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CHAPTER2 SOCIOECONOMIC STATUS

Geographical Features

| Munda and iis sulrrounding‘are‘a in the Swat River basin is located in North-West
- Frontier Province (NWFP) 37 km north of Peshawar. - The Project is located on

the Swat River about 5 km upstrcam of the existing Munda Headworks at
Abazar near the town of Shabqadar Deri. The reservoir area of the dam extends
upstream to Mohmand and Bajaur Agencres, in Federal Administered Tribal

- Areas (FATA) and Malakand Agency in Provincial Admtntstered Tribal Areas

(PATA). . The total length of the waler reservoir is about 56 km in the rocky

_ gorge of the Swat Rrver

The area rs formed by barren and rugged hrlls and basins. - Very little'vegetation

© grows, except coarse grass, scrub wood, wild olive and the dwarf palm (mazrr),
which sparsely dot the hills. The Swat River flows through deep gorges 50 not

much cultrvable land is found along its banks. However, various placcs along

the rrverbanks are p1erced by deep nullahs /streams Patches of alluvral fans are

found at such confluences of the basrn

T he Warsak Dam left bank canal is the prmcrpal source of rrrrgatron area, whrch '

_ commands an area of about 3,306 heclares. Other sources accountmg for about -
- 42% of the 1mgated area are tube- wells, lift pumps, springs, channels, and small
o dams 'I‘he Palai Dam and Tangt ert Imgatron schemes bring under therr

- command an area of 1 862 and 715 hectares, respectrvely

e Presently only 6% of command area is cultrvated and the cultrvable waste land is

“about 173, 280 hectaresr Average farm size is two hectares Wheat, maize,
- comn, and sugarcane are the area’s major crops '

| 'I'he reservorr area “of Munda Dam falls in Mohm'md and Ba]aur Agency in
‘FATA which’ connects with Peshawar District. The Right Bank Command Area -
falls in the Mohmand Agency whereas the Left Bank Command Area is located_

m Malakand (PATA) The downstream npanan area is located in Charsadda_
Drstrrct : R . . _ _
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Admmrstratron Srtuatron N

Admmrstratron Sttuatton m NWFP and FATA '. -

WFP became a provrnce in 1901 in the lhen Brrtrsh lndra The provlnce is

i slrghtly larger than 100, 000 square kllometers with a current populatron of 17.5

| mrlhon Approxrmately 75% of the arca is under thc administration of the



provincial government mcludlng PATA and the rest is I‘ATA As shown in the
figure below and Figure 2.2.2, there are 21 districts in the province 1nclud|ng the
key districts of Peshawar and Charsadda close to the Munda Dam site.

N.W.F. Province

-

" Setlled Arca PATA | | FATA || | Frontier Regons
~ Total:? AR IR L ~ Total:6
. Districts -~ o | Tribal Agencics
Total:21 - Total:7
Tehsils - L o .. Tehsils

(Sub-Disliicts)

- : Local Body Unit
_ Local Body Uait ' _
Union Council Unit | .| Union Council Unit
. Figure221 - NWEP Administratiec Set-up

© ' Pach dlsmct is dwnded mto ‘Tehsu' ’ (Subdlstnct) whlch are further dwnded into o

local body and umon coungil umts In FATA, the tribal areas are comprised of

- mountamous temtory approxtmatcly 650 kilometers long which borders with
. Baluchistan in the south. - The FATA populanon is esumated to be over 3

.l“lll”l()l‘l 'Ihere are seven agencnes and six frontler reglons under FATA. The 7
agencms include Mohmand and Bajaur near the Munda Dam snte Agencws are -
- headed by Polmcal Agents appomted by the ane thster wnth the consent of

 the Chief Minister of NWFP. 'The six Frontler Reglons (FR) are managed by |

: Depuly Commmsnoners who are rcspon31ble to the Commlssmner of the Fronner
: Reglons The FRs are. located m Peshawar, Bannu, Lakkl, D I Khan Tank and
- Kohat. The Commnssnoner is recommended by the Pubhc Semce Comm:ssmn

_and appomted by the Govemment of Paklstan 'Fhe Commlssmner and Deputy _Z o [

_ Commnss;oners are cml servants



2.2.2

Administralion Situation in the Command Area |

The Command Arca (CA) likely to be affected by this Project is spread across

- three administrative units, namely, Mohmand Agency, Malakand Agency, and

one Tehsil (Tangi) of District Charsadda as shown in Figure 2.23. In
Mohmand Agency fall the three Tehsils of Yakaghund, Pandialey and Prang
Ghaar; in Malakand agency the Zehsil is ‘Dargai’; and in District Charsadda falls

Tehsil Tangi. The Command Area comprlses five tehsrls, and has seventy

towns v1llages or settlements (V/Ss).

The Rtght CA falls who]ly in two of the four tehsils (Pandialey & Yakaghund) of -

_ the Upper Mohmand Ageney and has a total of 32 thlages/Setllements (V/Ss)

o There are 38 VlSs in the Left CA and they are drslnbuted across all the three

admmtstratwe units: There arc 15 V/Ss in “the Malakand Agency, Zehsil

- Dargal 16 in the Upper Mohmand Agency, Tehsil Prang Ghaar and 7 in Tehsil
' _Tangl Dlstnct Charsadda ' L

. 'As descnbed earller the bulk of the VlSs fall in Mohmand Agency (48 of 70)
- Malakand Agency has 16 V/Ss and Tangl has 7. '

__ Admmlstrattvely, the three umts may be dlstmgmshable but on the ground the

lmes of demarcatlon are neither clear nor relevant In this report the Command
Area wrll be dealt wrth as a whote, desplte the fact that 1t straddles three dlfferent

' admmrsirahve entmes e

. Most of the V/Ss in the CA fall in FATA in the mbal temtones and are thus :

admmlstered accordmgly A ptcture of the Mohmand Agency admtmstrahve

. system will be given as most of the V/Ss fall in it. The administrative set -up in

the V/Ss located in Matakand Agency mirfors that of Mohmand Agency, and
those that fall in 'I‘angr Tehszt are admmlstered as in the rest of the provmce and

- coun(ry

S A Polmcal Agent located at Ghalam heads Mohmand Agency The Agency has

' two subdwnstons Upper and Lower Mohmand Upper Mohmand has three
" fehsils and Lower has four. The rehsrl headquaters are located in Ghalani,

- 'Yakaghund Prang Ghaar, and Lukaro - Bxcept for Lukaro, all tehsil

"headquarters fall in the CA An. Asswtant Political Agent heads each sub
_ - division while a’ Pohtlcal Tehsrldar is in charge of each lehsrl Sometlmes a |
o Pohtlcal Nalb Tehsr!dar may be in charge of a tehstl



223

Administration Situation in Energy Sector
Atlthe policy level, the Cabinet Committee 'on.'Energy (CCE), chaired by the

Prime Minister, is responsrble for the review and approval of all plans, policies
and pro_leets in the energy scctor,

' F_our ministries share the responsrbility for the energy sector. ~ The Ministry of

Water and Power controls the two vertically integrated power supply utilities,

" Water and Power Development Authority (WAPDA) in charge for the whole
: country' except the Karachi area and Karachi Electricity Supply Corporation
- (KESC) in charge for Karachi crty and its surrounding area.  ‘Their
: responsrbrlrtres include all the power supply activities covering power generatron

(WAPDA includes hydropower), transmrssron, and distribution in their

_'_concessron areas . The Ministry of Petroleum and Natural Resources is .
_ responsrble for the development and marketmg of all hydro carbon products
- The Lnergy ng in the Mrmstry of Planning and Development is in charge of

preparmg the energy poIrcy and pIans of the government. Mmrstry of Production

: (MOP) has ]urrsdrctlon over the State Petroleum Refmmg and Petrochemrcal

Corporatron and Pakrstan Refmery errted

" There afe three organrzatlons responsrble for hydropower deveiopment and

'power supply in the NWFP arca: (1) Hydro Electric Planning Orgamzatron .
(HEPO), a part of WAPDA, (2) provmcral government of NWEP itself, and (3)

Sarhad Hydel Development Orgamzatron (SHYDO) under the NWFP provincial

"'government handles the Pre- Feasrbrllty Study, Feasrbrlrty Study and Detaited
- Design mcludmg preparatron of Brddmg Documents of hydropower projects.
' The Provincial Government of NWFP is responsrble for rural electrification plan ~

and power supply to the remote FATA area. SHYDO handles small _
hydropower development SHYDO also conducts feasibility studles of |
"medrum/large run of-river hydropower projects to be 1mplemented under the IPP
,program ' S ‘ '

In 1997 to mtroduce a competmve power market in Pakrstan a fu]ly

L autonomous regulatory authorrty, the Natlonal Electrrc Power Regulatory :
e Authonty (NEPRA) was estabhshed for overseerng and controllmg power sector |
. - activities mcludmg power cost studres " NEPRA is also carrymg out actrvrtres -
o promote the estab]rshment of competrtlve and effrcrent power sector mcludmg B
- the private sector partrctpatlon :The NEPRA has now actrvely started hearmgs

 for tariff i rncreases by WAPDA and KESC

3 _’lhe ongomg restructunng of WAPDA has mvolved a eorporatrzatron process o
. in which its erght area electncrty boards drstrrbutron compames, will be N

24 .- | Lo
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converted into cight public limited companics, its 11 thermal power stations into
a number of public limited companies. - For this, Pakistan Electric Power

