500 m in length lhrough

those lwo dnllmg focations. Rock zoncs of the velocily 3.5 1o 4.0 km/sec, g

" under a few melcrs thick OVCrburden, will -produce suflrcrenlly sohd rock
i matcnal as indicated by the core drilling. Five test pleces were selecled from the - .
-core samples and senl to the laboratory for tests of unconfmcd comprcsswe

| __‘slrength water absorpllon and bulk density. The compressrve strength of fresh
B llmestone rangcd Erom 31 35 MPato 39.18 Mpa, or apprommatcly 30 to 40 Mpa. - 3
" .The oulstandrng merit of the Sappare quarry is lhe avallabmly of boulders or blg
o 'rock blocks as 1nd1cated by the drrllmg core samples of unit lcnglh over 1 0 m,
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"whilc quantity of the hard limestone is limited. The Sappare quarry will be

viable if the schist associating the limestone is utilised for parts of the dam body.

In the Todobo Banda quarry with quarmte and quarll nnca schlst five bore

holes, Ql 1 through Q1-5, were drilled to explore quality and quanhly of this
quarry site; with the hole Qt-2 to the depth of 100 m and others rcspectlvc]y to

- 50 m. . The seismic refraction prospecting was performed on two crossmg lines

with the lengths of 1. 0 km and 0.5 km. Ten (est pieces were collected from the
core samples of the holes Qt-2 and Qt 3 and tested in the laboralory for the

_ unconfi ned comprcssrvc strength, water absorplron and bulk densuy Results of
" the tests showed some variation.  The unconfincd compresswc strenglh was

high for seven samplcs ranging from 58 Mpa 10 167 Mpa, while three other
samples fell undcr a range bclwcen 8.5 Mpa and 22.3 Mpa The rock in Qi-1

- was mainly quartzile, while in all other holes quarlz mica SChlSl dominated.
The rock of Todobo Banda is characterrslrcally tends to brcaI\ into small

fragmcnts of 5 lo 15 cm of drameter by schrslosc fohallons Quanllly is -

su ﬂlcrenl

Selsmlcrty

The pro;ect arca is located in a hlghly aclwe ieclomc zone wrih thrusl faulls in

the Hrmalayan fool h1]ls and ina region of hlgh scrsmlcny

o Earthquakc nsk of the dam was cvaluated bascd on carihquake records obtamcd

lhrough internet from us Gcologlcal Survcy Those arc data of:

~i) 26 events of signifi can{ earthquakes over 5.5 of Magmludc in lhe Rlchter

scale with epicenters within 300 km of distance from the Munda Dam site
(34. 35°N/71. 33°E) that were recordcd in the perrod between 1896 and 1992,
' and - ;

ii) 2, 259 events or all carlhquakcs ovcr 1 0 of Magmtudc in thc Rlchter scalc |

~ with cpaccnlers wuhm 300 km of drslancc from the Munda Dam srte ll'l"it
= were rccorded in the pcrrod of 25 5 ycars from 1973 to 1998

r-Thc latter dala of 2259 earlhquakcs wcre mamly used for cvaluauon of -~ -
'_ scrsmrcrty For each carthquake estimated was mtcnsny that could have been
- felt at the Munda Dam site by use of formulae of altenuauon relatlonshlp, one

from Cornell and the other by Kawasuml

Thc formulae of ailenuatlon rclatlonshlp used are as follows o
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- Formula according to Cornell
(Cornell, C.A., 1968, Engineering seismic analysis, Bull. Scism. Soc. Am.
Vo158, pp.1583-1606)
F=80+1.5M-25Lnr
where |
& Earlhquake Imensrly in Modified Mcrca]ll Scalc felt at the dam site
M: Magmlude in Richter Scale _
r:  Focal distance in kilometer 1 = (d® + W% + 400)**
 d: Epicentral distance (km)
~ h: Focal depth (km)
logA 0.014 +0301 *
where, e .
A Pcak horrzonla] acceleralron (em/sec? or gal) _
(*Tnfunac M.D. and Brady, A.G, 1975, On the corre]alron of seismic
lmensrly scalcs with the peak of recorded strong ground molron Bul]
Scism. Soc. Am. Vol. 65, pp.139- -162) |

- Formula accordmg to Kawasumi _' :
S _ . (Kawasumi, H., 1951, Measures of carlhquake danger and expectancy of
{% ) B _ | o maxlmum intensity throughoul Japan as infetred from the seismic aclrvrty in
' hlslorrcal times, Bull. Earthq Res. Inst., 21, pp469 482)

. ij =2 M - 4_.60_52 logd- 0.00183 d- 0.307 (wh_en dis not l_es's'than 100 km)
“1j=2(M-logr)-0.016681-3.9916  (when d is less than 100 km)

L A=045x10%7 ©~ (whenTjis not more than 5.5)
A= 20x10('f5) SRR o (\vhcns.s<1j<7.o)

: where :
B I E _E'rrthquake 1ntensrty in Japan Meleorologrcal Agcncy Scale (JMA)
M Magmtude in Richter Scale :
~d: Eprcentral distance (km)
r: ' Focal distance (km) _
- _' A: Peak ground acceleralron (cm/sec or gal)

- : Number of earlhquake evenls was counted for each mtensrly slep, ie, Inlensrly

105 5 10 14), Intensrty 2 (15 10 24) Inlensrly 32510 34) etc and then -

_ accumulaled lo obtain the number of cvents in 25.5 years exceedmg the gwcn'

L mtensriy for each of lhe same mtensrty s{eps Each number for each slep was

_ - dlvrded by 25. 5 (years) to get lhe numbcr of cven{s per one year exceedmg the
: : grven mtensrly (Nc) : -
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According to Guienberg, the eaflllquakc intensity (1) has a lincar relationship
- with the logarilhn"l of the number of earthquakes exceeding that intensity, that s,
log Nc=p+q.l, '

where p and q are constants. The values of I and Nc were plotied on a graph
(Ref. Tigure B6.1), and the point where the T - log Nec line intersects the
horizontal line for 0.01 of N¢ gwcs the probable maximum carlhquake intensity
~ for the return penod of 100 years ('md 0. 005 of Ne for 200 years) The result is
as follows: '

| l\‘laxinluta_lntenslly and Pea_kAeeclcralinn

Maximum Maxinium Maximum Peak

Intensity in MM | Intensity in JMA Acccleration
: : ~ Scale ) Scale : ' :
According to Cornell - 0 013 - . 1 154 pal
Accoxding!o Kawasumi | - ~ 45 ’ SOgai :

On the olher hand, it s assumed that Max1mum Cred1ble Earihquakc is

- gencraled at the distance of 10 km duc to the Main Mantlc Thrust and has

' Magmtude of 7.0 and focal depth of 40 km. The distance of 10 km is uscd

| conscrvatwely 1o cover some obscunly in lhe exact location of the major faull o

"~ and also possible subordlnate faults nearer to the dam site.’ Magmtude 7 is

" deemed to be the p0351ble maximum from the cx1sung records of earthquakcs
' gencraled at depths within 50 km and in the soulh of the Main Maitle Thrust.
> The rccordcd Magnitude there do not exceed the range of § to 7 (Ref A H
Kazmi, 1979 Prehmmary Scismolcctonic Map of Paklstan Geologxcal Survey
“of P Pakistan). ~ Intensity and peak acceleration are csumatcd at 9 and 500 gal by
Cornell’s altenuahon formula shown above

The Maximum Crcdlble Earlhquake accelcration of 0. Sg esnmatcd abovc is a
tittle higher than those in the Pre- Fcasnblllly thal rangcs from 0. 1Sg (accordmg to -
Boll and Abrahamson, 1982) to 0. 35g (accordlng to Knmuky Chang & Nulul:, -
1988) There, howcver seems to be no cssentlal theoretlcal dlscrcpancy up to
this poml : : ' :

- The peak accelerallon works only for a I‘Iachon ofa second and vmually unable '
. o effect any damage upon dam slruclures Subslanllally durable accelerahon is -
: )far loww than the peak value, for example a lhlrd the peak accelerallon From -

this v1cwpomt the practlcally damagmg acceleratmn lcvel from the max;mum e

- credlb]e earlhquake can be 170 gal Thc maxlmum credlble earthquakc,

E hnwever, is lhc concewab]e strongcsl earthquake of which probablllly of
: occurrcnce lS very low 1 is del‘ ncd thal some damages upon structures by =
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Maximﬂm Credible Earthquake should be accepted if those damages do not lead
to serious hindrance of their function.