- Company (PEPCO) has been formed. © The transmission system will become a
- single public limited company. WAPDA wiil revert to its original role as an

orgam?atron respons1ble for the mamtenance of existing dams, the building of
additional dams on the main rivers and power statlons from these dams,

Administration Situation in lrrigation Sector
In itrigation sector reform, the National Drainage Prograrn (NDP) assisted by'the
World Bank and other international donors will provide a greater role for the '

o prrvate sector and autonomy for publlc sector agencres - Federal institutions

will .continue to be responsible for overall assessment coordmatron, and the
development of mter -provincial water resources and works. The Provmcral
-~ Irrigation Dramagc Authority- (PIDA), formed in 1997, is an autonomous

provincial water authority responsible for coordinating all planmng and

- development of water resources within the prouinces and handles distribution of _

irrigation water to _fina'nclally' autonomous independent public utilities at the

eanal command lével. A provmcral regulatory commrssron will regulate the
E 'Operatlon and Marntenance charges of the publtc utlhtres and ad]udrcate_
- farmers’ drsputes | L '

In NWFP the North West Frontrer Provmce Imgatton Drarnage Authorrty
'- (NWFPIDA), has been establrshed by the North-West Frontier Province
- Irrigation Dramage Act1997. T hough the basic framework of NWl*PlDA has

been set | up, the structure of the orgamzatron and process of lmplementatron will

" be establlshed following the recommendatlons by the Instrtutlonal Reform
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Consultants assrgned in 1999

| _Population '

: Accordmg to the prelrmmary results of the flfth Populatron and Housmg Census o
~ of Pakistan, 1998 the total populatlon is 130 6 mlllron indicating an average '

’ annual growth rate of 2 6% smce the last census in 1982, Populatlon in NWFP is

- 175 mlllron regrstermg an average annual growth rate of 2.8%. Populatron in -
- _FATA area is 3 1 mrllron wrth a slower growth rate of 2.1%. Erghty thrée percent

_ _'*‘:'fOf the populatron tn NWFP resrde in rural area compared wrth 67. 5% of the
c natronal total: : S _

- Accordmg to the freld survey conductecl in 1999 the fotal number of households '

in CA is 19 979 Of the total 78% of the households (15, 559) are adobe 3
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' below

(‘kutcha’) constructions, and the remaining 22% (4,420) are brick and rn_ortar.
Most of the households are large and joint, some with up to 80 members. The
joint family system is the cultural norm in this area and has been tradrtronally
prevalent, as it is economrcally beneficial. However, over the recent years,
changes in socioeconomics have resulted in a substantial level of out-migration. -

The total populatron of CA is 141,530, with 52.6% (74, 495) males and 47.4%
- (67,035) females according to the Survey in 1999. It is llkely that the female

population have been under-reported.  There is a very wide range of population
across villages and seitlements (V/8s).  There are V/Ss with a total population

_as low as 80, and on the upper srde, the largest V/S has a populauon of 18,000,

wrth a varlety of V/S populatlon sizes in- between

: _The entire populatron is ethmcally Pakh!oon and stnctly adheres to Sunm lslam

This can be gauged from the very large number of mosques 389, in the CA.

Socially the area is backward and tradrtronal foliowrng the Pakhtoon code/s For

example, segregatton of women is strrctly practrced - Three main tribes, namely,

 the “Utmankhel”, “Tarakrar” and “Burhankhel”, wrth NUMErous sub and sub- '
- sub trrbes rnhablt the Command Area. : B ' '

‘ The vast majonty of households belong to locals However there are certam
V/Ss with some Afghan refugee presence. There are a total of 1424 (7%)
| Afghan refugee households in the CA. ' Fifty of those are in the Left CA and the =~
: remalmng 1,374 in the Right CA. The Afghan refugees are located in Mohmand .

Agency and even within that, the bulk (1 220 households) are concentrated in

* four V/Ss, of which two are refugee camps ~ Thus, there are only two VlSs wrth .
- a mixture of local and significant refugee populatlons I—Iowever, there are no -

reports of tensron and/or confhcts bctween the loeals and the refugecs, qua '

‘ groups

Educatron and Health

- The male hteracy rate is 19. 37% and the female rate is 10 57% in the CA The' | :
- 'overall literacy rate is low compared to national or provmcral averages, whrle the SR
" male hteracy rate rs about twice that of females - The male- hteraey rate for the

NWEFP is 34. 1% and female llteracy rate for the NWFP is 12 8% _The frgures o

— ‘for Pakrstan are shghtly hrgher IR

* The numbers and levels of government schools 1n the CA are grven in the table' ‘




Government Schools in the Com mand Areca

PRIMARY x MIDDLE HIGH
F NF F NF F NF
Boys | .- &7 2 14 A 0
Girls 45 4 8 2 1 0
Total 112 6 22 2 9 0
F= Functional schools - NF= Non-functionat schools

- (Source : Primary Data Collecled by the Study Team)

'Besides the government run schools there are a totat of eight privately run
schools; seven functronal and one non-functional religious schools or
_ madrasaas and one vocatlonal school. There is no NGO-run school in the
" CA. -

| Although basic educational facilities exist, the quality is rather poor. Facilities
for h.igher or technical education are non-existent in the CA. However, proximity
- to cities like Charsadda, Mardan, and Peshawar makes it possrble for thc
-~ children of well to-do familics to obtain such education. ' '

- The health facrlttres in the CA are meager both in terms of 1nfrastructure and

personnel Consequently most people are compelled to travel to Mardan or
- Peshawar for health services.. The socrology and traditions of the area cross-cut
with the given reahtres in such a manner that attentlon to health especially of

females, isalow prronty

- Major health problems in the arca are malana krdney problems and cough, :
. colds and fever ' S o

F he Bastc Health Units (BHUs), doctors and other health facrhtles in the CA are

" given below

: Health Fa_ci&lities. in the CA

1 Health Facilities - : Numbers
Infrastructure i L : . T
~BHUs =~ o T s e S 10
Family Planning Centers S . .5
- Dispensaries - ' : S : 1
Medicine Shops (Retanl) T - 28
Personnel C . - S
o MaleDoclors -0 e ot e T i e e
~ Allied Health Personnel M'ale : S 64 -
. Female Doctors - - -~ L i , TR T
“- Allied Health Personnel, Female S 23 (Including 8 LHVS)

(Source Prlmary Data Collected by the Sludy Team)

Many donor agencres are provrdmg assrstance in educatlon health and human
: resource development through the federal government '

s 2-.7._-,.: :
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Labor Force and Employment

'Accordlng to the Labor Force Surveys in 1999 employment is defined as all
~ persons of ten years of age and above who wor_ked at least one hour during the
~ reference period, cither “paid employed” or “self-employed * Based on this
' defrmtron, the unemployment rate is estimated at 6.1% for 1999 in the country.

The most recent figure for unemployment in NWFP is not available, but the rural

- unemployment in Palustan was 5.7%.

Famung is the main economre actrvrty in the CA. ~ And most of the labor in the

" CA'is unskilled or semi-skilled as the tocal eeonomy can only absorb such

workers Such workers are all male and work on daily wages The skilled labor,

and the few trained professronals are, by necessrty, forced to migrate to citics
~ andfor to the Middlc East. Nevertheless the mlgrant workers maintain very close
.. links wrth the household by rermttrng or 1nvestmg a major portron of earnrngs in

the communrty to whrch they belong

- ere all rural communlttes in Pakrstan anlmal husbandry is an tntegral part of

i the economy. Domestrc ammals are included i in almost every household as they
- contribute in lmportant ways to its runnmg, from provrdrng food to berng a
- _source of income. : IS -

_ Grven the arrdrty of the CA goats and sheep are easy to raise and graze Most of

the grazmg is in the communal areas surroundmg the V/Ss and young boys take
the cattle for grazrng durrng the day. T here is no overmght movement o -
grazrng lands. Their meat and mrlk is consumed at home as well as berng sold 1n: '_
the larger settlements and/or nerghbormg towns and cities. - There were roughly

o about 48,000 goats and 21 500 sheep in the CA in 1999.

-There were about 37 000 Cows and oxen and 4 ,200 water buffaloes in the CA in-
1999, Their grazrng paltems are similar to those of goats and sheep Again, as

in the case of goats and sheep, thrs catile is both a source of food and some’
rneome through the sale of milk and mutton '

: There also are beasts of burden lrke donkeys mules and horses These amma]s
 are used in farmmg, transportatton of goods and people, as well as constructron
" activities. - At the trme of the survey, the donkeys and mules numbered 3, 900
B and there were 406 horses Cattle dung lS uscd as fuel as well as fertrlrzer '

There are a totai of 29 poultry farms in the CA in 1999 The chrekens rarsed in

these poultry farms are largely sold in the nearby markets in towns and crtres o

) There are three vetermary faerlrtres and one (vetermary) drspensary in the CA
: The veterrnary facrlrhes are loeated in vrllages Palar (Nusrat 7a1), Tehsrl Tangl o

2s




District Charsadda; Palai Barozai (Paloojor), Tehsil Prangghaar, Mohmand
Agency; and Gharib Abad, Tehsil Dargai, Malakand Agency The dispensary is
in Usmani Khel Garhi, Tehsil Dargal, Malakand Agency Malakand Agency is
also the most populated village in the CA.