With all the above results of evaluation in mind, the appropriate carthquake

acceleration is proposed at 0.15g for the pscudo-static design against earthquake

risk. This value is deemed reasonable compared with other examples in such
highly tectonic zones as Indonesia, Nepal and Japanese Archipelago as well as
some examples in Pakistan.

~ Situated in the leclonic zone, the possibilily'of reservoir-induced earlhquake

cannot be climinated. However there is no major fault in the reservoir arca that

'mlght generate carthquakes of high magmludc. The assumpllon for the

estim_a'tc of the Maximum Credible Earthquake mentioned above, ‘Le, an
e'irthquake of Magllilude 7 at the distance of 10 km and the depth of 40 km, will
well cover a p0531ble earlhquake lh'}t may occur in the rescrvoir. - The
magmludcs of reservoxr-mduced earlhquakes are not high in general, as in the
examples of Cirala Dam, Indonesia, not more than 3.8. The maximum peak
acceleration less lhan 500 gal or O. 5g that works only in an instant will be coped -
with by the proposed des:gn acccleratlon of 0.15g.

Futurc Invcsllgatlon -

_.The detallcd geologlcal an(}SllgalIOH wnll further be requued for lhe delalled |

design in the future “The main purpose is the conﬁrmatlon of the foundation

'condlllon at exacl leeations of the structures 10 meel the fi nally detcrmmed

layout, the conﬁrmallon of Ihe rock mechanical characteristics, the detailed

' E"conhrmatlon of the quarry siles, espec1ain about Todobo Banda quarry, and the

'delalled confirmation of the borrow area at Wesl Sadar Garhi. The
o 1nvesl|gauon will 1nclude but not_ be limited to the followmg items:

' (1) Core drlllmg

S Dam axis, from the level of dam cresl onbothbanks = -~ 200 m x 2 holes
o lelh foundation for a concrclc facmg rockﬁll dam - 50mx6 holes
: Splllway chute D T 40 m x2 holes -
~. River bed for phnlh and coffer dams _ - 30 m x4 holes
. Quarry sites, Todobo Banda - - - S0mx 8holes
:  Sappare o B SOmx4holes_ -
Re rcgulatlon weir sﬂc o S ol 50mx6 holes |
o Imgauon system R S - o 200m -
= R o (Total 2,000 m)
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)

3)

Q)
)

Exploratory adit
Todobo Banda quarry site _
In-situ rock test in the existing adit at the dam site

- Deformation modulus -
~ - Shear strength each with three test blocks

“Test pitling at West Saddar Garhi

Laboratory tests 7
- Rock material, drilling core sample B
- Earth embankment matcrial

B2

- 100 m x 2 adits

~ 12 spots

4 times

12 locations

- 30 s;implcs

20 sénhplcs
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Table B1.1 ) List of Drill Holes

5 Depth | Inclination . Coordinate Elevation
% No. (m) 1 (degree) Location Northing J Easling (m)
Dam site : - o
M98-1 70.00 N Dam axis; right bank | 1,124,626.040] 3,067,969.091| 602.613
M98-2 | 100.00 90 |Dam axis; right bank | 1,124,807.933] 3,067,915.867| 508.620
M98-3 | 100.00 90 Dam axis, right bank 1,125,022.213] 3,067,851.069] 417.211
M98-4 70.00 60 Dam axis; riverbed 1,125,138.763] 3,067,817.933; 379.708
M98-5 | 30.00 %0 Dam axis; riverbed 1,125,094.000; 3,067,825.000] 358.500
M98-6 | 70.00 90 - |Dam u/fs end; left bank | 1,125,140.165] 3,067,562.789] 395.089
M98-7 | 100.00 - 60 Dam /s end; riverbed | 1,125,018.645} 3,067,584.851| 370. 380
M98-8 70.00 90 . {Dam ufs; right bank 1,124,881.850 3,067,610.4617 417.032
M98-9 | 30.00 90 Tunnel intake 1,124,779.195] 3,067,458.727] 388.542
M98-10 ¢ 30.00 - 90 Power station .. 1,125,230.0081 3,068,226.471| 384.106
M98-11 | 30.06 - 90 . . |Tunnel outlet, right b, | 1,125,236.704] 3,068,380.158| 375.300
M938-12 | 30.00 - 90 Spillway chute 1,125.479.286; 3,068,221.870] 401.918
M98-13 | 30.00 %N Right bank saddic 1,124,213.465} 3,067,664.089; 563.674
-1M98-14 | 180.00 - 90 Dam axis, left bank 1,125,167.569| 3,067,834.841} 382.011
M98-15 | 100.00 - 90 Dam axis, left bank - | 1,125,237.329 3,067,787.588] 451.253
M98-16 | 7000 - 90 Dam axis, lefi bank - | 1,125,411.839| 3,067,732.004} 546.269
o {M98-171{ 60.00 90 Dam axis, left bank 1,125,567.789| 3,067,740.659| 571.860
IM98-1811 30.00 - 90 Dam axis, left bank 1,125,811.380; 3,067,632.113| 560.337
IM98-19 |  70.00 © 90 . {Dam ufs end, leflbank 1,125,285.282| 3,067,590.818| 488.720
M98-20 | 30.00 90 |Tunnel intake, tefib. | 1,125,104.856] 3,067,375.848| 418, g§4_‘
Total [1,300.00 L 1 N '
anrrx_sﬂe SR AR PT B . R R )
Q-1 50.00 90 Todobo Banda 1,125,326.226] 3,065,809.435| 662.321
Qt-2 100.00 © 90 . |[Todobo Banda 1,125,364.729| 3,066,101.804] 601.605
Qt-3 50.00 90 . {Todobo Banda 1,125,425,783| 3,066,422.702] 456.615
Q14 - 50.00 - 9 - iTodobo Banda 1,125,905.256] 3,066,280.909| 501.710
Qi-s 50.00 90 :  [Todobo Banda 1,124,946.310] 3,066,564.495| 489247
[Qs-1 - | 5000 - 90 Sappare 1,126,172.176] 3,070,357.495| 528.236
-10s-2 | 10000 ¢ 9% Sappare 1,126,371.357| 3,070,560.418| 513.373
Total | 450.6G0 ' : ' ' -
* ‘lable B2.1 List of Exploratory Adits -
Adit Location Coordinates of Portal | Elevation| Direction| Length
No. TRV Northing " Easling ~(m) -] of Adit | (m)
1 [Damaxis, teftbank |  1,125,198.642 3,067,877.682 383.244| N43W | . 60
‘2 |Dam axis, - righl -1,125,040.924) . 3,067,828.403]. 401.020] S12°E | - S0
- |pank - ' : N S U ' ' S
3  |Dam axis ieflbank 1125 446022 3,067,758.288| 538.467| NOYE 50
4 |Dam axis, nght 1, 124 764 137 3,067,941.393] 540237 SI16°E 50
.- [bank ' : G ' ' '
Total 210



‘Table B3.1 List of Pits

Sadar Garhi .

Sand and gravel

Swal river bed d/s Munda Headwork

P-1 1.50
P-2 1.50 Swat river bed /s Munda Headwork
" P-3 1.50 - |Swat river bed d/s Munda Headwork
P-4 1.50 - |{Swat river bed dfs Munda Headwork
P-5 2.00 Swat river bed d/s Munda Headwork
P-6 0 500 |Left bank hill ncar Munda Headwork
P-7 - 5.00 Left bank hill near Munda Headwork
‘Table B4,1 List of Scismic Prospecting Lines .
Line . ) Start End
: . Length - " -
No. Location (m) Northing Easting . |Eelvation] Northiog Easting | Etevation
- ' . S S I L) ' ' ()
Damsite : o . T _ 2
S.1 [Damaxis . : 1,000 [ 1,125,513.551] 3.067,709.196) 556.648 | 1,124,556.127] 3.067,988.054] 594393
" {(The right bank to the left bank) o e e R B 7
82 |Damoaxis o 300 | 1,125669.652) 3,067,728.887 581.053 | 1,125403.266] 3.067,724.460| 510.205
. (Middle portion of the left bark) S N - o AR :
$3  [Damaxis - | s00 11.126,077.998]3,067,549.626) 596,631 | 1,125,616.831] 3,067.744.122| 575.607
(Higher portion of the lefi tank) ' Lo B : B e -
S-4  {Spillway route o 600 |1,125497.075] 3.068,251.527] 426.021 | 1,125,508.167] 3,067,576.152] 430.654
S5 |Left bank teerace 900 11,125,335.881] 3,068,228.871] 380.677 | 1,124,975.383] 3,067,374.608] 393.785
S6 |Upstream part of the diversion/ 700 | 1,124,597.000] 3,068,092.000] 569.594 | 1,124,752.947] 3,067,411.045] 369.168
) power tunnel ) : o . : - - : . .
$7 |Downstream part of the diversion/ | 1,200 | 1,125,436.384] 3,068,524.853] 368.018 | 1,124,440.793 3,067,731.573| 559.115
) power (ungel ‘ - T T PR S IR .
S8 llefbank saddle 800 |1,124,661.758] 3,067,997.923] 584.112 | 1,124,040.320| 3,067.495.192| 592.220
Toal | - 6,000 - : L o B w
Quarry site . o . : . . S - - L
1t1 iTodobo Banda - 1,030 |[1,124,850.416} 3,066,592.854] 528.468 | 1,126,001.150| 3,066,252.550! 505.327
112 {Todobo Banda 850 |1,125,443.539] 3,066,516.027| 421.611 | 1,125.284.667| 3.065,681.008} 772.829
Ls-1 {Sappare ' 520 | 1,126376.011} 3.070,656.544| 506.326 | 1,126,162.144] 3,070,258.041] 535,016
Total 10 | o T