' Soon after its establishment, the Government of NWEP developed the Industrics,
Coninierce, Labor; Mineral Development and Transpbrt Department to promote
industry, busmess and mmeral development in the province. In 1972, the
Govemmcnt development capacnty was strengthcncd by cstabllshmg the
~ Directorate of Industries, Commerce, and Mineral Development, the Sarhad
Devclopment Authonty (SDA), and the Small Industries Devel()pment Board
| (SIDB) to promote large- and small-scale mduslnallzatlon, trade, and business in -
the prownce ' ' SR

: Bcgmmng with only 11 mdusmal umts in 1974 NWFP has nearly 1,500
industrial umts employmg some 60 000 peop]e as of 1993 of Wthh breakdown
s as shown below ‘

' I_ndusirizi_l Projeéts,'InVes{ment & Employment

Period - Units - S Employment Investment
L . (Number) : (Number) - (million rupees)
Up 1o 1970 153 22,001 4,041
1971-1975 217 - 24,366 4,669
1976-1980 360 ~ 28326 5,701
1981-1985 - 632 ©. 35,153 - 9,962
1986-1990 - 1,033 4241 12,332 .
1991-1993 1,513 - 59,053 22,129 .
-~ Source: Sarhad Provincial Conservalion Strategy ' : o
Lo Industrial units in NYEP in 1993, By Sector
Induslry Units " Employment Invesiment -
_ Number % .| Number Y% {mil rupees) %o
Food, b""“?gc&_ - 392 259 14661 | 248 4873 | 220
‘Tobacco I it : Bk
- | Textile and I_cather 384 | 254 ¢ 20301 344 o 6331 286
] Wood & wood products | - - 72 48 1,052 18 4796 | 22
Paper & paper products | - 37 24. 2,509 . - 42 9958 4.5
Chemical, petroleum, | = .| - - ' R
rubber & plastic. 24| 161 6940 117 3894 | 176
products ik SRR e .
Mineral products - - 198 ] (131 53531 - 91 3,563 1 1l6.1
Metal & metat products | . 164 | 108 ] . 7,662 | - 130 1,865 8.4
Othes manufacturing - | . "y | y5| - s1s| . 10 128 06
1ndustnes - g : : :

Source Sarhad Provmcml Conscrvallon Slralegy :




(1) Government Jobs

As the educational level of the people i in the CA is rather low, less than 20% of
rate of education, most government employees are in low-paying jobs.
Howecver, a few families are highly educated and socially well placcd and some
of their members have held or are holding important posrtrons in various
_ government departments Most of those who have government ]ObS are lwmg'
| away from their hometowns, as the state infrastructure i in the CA is too meager -
to provrde]obs

_. (2) Mrmng

| Geologlcal studres of the CA starled i ina small way in the early 703 and that |
also in a disguised fashton because of clearance issues of such work in tnbal

arcas. ‘The CA seems quite rich in mmeral resources whtch arc bemg explorted :

in small ways by the locals, Mmeral potentral of the area includes talc,
decorative stones, dolomite, chromite, precious stones (emerald), asbestos,
soapstone At present talc is surface mmed in many places and loaded on
_ trucks bound for Peshawar and other cities. R

"(3) Small Industry

' 'There is a sma]l cottage 1ndustry spread over the CA largely focused on the i
_ 1nd|genous mineral resources of the CA ' o - : '

There are eleven marble and stone cuttrng, and chrp and chrp powdcr productron .
units in the CA However the pollshmg of marble is of low qualtty

. "'I'here are three untts that produce heater plates and one unrt for producmg brake

o lmmgs for vehicles. For these locally mined asbestos is used

, Usmani Khel Garhr in Malakand Agency, whrch is also the largest town in the E |

CA has five agro mdustnal units: One each of ﬂour and 011 and three sugar cane
' crushtng umts that produce Faw sugar ' S '

(4) Markets & Rcta:l Shops

Most of the V/Ss have general retarl shops where darly ]wrng goods are avallable; i

_ “The number and kinds of shops is a function of the demands m the V/Ss the '
c larger V/Ss havrng greater numbers and vanety of such shops | '

Three V/Ss all in Malakand Agency, have melas (open markets) where cattle |

~ is bought and sold. The mela is a tradrtlonal trade mstttutlon of the rural S
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Pakhtoon areas. The ‘mela’ is a hub of economic activity and takes place at
regular intervals, usually on a designated day every week.

Markets for wholesale items are located in the three tehsil headquarters, namely,
Dargai, Yakaghund, and Tangi. These markets are a source for wholesale

“purchase of non-perishable items like sugar, cooking oils, etc. For purchase of
~ more sophisticated industrial goods people havc to travel to Mardan or .
B Peshawar

_ Economrc Prof le and Gross Domestic Product

| _GDP for the frscal year 1998 99 in Paksstan was US$ 64 brllton equrvalent and

GDP per caplta was US$490 below target due to sanclions and disappointing |

_ “cotton ¢ and wheat yield GDP grew by 3.1%, lower than the target of 6%. This

) compared unfavorably to the 4.3% achieved in the previous year The key

- agncu]ture sector grew by just 0. 35% compared with a projeetlon of 5 4% and
the prevtous year ’s growlh of 3 8%

_' T he budget deficrt was expected to have fallen to the pro_rected 4. 7% of GDP
from 54% in 1997 98 whrle the current account deﬁcrt was cut in half to
. US$1 9brllron '

B '-_GDP growth is estrmated to expand by a rate of 5% in 1999 2000 whlle

agriculture and large scale manufaeturmg sectors are pro_]eeted to grow by 4.3%.

3 .'_Inﬂatron is expected to fall to 6%. The trade deficit is pro_;ected to be around -
: USSSOO mllllon against a defwrt of US$I 4 blllron in 1998 99. |

. Economrc growth slowdown caused the reductlon of the development budget to
- NWFP in real terms over the years from a total of Rs. 6. 1 billion in 1996-97, to
" 'Rs.3.9 billion in 1998-99. The reductron in pubhc sector development in

relatlon to GDP is more srgnlflcant slnce prlvate sector lnvestment is limited in

.' - the NWFP province. Foreign assistance is rmportant to NWFP. Durmg fiscal
year 1997-1998, Rs. 2.5 biltion of forergn assistance was utilized in development

pro_jects whlch was about Rs. 600 mllllon above the budgeted t;gure of Rs.1.8

' bllllon

o In the CA the main sources of income, in descendmg order are agrreulture,

:labor (mostly unsk:lled), remlttances of migrant workers “animal husbandry,

N ;_'ﬁ govemment ]obs, small busmesses, mmmg, and small cottage mdustry

S -Farmmg is the main economic actrvrty but the arable land resource base is
o :extremely small, roughly about 5- 8% of the total land in the CA. Fragmentation

g o of land holdmgs is w1despread and se]f-cultlvatlon is the dommant mode of farm
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o (Sourcc anary Data Collected by the Study Team)

R managcment Lack of 1mgatron is a major hurdle and much of the agricultural

activity is subsistence.

In descendmg order, wheat, maize, barley, sugarcane, and tobacco are the main

crops. The cropping patterns are undcrgomg a slow but definite change
towards hrgh value crops. '

Vegetables, onions and tomatoes are harvested quite abundanily in the CA and

- are an rmportant source of income for the farmers They are being marketed in

the proxrmal towns and crtres

’I‘here arc a few fruit orchards but the fru1t crops do not contrrbute much to the

‘ 1ncome/s However the fruits grown in lhe CA mclude dates, oranges/crtrus

guava and mango

Water for mrgatmg crop's', fruit orchards." and vegetables is bein‘g' Obtained by a
* variety of methods like tube wells, Sprmgs, ehannels, and ltft systems Most of

the 1rr1gatron systems have been cobbled together and are mamtalned by the

~ farmers. ‘These efforts rndlcate the capactty to work hard under drffrcult :
: crrcumstances : ' - ' '

The dtstnbutron of land holdrngs in the CA is glven in the followmg table

. Drstnbutton of Land Holdmgs b) I[ouseholds in the CA

o - No Larrd ‘Upto 1 acres 1-5 acres 6-20 acres Over 20 acres
Numberof | 8548 - | . .4963 | 2286 | - 1049 | 493
Houscholds | (493%) | (286%) . | (3. 2%) (6.0%) - -. (2.3%)

- As rs evrdent frorn thrs table, about 50% of people in the CA do not own any
~ land. Of those who do have land, the largest number (41 8%) have holdings of
- _only up to two hectares (6] acres) In an un- 1mgated area such small land
a L holdmgs can only provrde subsrstence outputs L A

' _1"I'he Pl’OjCCt is lrkely to have a srgmfrcant posrtrve rmpact on the agrrcultural o
; productrvrty of the CA. However, as the productive value of land i increases due T
T to rrrrgatron, conﬂrcts regardmg land ownershrp and use may also rise.

Infrastmctures o

- Natronally, the total energy supplres from orl gas petroleum coal and electrrcrty
. in 1998-99 stood at 41, 166 million barrels of crude ol (rmports 63%) 551,392
Jmcf of gas, 12 369 mrll1on tons of petroleum products (imports: 61%), 29

. mtllron tons of coal (lmports 25 percent) and 43 468 GWh of e]ectrtctty, e
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The total installed capacity of electricity (hydro and thermal) increased by 5.7%
during the first nine months of the 1999-2000 and stood at 19,659 MW, among
\vhieh PP account_ed 3,771 MW. The number o_f villages electrified increased
to 65,951 during 1998-99 against 64,568 in the previous period.

During 1998-99, the total length of roads in the country was 181,836 km. The
road density in Pakistan was 0.23 km.  The Islamabad- Lahore Motorway (M-2)
- was completed and opencd for traffic in November 1997. Islamabad-Peshawar
~ Motorway is expectcd to be completed in December 2000.  Pakistan Railways
~network consists of 8, 774 route km and 781 stations. The network of Pakistan
Internatronal Alrltnes covers 55 mternatronal and 37 domestrc statrons Three
prtvate air lines operate in the country and provrde air travel service to the public.
- Karachi port one of the two major ports in the country, handlcd 17 586 mlllron
" tons of cargo '

) The total rnstalled power capacrty in NWFP in 1996 was 3 762 MW, all in hydro,
- accountmg for 29% of the total natronal mstalled ‘capacity, reﬂectmg NWFP’s
- importance as a power generation base in Pakistan. In terms of power
fconsumptton NWFP consnmed 6,638 GWh of energy, or 17% of the national

total. The share of NWFP in power consumptlon however has been mcreasmg

m the past ten years, from 14% in 199[} to 17% in 1997 '

B 'Per caplta eleetrrcrty consumptron of 266 kWh in NWFP for 1998 is lower than
the nattonal average at 317 kWh, but per caplta consumption in FATA area is

" much hlgher than the natlonal average 567 kWh reﬂectrng the subs’Jized rate
_the region has enjoyed._ : In 1998, populatron pet telephone was 55 in Pakistan, .
95 m NWFP and 251 in I, ATA area.  Road network densrty and per eaprta gas n
o consumptron all reﬂect the lower development tevel i in NWFP R

In the CA all of the 70 V/Ss are electrrt" ed However the 1ssue of blllrng for i
" electrwtty consumptron is a difficult one in- tribal areas. Tradltlonally,. :
consumers would pay a ﬂat rate regardless of the actual consumptron This

"_seems to have resulted m qurte a lot of wasteful mrsuse And setting up (small) _'

: ',":mdustrles whlch are. energy rntensrve is ftnancrally beneftcral Recently the -~ |
L _.government has been attemptrng to ratronahze electrrcrty btllrng in tnbal areas -

' and the srtuatton is in ﬂux

: Most of the VlSs in the CA are accessrble by roads How'ever, less than 50%
(33 of 70) have metalled ( pucca’) roads, whtle just over 50% (36 of 70) have

Tl dirt (‘kulcha ). The pnmary means of transportatron of people and small goods

s the prck up, whreh is surtable for the rugged htlly and rough terram



There are only (wo post offices (POs) located in the CA: one each at ‘Kharki’,
Malakand Agency, and ‘Bahi Koroona’, Mohmand Agency. Because of the
scarcity of this service most people' have to travel to access a post office. And
the average distance of the nearest post office from the V/Ss is 4.5 km.

The CA has a total of twel2 Public Call Offices (PCOs), that are mainly located

in the larger V/Ss. Again there is a paucity of PCOs and the average distance of

the ncarest PCO from the V/Ss is 4.6 km.

- Forty-nine pcrcent of houscholds (9 844 out of 19 979) have television sets.
Given the backwardness of the area, this i is a high proportron and is indicative of
the inroads of modernization through the electronic mediun. The soetologrcal
' 'consequences of exposure to information through TV could be of interest but
require separate treatment. The mgmfrcance of thrs is tllustrated by the fact that
only 8 of the 70 V/Ss receive newspapers S

“The qualtty of drinking water provrded in  the CA is good However the water R

is mostly subterranean and has to be drawn.

3_ The main mode of obtammg potable water is through pubhc wells whrch -
number 3045 mcludmg 116 tubcwells 'Ihere are 4448 electric, and 747 diesel

'- pumps in operauon in the CA

'_'I\venty one of the V/Ss also have “natural sprmgs, whlch are used as

supplemental water sources. -

~ Bleven of the seventy VISs (15 7%) have water supply schemes But the number -

of houscholds havrng water supply scheme connectlons are 5, 945 (29 76%)

The dramage system in most of the V/Ss is pnmrtwe Thcre is on]y one town o

in the CA, Kharkr in Malakand Ageney, wrth a population of 11, 000 that has a
- cemented dramage systcm Fifty-nine V/Ss have mud drams whtle ten do not
have any dramage system at all. ' R

""As a fesult in the streets and a]leys of most V/Ss dramage and sewage water L

flows and accumulates freely. And these pools of stagnant water create

' po]lutton and are ds breedmg grounds for mosquttoes flies, ete. The hlgh s -
~ incidence of malana in the CA can probably be attributed to the fauity dramage y

systems
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Family Income

* Rural average houschold income grew slower than its urban counterpart between

s 1964 and 1994, and the income of the rural houschold in 1994 was 58% of its

2.9
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© | Domestic GDP|  yygee | goae | 13349 782% | . 6%
- | Deflator SRR : i o . :
Intemationat |~ 4., .| .. . E . : _
| GDP Deflator ' 22% ; 22% . L7% 1.6% . 1 14%

) .: 2.11 :.' :k

urban counterparl

In the Munda prolecl reglon accordmg to Environmental Survcy of Munda Dam

Mulllpurpose Project, during 1997-98, the income per sample houschold was Rs,

'84,652 and per capita Rs. 6,047. Among the total income, the average per farm

and per capita in crop production \yere Rs. 4{!,639 and Rs. 3,189, respectively.

. Crop pr‘oductioﬁ is the single largest source accounting for 52.7% of the total.

External 'Il‘ade Envrronment in Pakistan

External trade enwronment remained 1nhosplt'rble l.n July April 1998- 99
Paktstan exported Us$ 0, 307.5 I’llllllOﬂ of goods and services which were 11. 1%

_lower than last year ’s export of US$ 7 142 mitlion. Imports declined by 11.2%
- during the same period. . Trade deficit, however, improved by 8.6% and stood at -
$1,028 mrllron as agamst $1, 322 mlllron of the comparable penod of last year.

- Outstandmg extemal debt is close to $23 billion in 1998 99, and registered an
- - increase of only 1.6% over 1997-98. The debt semcmg llablhty mcreased by
) 5% over 1997-98 to $ 2,577 mllllon o

Consumer Prlce in Pakrstan 7

Inﬂanon conhnued to decelerated in 1998 99 perlod at 6. 1%, followmg the 8 2%

in the prevrous penod This development has reversed the trend durmg the last

: several years which w;tnessed doublc -digit mﬂatron rate as measured by the
: Consumer Price Index (CPI) ) ' '

N InﬂallonTable S N L
1994 1995 1996 1997 - 1998 -

o (Source anary Dala Collecled by the Sludy Team)

Pubhc Fmance for Development

3 The total budget for the Publlc Sector Development Program (PSDP) in 1999 .

. 2000 1s Rs. 1163 brllron an lncrease of 5.15% in nommal terms, and a decrease -
of 1 26% in real terms after eonsrdermg an mﬂatlon rate of 6.1% in fiscal year
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1998-99. The real amount for NWFP decreased from Rs. 5.4 billion to 4.6
bitlion in real terms during the same petriod, and the share of NWEP in the total
PSDP decreased from 4.9% in the previous year to 42% in 1999-2000.

- However even this reduced budget amount was not able to be fully provided.

Durmg the first eight months of 1998-99, the provmce has only been provrded
about 62. 7% of the budgeted 1mount

Lower provrsron of fmances to NWFP reﬂects the reduced size of the
dcveIOpment budget in real terms over the years. Thrs reduction in Annual -

- Development Plan (ADP) hurts NWFP disproportionately since prrvate sector

212
2.12.1

investnient is lmnted in the reglon _

_ hconomrc Development Phn

Natronal Development Plan .

- GOP has accepted the challenge on the development of the 2lst century and has

- launched a long term agenda for growth and stabrhzatron, the Pakrstan 2010

Program T he program calls for the real GDP to grow at an average rate of
7.4% per annum Populatton would grow at an average. of 2.1% lhereby
doub]mg the per caprta income from the current level of US$ 457 to around

US$1,000 by the year 2010. Savrng rate must average 23% of GDP mvestment ,

- must average 26% of GDP, with forergn 1nvestment and lendlng coverrng the

' drfference Export to-GDP ratio must increase from the current leVel of 17.5% '-

to abou i 25%, implying an annual growth rate of 9%

B ln the socral sector umversal prlmary educatron should be adopted by the year

7' ) 2010 wrth 50% secondary enrollment

Accordmg to the revrsed Nrnth Frve -Year Plan prepared in 1999 the dernand for |
' _energy consumptron (GWh) is pro_rected to grow at an average annual growth_

rate of 7. 4% during the 9th plan, 9.0% durrng the IOth to 12th plan based on the

normal economrc growth of 6% per annum However referrmg to the recent' o
' srtuatrorr of the econony a more realistic forecast was prepared based on the low L

economic growth of 5% per annum 5 74% durmg the 9th plan, 6.79% durmg the

10th plan, 7.75% during the 11th plan, and 7. 88% durrng the 12th plan. . The

~ low scenario forecast is very close to the World Bank forecast
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Reglonal Development Plan

'NWFP lags behrnd in the natronal development rndlcators




National Development Indicators

_ Pakistan NWEP FATA
Population - 130.580 17.55 3.138
Arca Sq. km 796095 74521 27220
Cultivated Area (000 ha) - 21550 1742 : 134.8
Trrigated Area (000ha) 17200 792 98.7
Total Litcracy 45 ' 373 -5
Per caplla.electncuy 317 _ 266 | 567
consumplion
Per capila gas consumption 82 17 ~ Nil
Road Network Density 0.27 0.13 0.15
Population per telephone 5 95 ' 251

(Sourcc Economlc Survcy 1999

- Accordmg to the NWFP Development Slrategles NWF P remains a food

deficient provmce Out of a total of 1,742,000 hectares of culuvaled land, only
792, 00(] hectares are irrigated. - The target is to add 433,468 heciares to the

exisling irrigated land, = On water resources development several dams

including the Munda Dam, have been proposcd In the mfraslruclure sector, |
major road projects are underway, such as Provmcml Highways prolect (Cost Rs.
393 million), Rural Access Road Project (Cost Rs 1146.89 mllhon) and 106
ongmng locally funded pro;ects : :

' _With 1bundance in hydro potentlal NWFP could bea natlonal hydro power base

16 pro_]CCtS with an esllmaled total capacuy of 1,204 MW arc under vanous ‘
stages of study for pnvatc mvestment and the total cost is estimated at $ 1,203

| . ‘mtlhon All the detalls are rcfcrred to Subsecuon 4.5, 4
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CHAPTER3 . SITE CONDITIONS

Location and Topography

' The Munda Dam Pro_]ect is proposed on the Swat River, which is a major

trlbutary of the Kabul River, about 5 km upstre'tm of the cxtstmg Munda
Headworks and about 37 km north from Peshawar. The dam sitc is located
approximately at coord_inates, 34°21° N and 71°32’ E.