B2

No. | Depth (m) Location G
Earth core material :
P8 1, 500 Kas Koruna
P9 .1 500 [KasKoruna o

P-10 © 5.00 Kas Koruna

p-11 3.00  |Kas Koruna

P-12 500  {Tangi - N

P-13 500 - |Tangi

P-14 2.50 ‘Fangi

P-15 5.00
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Table B7.1 Summary of Laboratory Test Results on Rock Material

E : Bulk | Water Unconfined | Internal Cohesion &
No. | Hole No. * Depth (m) density | absorption | compressive | friction (MPa)
: S| Mg’y | (%) [strength (Mpa)] angle (°)

RO1 | M98-1 863 - 890 | 2633 | 234 1152 - -
RO2 | M98-2 | 4448 - 4491 | 2778 | 037 11.52 - -
RO3 | M98-3 | 1600 - 1627 | 2844 | 046 1340 - -
RO4 | M98-4 | 1467 - 14.82 | 2943 013 1037 - -
ROS | M98-6 | 946 - 9731 279% 0.19 12.10 - -
_RO6 | M98-7 336 - - 3069 | 2989 041 - 1440 | - | . -
RO7 | M98-8 | 1500 - 1567 | 2977 | 010 -| ~ 5072 - -
ROS | M9B-9 | 940 - 9661 2935 |- 016 1902 |- |-
RO9 | M98-10 | = 550 - 570 | 23833 047 - 4034 | . - -
R10 | M98-11 | © 838 - 862] 2895 | 039 1902 | - -
RIL | QS1 | 440 - 465 2664 | 006 .. 39.18 - -
RI2Z{ 081 | 1032 - 1073 ]| 2667 | 003 © 3233 | . - -
R13| o0s1 | 2023 - 2052 | 2678 | 021 | 3135 - HE
Ri4| QS-1 | 2772 - 2800 | 2678 | 007 | 3213 - -
RIS | 0S-1 3715 - 3743 | 2687 0.00 3507 0| - -
RI6| QT3 | 370 - 385| 2751 0.42 850 | - |- -
R17 | QT3 835 - - 852 | 271 0.00 . 66.81 - -
RI8 | QT-3 1382 - . 1400 | 2634 | .. 150 .| 1378 . .
RIS| QT-3 | 2060 - 2075 | 2614 | o088 | 2227 | - "|° -
R0 | QT-3 | 4755 - 4770 ] 270i.| 008 | - 5833 De -
R21 | QT2 | 48 - 500 2674 .| 053 | 6920 | & - | @ -
R22| Q12 | 1944 - 1960 | 2720 010 | - 6893 e
R23 | QT-2 2640 - 2652 | 2709 | 023 |- 167.00 - .
R24 | QT2 4445 - 4458 | 2711 017 .| = 15378 el -
R25 | QT2 5570 - 5588 | 2758 | 017 84.84 - ool
R26 | M98-1 | 818 - 848 | - - - 32.6 33
rR27 | M982 | 4700 - 4748 - ] - Co . e 254 11
R28 | M98-3 | 1630 - 1693 | ~ - | - - 10337 | 59
R29 | M98-4 | 1418 - 14.51 - e s 350 0 36
R30 | M98-5 | 1500 - 15.67 - - -] 418 10.5

e



Table B8.I Factors of Rock Classification

Assumed wnconfined compression strength (kgffem®)