- The tot'al. catchment areca of the Swat Rivcr_basin is 13,650 km’ at the proposed
“damsite. The basin lies between latitudes 34°20° N to 35°56” N and longitudes

71°20’ E to 72°50" E and is about 137 km long and 110 km wide. The Swal

~ River orrgmates frorn a confluence of Gabral and Ushu al Kalam in the Swat

Kohistan with an average elevatron of 4 S00 m.

| The proposed Munda reservotr is extendcd from south to north in a steep gorge

S of the Swat River, | ‘The Munda Dam site is situated at the downstream end of
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The mountainous area of the Swal basm from whtch the valley w1dens forming a

fan conﬁguratron

Geology

Reglonal Geology

" The contemplated Munda dam and reservmr on the Swat Rtver is srtuated ina
" teclonic zone developed in the southern foothills of the Htmalayan range where
. the Indian plale submcrgcs northward under the Eurasran plate. The Swat nver,

a trlbutary to the Kabul r1ver in the lndus basm rises north in Kohistan zonc of

| Hlmalaya and ﬂows southward through a wmdmg valley

Accordlng to the Tectomc Map of Pakrstan by Kazmi and Rana (1982) the
project arca is located in Hlmalayan Crystalline Schuppen Zone between a

' couple of cast-west trendmg ma;or thrust faulis, that is, Main Mantle Thrust

(MMT) on the north and Main Boundary Phrust (MBT) on the south. The
bedrock is largely composed of crystaltine schists and the terram is repcatcdly '

’ cut by north drppmg thrusts that form a shlngle block struclure

| 1 Bedrocks belwecn those two thrust faults are consrderably dlstorted and
: dlsturbed w1th beddmg planes generally strlkmg north to south but w1lh many

_and varred local deviatlons Foldmg and fracturmg of diverse sizes are

| ._ : '__common as 1nd1cated by the frequent and eregular changcs in strike and dip of
: - slrala, ranglng from N70°E180°SE at Malakand Pass to N60°W/40°NE at the

Munda Dam srte The tectomc movement is reﬂected also in development of -
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Mesozoic mclangc zones, a mixture of volcanic rocks ultrabasxc rocks, and
other oceanic sediments.

The prevailing rock type is cryslallmc schlst of Palacwmc 10 Mcsozom that
includes graphite schisl, chlorite schist, mica schist with garnel. Calcareous
schist and crysta]lme limestone arc also 1mp0r!anl local members. - The schisis
arc intruded at placcs by basic rocks and gramtlc rocks of whlch the latter is
mchmorphoscd to gnmss in margmal zones (scc followmg fi gurc)

.
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_ (1) Dam Sllc

‘ The Munda dam site is located approxnmately 5 km northwest of thc Munda -
- Headwork on the Swat tiver,: ‘where the river. ﬂows east- norlheasl for a sccllon of
' aboul 2km in length whlle 1ts general course is orlented southeast
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Under the prescnt' field investigation of this Study, the dam sile was ncwly

~ geologically mapped. Core drilling at twenty locations and for a total length of

1,300 m has been done at the dam — powerhouse site, including a 180 m deep
drilling and a drilling of the river bed from a raft on the water. Water pressure
tests were conducted at S m internals in the bore holes.  Details of the drilling
localrons arc shown in Frgurc 32 4 Exploratory adits were driven horizontally
at four locations -1round the dam : axis, that is, lower parts and higher parts of the

- dam 1butmcnts on both banks. A serics of scismic rcfractlon prospecting was

conducted by WAPDA on ‘cight lines with 6,000 m of total length for the dam
site. The rccords of the seismic refractron prospecling was mtcrprcted by -

.WAPDA followmg the Generalised Reciprocal Methed (GRM), and then

reviewed through the Hagrwara Method by the JICA Study Tcam takmg into
conslderatlon the outcomcs of thc core drilling. o

" The bedrock is composed of crystalhne schlsts of Permlan Duma Formatron that

strikes at N30° to 70°W across the river nearly at nght angle and drps more than

40 degrees norlheast or downslrcam as presented in Flgure 3.2, 3. Strong joints

of one group are nearly parallel with the schistocity or the beddmg plane, ‘and

| ;those of the other group strike at ENE WSW in the direction similar to the nver _

course drppmg either southeast or northwest Thc crysta]lme schlsls mclude

chlorite-mica schist, quarta-mlca schlst chlonte—mrca schist and carbonatious '
:graphrtlc schist with mtercalatron or mtrusron of talcosrc bands hmestone layers
~and dolerrlrc rock. o ' '

_ Consrdermg the complexny in mmeral composrtron of the SChlSl the fo]lowmg
' classrf’ catlon is used in this reporl '

i

" coarse pe]rtrc schlst or psammrllc schrst |
. fine pelitic schist, o
- : : _calcarcous pehtlc schist,
- green schrst (coarse and ﬁne),
© -7 siliceous schist,
o ~_' flkllrnestone or marblc

The classnﬁcatlon of pehtrc schlst is for the metamorphosed rock ongmatmg in
i muddy sedrmentary rock, whrch is correlated wrth a major part of the chlorite-
':."_mlca schrst m ‘the Pre-Feasrbrlrty Report The green schrst covers the dolcrmc .
rock that is more of less mctamorphosed ‘and schlslose, and SChlSlS that are :_
| formed by alteratlon of tutf or other rocks of volcamc origin. - 'Ihe siliceous - =
schlst oomposed largely of quarta rs nearly correlatwe with the quarta-mrca Co
schlst of the Pre Feasrbihly Report - '
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The dam will found mainly on the hard siliccous to psammitic schist on the left
bank and the green schist on the right' bank. ‘The spillway weir and chute will
be put on the siliceous schist and the green schist. - The plunge pool will be
situated in the calcarcous pelitic schist. The pelitic schist with limestonc band
will be foundation of the power house. ' '

- At any classification, the bedrock in fresh and intact condition is hard or
moderately hard.  While the rock appears weaker, weathered and slacked on the
surface, the weathering is not so deeply developed, sometlmes even to the deplh
of only 5 m from the ground surface, especra]ly near the valley floor. In the
adit No.1 on the left bank terrace, the rock was found slacked only in the
- supcrf' icial 2 m section and sulhcrently solid i in the olher part

In the lowcr parl of lhe rlght bank slope a series of waler pressure tesls in _'

'boreholes show low or moderale permeabrhty less than 10 Lugeon unll in the

zone deeper than 15 m. Inthe meanllme the hole M98-1 at El 603 m near the
conlemplalcd d'rm crest showed 128 10 42 Lugcon umt to the depth of 20 m and

" 10 to 20 Lugeon unit to the depthof 65m. T his reﬂects rclalwely intensive

_ slackmg of the rock in the parts of the slope hlgher lhan the level around El. -
560 m. ~Higher than this level, the bedrock is vrsrbly more slacked and unslable

' '_ . asis represcnled in thin and wrndmg rrdges

: On the le[t bank lhe borehole M98 14 on lhe terrace 20 m hrgher than lhe rlver |

is waterught for its 180 m length except for the top 5 m section. In the higher -

. part of the left abulmenl however, hrgh permeabrlrty of 20 to 30 Lugeon units is "
recorded within a a depth of 35m. o : :

It is the general condrlron of lhe foundalron rock in lhe clarn srte lhat very high |
Lugeon values over 25 are not observcd in the zone deeper lhan 15 m, and the

.~ bedrock deeper than 35 m shows ‘Lugeon values lower lhan 5. So the
- foundation rock deeper than 35 m is highly 1mpemous and wrll nerther take

cement groul nor requrrc groulrng (Ref Frgures 3 2. 5 and 3.2. 6)

In the scismic refraction prospecling, Ihe bedrock under lhe dam axis is _'
 classified into four velocrly hyers as shown below in descendmg order from lhe '
- ground surfaee | ' ' ' '

: l_aycrl .-lhe veloerly O 6 - 20 km/sce for surface sorl and zones of S

Lcompletely (o hrghly weathercd rock (Grade D and CL) or,_

A 'fslacked rock, : R RS
" _Layer 2 the velocrty 2. 1 2. 9 kmfsee for moderately weathered rock and
PR -moderately slacked eracky andlor hrghly pervrous rock zone -
(Grade CM) | S

i



Layer3 the ve!ocrly 3.0 - 3.9 km/sec for sllghl]y weathered with open

' cracks for noticeable pcrmeabrlrty (poorer part of Grade CH),

Layer 4  the velocity 4.0 - 5.4 km/sec for slightly weathered or fresh rock -
' - zone, practically watertight with closed cracks.

The surface zone of very 'high Lugeon value corresponds with the Layers 1 and 2
mentioned above, of which bottom reaches to depth of 15 m at places. The
Layer 3 represents the zone of 5 to 25 Lugcon unit and the Layer 4 meet the

- deep sound rock zone with Lugeon value less than 5. |

 River gravel deposu has thickness of approxrmalely 8 m, according to the
drilling M9_8-S at the middle parl of the river bed on the dam axis. It shows a 1.5
~ kmfsec wave velocily. in the seismic prospecting. Soft and closely foliated
- schist underlics the river deposit. ' Soun(l rock was reached at the depth of

13, 55 m from the bottom of the river. The inclined borehole M98 4 d1d not

- fi ncl any fraclured zone of subslanlral size under the river bed

' In the vicinily of the upslream edge oflhe dam or around the locatlon ofa plmth
in case of the concrete facing rockfill dam, the SOlId rock is reached at the dcpth'
of 15 m, though the rock condition changes lrregularly at less depths. In the
: hrgher part of the slope lhe solid rock is réached at the depth of 1.4 m in the
.' borehole M98-19 though a few scenons of hlgh permeabrllly are intercalated in
the deepcr 1one ‘ L :

-.All the drlll logs and sersmle prospectmo data are comprled in Volume IV Data '
Book ' : '

. (2) Powerhouse site |

o The powerhouse on lhe rrght bank witl be placed on the pelme schlst of which -
- _surface Zone 1s highly weathered into the roek class CL to the depth around 3 m.
: The wealhered rock, however, is slrong enough to suppon the powerhouse

o \Wthh has no severe foundatron engmeenng requrrement

-(3) Drversron/power (unne]

o A power lunnel is planned on lhe rlght bank and lwo dwersron tunncls are on

o - fthe leﬂ bank Mosl of the leng{hs of lurmel roules consrsl of mlacl rocks and |
- ho scrious problem lS envrsaged on slablllly of tunnel faces and spnng walter

L dunng the excavalron Ouilels of the three tunriels are located on a slable rock
" . bed with dlp slope T he exrslmg balance of stabrhly should not be dlsturbed by
S careless unconlro]led excavauon - : '



- For the outlet of the power tunnel on the right bank, the rock is solid below
EL 373 m, or the depth of 8 m from the bottom of the gully near the powerhouse

- site.

) (4) Splllway site

_..The spillway chute on the left bank is underlam by srhceous schlst green schist,

and pelltrc schist. - At the higher portion of the chute, the siliceous schist is
~ flaky and slrppery, contarnmg much mica. =~ Occurrences of many loca_l
: rockslrdes are secn on the cast- facmg dip- slopes o -

- For the plunge pool a substantral quantrty of excavation wrll be requrred at an

~ existing steep slope of the pehuc schist that will in turn create a new steep slope
on its left side. - The new slope wrll have joint planes dipping toward riverside

_ _among joints of other orrentatrons  Rock sliding may oceur along the joint

planes if the slope is high and steep. Therefore, layouts causing hlgh cut-

slopes should be avorded ngh and steep slopes should be mtmmrsed

: 'As revealed by the drrlhng at M98 17, the foundatlon of the sprllway weir wrll :

be on the siliceous schist, whlch shows high Lugeon values over 20 till the depth
of25m, or El 547 m, If the foundation of the sprllway weir is lower than this

~ clevation, it will be in sound rock that may take little grout At the lower end

L | of the sprllway chute, the moderately weathered pelitic schist lies under colluvral
' deposrt with thrckness of 2 m, and a good foundation of sound rock is reached at
the depth of S m, accordmg to the drrllrng M98 12 '

(5) Reservorr

g The reservoir wrll develop in the long narrow gorge of the Swat river, where the o
~ bedrock is wrdely eXposed and the overburden is limited and thin (see Figure L
3. 2. 2) Crystallme lrmestone beds ‘that may have questron of water leakage'
e through karst cavrtres occur in the calcareous ‘schist of the Lower Triassic -

Kashala Formatron and are also a member of the Permlan Duma Formatlon

~ The Kashala Fonnatlon is met by the reservmr a few krlorneters upstream of the s
o _dam srte and in two parts farther upstream Solutron cavrtres are seen on thej -
- ground surface in some area, e. g on the Ambahar nver a nght bank tributary. - -
These cavrtres however appear to develop only in the surface zone of the "
E bedrock wrthm an extent of rain water mﬁltratron and dramage Thlckness of L
: rrdges separahng the reservorr from adjacent basms is as thlck as seVeral_ :
' kllometers to 10 krlometers The Kashala Formatlon nearest to the dam srte is '
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- contained inside the barricr of other formations of Saidu and Dumna to stop direct

water leakage.

The dam 'sitc is on thc Duma Formation that is'composcd mainly of schists.
Limestone beds are intercalated at placcs as mentioned above but make minor

components in the formation. Srgns of limestone solution arc scen at places but
- seemingly within the surface zone where rain water circulates.

Bore hole water pressure test was performed in the limestone beds at Sapp'rre

E quarry site, 3 km east-northeast of the dam site, {0 cxamine scepage potcnlral of

lrmeslone In a 50 m deep borchole Qs-1, a 5m _seclion bclou_? the depth of

45 m indicated only 7.1 Lugeon. ' In the meantime, a 100 m deep hole Qs 2
- showed low Lugeon values less than Sin test sections deeper lhan 10m. All

these conditions indicate that developmenl of the limestone solution is limited

| wrlhm several tcns of m in dcplh where the infilirated surfacc water crrcul'ucs :

underground and drams agam to the ground sur[‘ace :

. The limit of tocalised water secpagc paths is also mdrcaled hy qurek

drsappearancc of waler springs al Sapp‘\re every dry season. Thc aerial

- pholograph also shows drscommmly of the limestone bed bclwccn thc rcscrvorr

area and Sapparc

 The lrmcstone beds therefore, is deemed to provrde no serious passagc for water o
: leakage irom the Teservoir. - The reservoir is deemed practically watertight. o

Construction Material | '

Construction malerral requrred for the Munda dam consists of (1) earlh rmlcrlal

for the i 1mpervrous core zone of thc rockﬁll dam, (2) pervrous materral for the
filter zone of the rockﬁll dam, (3) rock malerral for the rockfill dam, and (4)

" coarse and ﬁne conerele aggregales. A consrderable amount of mvcstlgatlon and _
. laboralory tcsts wcre donc in_the prc-feasrblhly sludy The pit logs and the _'

_laboratory lest dala are comprled in Volume IV Data Book The presem -

crrcumslanccs for prospecl of materlal sourccs are as follows L

°m &M&mMMm]

_:5' In the Pre—Feasrbrlrty sludy, c]ayey deposrts on both srdes of lhe Swal rrver

1lhm 6 km downslream of the cxrshng Munda headwork that is, “Abazai

.4 _f‘clayey silt source” on the left bank and “Sadar G'm sandy silt source on the

R i right bank were: cOntcmpIalcd as sourccs for the carth core matcrral Using

these borrow plts however, would mean sacnﬁcmg extcnsrvc and ferlrlc [‘arm
'lands e ' ' '



In this Feasibility Study, the investigation was extended to other potential
borrow areas, that is, the low hills of Kas Koruna and Tangi around the Lower .
- Swat Canal and the plain to the west of Sadar Garhi village, to be called West
 Sadar Garhi, on the right bank of the Munda IIeadwork The haul dlstance to
the dam snte ranges from 10 km to 13 km

Lrght test pits named P 8 through P-15 were dug to the depth of 5 m except one
P-14 that was 2. 5m decp. (hgure 3.2.8)

‘ F_iﬂcen samples were taken from these pits and tested on the charaeteristics of
 the carth material for impervlous core zone of the'rockﬁll dam. The test items
covered the gram size analysis, Atterberg limits, compacnon and then, triaxial
- compressive strength and permeablhty of the compacted material. The results
are summarised in Table 32.1. ' '

: Drspersron test was made for samples of P-lO at Kas Komna P-13 at Tangl and
P-15 at West Sadar Garhi, proving that the sorls are not dtspersrve '

. Earth matenal of the Kas Koruna borrow site is claSSIﬁed mto SM and CL of the
Unified Soil Classification by USBR and will be usable for the earth core zone -
' of rockfill dam, except for the coarse material in the northem part represented by
- ‘the pit P-8. ~The __dlversrty in its quality, as rep_resented by the varied grain size
| distribution, may' calse some difficulty in quality' control of the embankment
' The optimum moisture content varies between 10 and 20, that i is generally hlgher
' than natural moisture contents. ‘ ‘

As for Tangi borrow site, the matenal of the plt P 12 in the westem part is :

" classified to GW with gravel contents of 60 to 80%, and is not suntable for the -

earth core zone. The materlal of the pltS P-13 and P-14 falls under CL and can o
. be used for the earth core, except the upper layer of P- 13 that is too gravelly |
' Only in the matenal of P- 14, the opttmum morsture eontents are lower than the
. hatural moisture contents. © This borrow area has drawback in the longer haul
| drstance and the possrble mterf‘erence wrth cultlvated Iand and housmg areas. -

| West Sadar Garhl is topographlcally charaetensed by an extensrve plam ora .
: smgle sedlmentary envnronment between the S\th river and the hills to the west, -
- | not divided by low hills as other borrow areas.  The sample from the pit P 15 '
falls under. the category of SM in the Uniﬂed Sorl Classrﬁcatron surtable for '

embankment matenal and easy to compact The haullng distance i is the shortest .

of all the. borrow areas. ' As this borrow site is in deserted land it appears to '
have a ment of less lnterference 1o lands cultrvated or 1nhab1ted
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| 2 Concrete Aggregates and Filter Matcrial

" For concrctc aggregates and filler material, five test p1ts P-1 to P-5, were dug in

o the sand- -gravel bar on the Swalt river bed downstream of the Munda Headwork.