Grade Stiffness
A Very hard {600 = Qu__ (hardly broken with clear sound by hammer
B |Hard 300 S Qu < 600 (difficult to break with clear sound )
~_cH Fairly hard  [100 S Qu < 300 (broken with dim sound by hammer)
CM Moderate 50 = Qu < 100 (easy to break with dull sound )
CL.  |Fairlysoft | 30 = Qu < 50( casy to break into small picces)
D Soft Qu < 30 (easy to break without sound by
Grade Joint Interval (cm)
1 30 =1
2 1551 <30
3 ~ 5 =1<15
4 2s51<5
-5 I <2
Grade _ . Joint Condilion
a Fresh, closely adhered
b Stained and slightly deleriorated along joints . : :
K Stained and deteriorated, intercalated with soft materials, or slightly open
d Open or un-distinguishable (Fragmented, sandy, silty, or clayey)
Table B8.2 Cﬂit_lbination_ of Factors for Rock Classification '
1i2713j4js|112i314151 112131435
a {B{BICH|CHICM| B |CH{CHICMiCM|CHjCH{CH{CMjCL
b{BiCHI{CH{CMICL|CHICHICMICM{CL|CH{CH;CM]CLCL
¢ {JCHICH:CM{CLICL|CHICMICM;CL| D |CHICMiCL{CL; D
d - - - - - - - = - - - - - - -
D - ._ B . F -
1l2]3{4]| 511 12;i3i4d4i5]|11213i4]35
a |CH|CH|CMI{CL| D [CMiCMjCL|CL: D [CMICL{CL] DD
b {CH|CM|CM|CL| D [CMICLICLiCL|D |CLICL]ID {D{D
c [CM|CL|CL] D [ D |CL|CLICLI D | D|DID|DIDID
d - - - - -i1DiD;DIDID|DIDjD DD
. Table B83 Expectable Physico-mechanical Properties
R 6 ok | Modulusof | Modulusof | - Shearstrength Seismic | Repulsiveness
classification deformation | . elasticity | Cohesion Int. friction{ velocily | through rock
SR (kgffcm?) (kgffem®) | (kgffcm®) | angle (°) | (km/sec) | hammier test
“AB | 50,000- . 80,000- 40- 55-65 3.7 36- .
o CH - |20,000-50,0001 80,000-40,000] 20-40 40-55 3.0-3.7 27-36 .
e 5000-200{}0 15,000-40,000] 10-20 30-45 1.5-3.0 15-27 -
CL,D 5,000 -15,000 | -10 £ 15-38 -1.5 - -15

BT5




_ APPENDIXB




).
e -
‘_ _/J,/ | e o
o : A -
" P/ 770 Malakand ay Zo%
NY 4o In
Dam Site \ %, - O Mardan - STER
( R B NI
T (% - . 11 |
- S =TT S
| J Peshawar 0 .. = e s P
Y OUNDARY THRUSS )
. L O Islamabad
According to Kazmi and Jan (1997):
. © Geology and Tectonics of Pakistan
g 20 40 6080 100km
- SCALE '
“FEASIBILITYSTUBY
ONTHE DE\'ELUPMENT OF MUNDA DAM MULTIPURFOSE PROJECT F igure BL.1

. IN'ISLAMIC REPUBLIC OF PAKISTAN

JAPAN INTERNATIONAL COOPERATION AGENCY

Tectonic Ske(chmap of Project Sxte -

BFI




" Munda borrow areas .

te

iy

@
& L]
& g
5 5
SR ? 5
g o
£
g g
— a1 ‘B

W

-y )
£
=]
o
?
=]
&
]
@
) &
o
¢
=
=
LV
Wl
- ‘.

&)
Tobodo Banda quarry site - / j

Munda Heédworks

 Sadar Gahri borrow area /

SCALE=1:100.000 -

o FEASIBILITY STUDY

N ISLAMIC REPUBLIC OF PAKISTAN

ON THE DEVELOPMENT OF MUNDA DAM MULT]PURPQSE PROJECT

Figure B2.1

B _I._ocation_h}lap ot‘_PféjectAr‘éa’

JAPAN INTERNATIONAL COOPERATION AGENCY




o
' ' -
! .




	Appendix B Geology 
	Tables

	Figures