Other two pits, P-6 and P-7, were also dug in the terrace gravel beds on the_ hills
on the lelt bank of the Munda Headwork (scc Figure 3.2.8). ‘The samples taken
- in those pits were tested in the labomtory The results are presented in Table
322

The sand contents in those deposits are rather low, 15-27.4%. Gradation
-~ curve shows especially low percentages for the medium and coarse sand. ~ Sand
for fine concrclc aggregatc w;ll havc to be artificially produced by crushing the

gravel.

- Grav’e] of the Swat river bed can be cornpelent forcoarse aggrcgatc' of concrete,
" as judged from the test results. ~ All the samples fell under the arca of innocuous
' aggregate in the chemlea] alkail reactrvrly test.

i Gravel deposrt on lhe left bank hill is inferior for concrete aggregates to the Swat
- river gravel, in its high water absorptlon and contamination wrth ﬁne material.
o (R however, could be used as ﬁlter mfrtertal 1f boulders ovcr 200 mm are

' removed

: '(3) Rock Materlal

' As the result of frcld reconnalssance and sludy of prevrous mvestlgatlon two
© quarry sites were selected " One is a Sappare quarry site with 6 mrlllon m* of .
: llmestone reserve estlmated and the other is a Todobo Banda quarry with |
suHicrent quanllty of quarlzuc and siliccous schlst The former is located
around an old and deserted village of Sapparc on a200m high hilt on the left
'bank of the Swat river and approxrmately 3 km northeast of the dam site. The. '
latter is located on the right bank of the Swal rnver approximately one krlomctcr

- upstream ot the dam site.

T The core drllltng for lhe total length of 450m and the setsmtc rcfractton

'prospectmg for 2,45 km' were conducted for thesc quarry sites (sec Figure 3.2.9
) and 3 2 1{)) Results of the Iaboratory rock tesls are shown in Table 3.2, 3

o ln the Sappare quarry srte the wne wnh sersmrc wave vclocrty of 3 5 to 4. 0 .
'_km/sec under a few m thlck overburden, “will producc su[ﬁcrcntly solrd_
: 'llmestone matenal as lndtcated by the core drrllmg The outslandlng meril of
' '_-the Sappare quarry is the avarlabrllty of bouldcrs or brg rock blocks wlnle
" ',_ quanmy of the hard ltmestonc is hmrted ' L '
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" of:

In the Todobo Banda quarry with quartzite and quartz mica schist, the rock is
characteriscd by diversity in quallty and a tendcncy to break into small

_fragmems of 5 to 15 cm of diameter by schlstose foliations.  Quantity is

suﬂlcrcnt

- The rock at Sapparc is superior in quallty but llmrted in quanmy, while the

Todobo Banda rock is in the reverse condition. ~ Both quatries are to be utilised.
These two sites are not altcrnatives. ' '

Seismicity

- The prolcct area is localed ina hrgh]y acuve tectonic zone wrlh thrusl faults in
.lhe Hlmahyan foot hills, “and in a regron of high seismicity. Records of

massive and various carlhquakcs lhat had been collected for other pmJecls by

_ .WAPDA drd not always cover the area exactly relevant for the Munda Dam
' Prolect Earthquake risk of the dam was evalualed based on earlhquake records _

obtamed lhrough the 1nternel from lhc US Geologlcal Survey Those are data_

R 1) 26 srgmﬁcant earlhquakes wnh eprcenlcrs wnhm 300 km from the Munda .

* dam site (34.35°N/71. 33°E), recorded from 1896 to 1992, and

i i) 2 259 earlhquakes over Magmiude 1.0 on the Richter seale w1lh eplcenlers

- within lhe same area as above, recorded in 25. 5 years from 1973 to 1998
(Ref Data Book) :

" : Thc ]attcr dala of 2259 caﬁhquakes werc malnly uscd for cvaluatlon of
seismicily. = For cach earlhquakc the mlcnsﬂy that could have been felt at the
o _Munda dam sile was estimated by use of formulae of atlenuatlon relallonshlp,
one from Cornell (Cornell CA, 1968 Engmcermg scrsmlc analysrs Bull. .
_Selsm Soc Am Yol.58, pp. 1583 1606) and the other by Kawasuml (Kawasuml,
-H., 1951, Measures of earlhquake danger and expeclancy of maxrmum intensity
' lhroughoul Japan as inferred from the seismic acuvrly in hrsloncal llmes Bull
- Earthq Res. Insl 21, pp- 469 482) '

-Number of earlhquakes was counted for each lntensrty (l) whlch ‘was lhen __

converled into thc accumulatcd number of carlhquake for eaeh miensny step,

s then to !he annual number of earthquakc (Nc) as shOWn in Frgure 3. 2 11

”Wrth Gutenberg 5 relalronshlp belween Nc and I lhat is:

loch p+ql




~‘The constants p and q were determined for the recorded earthquakes, and then
the probable maximum carthquake intensity for the return period of 100 years
was estimated by applying 1/100 for Ne.

The result is as follows;

- Maximaum Inténsity and Peak Acceleration

Maximum Maxinum Maxi Peak
Intensity in MM | Intensity in JMA xjmuim tea
: Accelﬂ'allon
o Scale Scale
According to Coruell 73 - 154 gal
According to Kawasumi ' - ' 4.5 : . 80 gal

On the other hand it is assumcd lhal Mammum Credible Earlhquakc is

‘ generatcd al the distance of 10 km on the Main Mantle Thrust “and has

. Magnitude of 7.0 and focal depth of 40 km. Imensuy and peak acceleratlon qre'_ _
_csum'ltcd at 9 and 500 gal respectively. :

The peak acceleration only lasts for a fracuon of a second and is wrlually unablc '
“to effect any damage upon dam sfructures. Substant;al]y durab]c acceleration is
far lower than the peak value, for examplo a third the peak acceleration.
" Meanwhile the maxlmum cred1ble catthquake is the conceivable strongest
'earthquakc of whtch probablhty of occurrencc is vcry low. It is dcﬁncd that

. 'some damages upon structures by Maximum Credible Earlhquakc should be N

o acceptcd if those damages do not lead to senous hmdrance of their function.

' Wlth all thesc resu]ts of evaluahon in mmd and a]so consldcrmg examplcs in
hlghiy tectonic zones including some damsin Paklstan and dams in Japancse_
archipelago, the appropnate dcmgn earthquake accc]cratlon in the pseudo -static
approach is proposed at 0, 15g '

- Sllualcd in the teclomc zone, the pOSSlbll]{y of reservonr-mduced carlhque
cannot be climinated. However there is no major fault in the reservmr area that
: might gcnera{e earlhquakes of hlgh magmludc ‘The assumptlon for ‘the
_ cshmate of the Maximum Credible Earlhquakc mentioned above, ic., an
: earlhquakc ot Magmludc 7 at the distance of 10 km and the depth of 40 km will -
' wcll cover a pos51ble carlhquake that may occur in the reservoir, Thc‘
maxlmum peak accelerahon less lhan 500 gal or 0. Sg that lasts on]y a fraction of
_second w1|l bc copccl w:th by Ihe proposed deSJgn accelemuon of 0. 15g

3
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 Hydrology

Basin Description

(1_) Physical Features

The proposcd Munda Dam site is located on the Swdt River. - Up to the Munda
Dam site, the total catchment arca of the Swat River basin is 13,650 km? as
shown in Figure 3.3.1 and can be divided among three major subbasins of upper

~ and lower Swat (6,579 km?), Panjkora (5,724 km?) and Ambahar (1,347 k_mz)

river subbasins. * Elevation of the river bed at the proposed Munda Dam site is

~aboul 360_ m.

(2) C]lmalrc Fcalurcs s

' The climate varies consrdcrably over the calchmcnt In the upper basm the
' wmtcr is very cold and freezing weather prcvarls from November to March with

“snowmelt lcmperaiurcs occurring between April and Scptembcr The Snow hnc
dcsccnds to 2,500 m during winter and recedes to aboul 4,000 m during summer.

The Swat River conscqucntly carrics percnmal ﬂow whlch is gcucrated from

snowmcll and rainfall.

) On average, lhc ramfall over the catchmcni varies from 500 mm o1, 500 mm as

" shown in Frgure 3.3.1. Rain occurs over the basin in both’ summer and Wlntcr :

with two maxrmums occurrmg in March and August In summer, ramfall is

B largely due to monsoon mﬂucnccs and storms, which produce srgmflcanl runoff, -

and occur malnly at the ccnlra] and lower basm

g (3) Prcscnt dcvclopmenl

j "Thc first srgmﬁcam waler resourccs dcvc!opmcnt on lhc Swat RlVCl’ took placo_ '

- in1885 whcn the Lo“cr Swat Canal (LSC) was opencd to 1mgatc 510 km? wrlh_:
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a designed capacrly of 29.9 m’/scc as seen in Figures 3, 3.1 and 3.3.8. Durmg ..
' _1915 -19 the canal was renovated by additional barragc to. provrde cxlra 235

m’/scc drschargc from lhc left bank Srmultaneously, Doaba Canal wrlh a

'_chIgned capwcuy of 10 m:’lsec was construclcd to be fed from the ngh{ -bank of .
- the barrage and hence 1ncreascd 1he total command area lo about 650 km

Hydro mctcorologlcal Dala

(1) Ramfa]l Data and Othcr Mclcorologrcai Paramctcrs

lnvcnlory on the mctcorologlcal data conductcd durmg lhe fi cld mvcslrgauon of E -
this Fcasrblhty Study showed thal scveral agencies arc rcsponsnblc for FAR
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maintaining mctcorologrcal data wrlhm and around the Munda catchment area,

Prmcrpal sources are listed as follows

- P’rkishn Mcteorological Service (PMS)

- Irrigation Department at NWEP (D)

- Provincial Authorities at NWEP (PRO)

-~ Surface Water Hydrology Pl‘O_]CCl at WAPDA (SWHP)
- Pakrstan l'orcst lnslﬂule at Peshawar (FOR)

_ Slatrons malntarned wrlhm and around the Munda catchment arca by PMS and
othet provmcra] dcp'lrtments are llstcd in Table 3. 3.1. The loca(rons of these
'statlons are shown in Frgurc 3.3.1. Ramfa]l records arc available from all the

_ meteorologlcal stahons Pe'shawar station has records for 7-climatic parametcrs

and is consrdered a synoptrc station. * For the purpose of this Feasibility Study,

o rccords of darly/hourly ramfall and daily/monthly meleorologrcal data werc

' collected and encoded durmg the srte investigations. Inventory of the collected
metcorologrcal data is shown in Frgure 3.3.2 and the data arc comprlcd in
Volume IV Data Book ' '

(2) Flow Dala .- _
B Inventory of the water leve] stalrons mamtamed wrthm and '1round the Munda_ :

_ _' _catchment area by SWHP and ID is listed in Table 3.3.2. ‘The locatrons of these
statrons are shown in Frgure 3 3 1 along wllh lhe meleorologrcal slatrons ' '

Durmg thc i" eld mvestrgalrons hydrologrcal data were colleeted and encoded for
~ five stations and two drversron canals lnvcntory of the collected hydrological
- lnformatlon is shown in F]gure 3 3. 3 and the dala are comprled in Volume IV

" Data Book

~ In summary, wrthm lhc catchment of Swat R;vcr basm up o the proposed dam_ '
. site, the hydro- meteorologrcal data arc available from crght rain gauging slations

o _-: and three watcr lcve] gauging statrons as shown in F}gure 3.3.1. Asshown in -

_: the figure, the exrstmg rain and water level gaugmg stations are mconsrslently
.located along the main stem of the Swat River with no srngle station avallable in

‘-._the Panjkora Rrver basm wh1ch represents appr0x1matc]y 40% of lhc total

: 'catchment area of the proposed Munda Dam. To supplement the hydrologrcal

‘ 1nformatron for the Prolecl it was recommended that ncw ralnfall and water
level gaugmg statrons be establlshed and those are currently under conslructron -

WA 'by WAPDAat
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1) Approximately 2 km downstream of the proposcd dam site where the
river channet is relatively straight and narrow, and
2) Near existing Zutam Bridge in the Panjkora River basin.

3) . I‘low Records at Upslrcarn of Exrslmg Munda Headworks |

There are dally llow records for the upsircam srte of the exrstmg Munda
Headworks, which are annually compiled as an annual data book, “Stream Flow
and Rainfail Data, Pcshawar Zone” pub]rshcd by Hydrology Division, Irrigation

Dcpartment, NWEP. - Howcver, there - are somc drsputablc records and

amblguuy involved reg'lrdmg appheauon of rating curve, frequency of dlschargc
~ measurement, backwaler cﬂccts from lhe Headworks etc

o Based on the site observatrons the resulls of mlervrews carrred out durmg the

ficld 1nvesllgalrons and lhe abovc perceptrons it was concluded lh‘ll the flow

" records at the cxrslrn;, Munda l{eadworks arc not reliable and cannot be adoplcd :

:' K for the hydrologrcal study for the Pro_]ect as they are.

| 5 (4) Flow Records at Olhcr Stahons

-’Thcre are four olher ﬂow gaugmg slalrons m and near the Swat Rrver basrn

Thesc slatrons arc Kalam (Swal River), Chakdara (Swat Rrver) Warsak (Kabul -

Rwer) and Nowshera (Kabu] chr) The four slalrons have been i in ‘operation by

- the Surface Water Hydrology Project (SWHP) of WAPDA since 1960 up till now, -
'cxccpt Warsak whrch was abandoned after the conslruchon of Warsak Dam in - |
1970 Accordmg to SWHP, they follows the procedures used by us Geologrcal s
' Survey, and standard SWHP practrce at gauging stanons is 1o mcasurc river level '

o several llmes a day durmg low flow pcrlods and more frequenlly durrng lhose of
high flow perrods ' : : . .

In order to compare the darly flow trends among lhe drﬂerent slallons darly | o
" records from 1990 and 1991 at Kalam, Chakdara and Nowshera were examrncd o
- _'The maximum daily ﬂow occurred within the summer season for lhe three -
stations in bolh 1990 and 1991, Mean momhly drscharges for the perrod 1964

& to 1995 at Kalam, Chakdara Nowshera and Warsak are shown m Frgure 3.3. 4

Al these stahons drscharge measurements are generally made iwrce a monlh e

| dunng low ﬂows and more frequently durrng hrgh flows Thc average numbers

- of drschargc observatrons durrng thc perrod from 1961 lo 1981 (for Warsak o
" 1961 o 1971) are 26 for Kalam, 42 for Chakdara 21 for Warsak and 28 for v

Nowshera )

U
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Rating curves for Kalam (1965-1988), Chakdara (1964-198.8) and Nowshera
(1964 — 1987) stations collected during the ficld investigation indicated that the
respective raling curves were updated every year.

" Further, to investigate and find the relationship between these flow patterns

within the Swat and Kabut basins, correlation analysis was carricd out on the
basis of the monthly flow data. Cross correlation among cach pair of stations
was calculated and results arc tabulated below.

Corrclalion Cocflicient for Menthl}‘ Discharge
Among Water Level Gauging Stations

. Nowshera

Name of Statron Kalam Chakdara Warsak .
~ (Catchment Area) (1961-1995) {1961-1995) (1961-1971) {1961-1995)
Kalam (2,020 km?) B © 0.9445 0.9165 0.9086
Chakdara (5,766 km?) - | - 0.9743 0.9716
| Warsak (67,340 km?) - - e 0.9914
Nowshera (88 578 km’) - - - -

The corrc!atron is qurtc high among rnonthly ﬂow data at the four slations,

_especra]ly between Chakdara, Warsak and Nowsher't for whrch the correhtron

coeﬂrcrents are more than 0.97.
stations mamtamed by SWHP WAPDA are re]rable and acccptable

In summary, the ﬂow rccords of the four '

2 On the othcr hand, the correlatron coefTicients of data at Munda Headworks wrth

the above statrons are rather Iow from 0 68 to 0 83

In order to obtain long-term monthly flow data at the Munda Dam srte avarlable |

' ‘records at Kaiam, Chakdara Nowshera and Warsak were utthzcd The long-'
- term flow rccords (avat!able and supplcmented) at Kalam, Chakdara and__ :
= \Iowshera are listed i in Tables 3.3.3, 3.3.4, and 3 3.5, respecttve]y ' '

- _Metcorology

(1) General Cltmato]ogrca] Characterrsttcs '

' Thc clrmate of the Swat Rrver basm is cIassrfrcd as sub humrd troplcal

EaN contrnenta] hrgh lands Prccrprtatron ovcr the catchment area is received in the

' form of both ram and snow

Rainfalls occur wrthm two seasons monsoon’ (July
to September) and sprmg (February to May). The MONSsooN rains brmgs 30% '

" of annual ramfall in the basin and prcvarl wrth moisture brought by wrnds from ..i

- Arabjan Sea and the Bay of Benga]

| ‘_:,""Accordmg to the normal rsohyetal map prepared by PMS, the annual ramtall

I_ ) wrthm the catchment arca varies Ioca]ly from 380 mm to’ 1270 mm with 810
) _mm averagc annual ramfa]] (ref 3) : S _
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~ ‘Temperature varies within the region exlensively. The maximum temperature

usually occurs in July and minimum in January. = The long-term average annual

~temperature values at the four metcorological stations are listed below:

" Long-term Mcan Monthly Maximum and Minimum Temperatures

: : : Units: °C
Station - Maximum ' Minimum Average Period
‘Kalam = - - 19.2 -1 - 106 - 1936 - 1996
Saidu Sharif 28.7 . 82 : - 181 1974 - 1991
Mardan 319 92 211 1985 - 1956
Peshawar - 33.1 11.2 227 1961 - 1991

(2) R‘nnfall Amlysm

“In Swat chr basm gcneraliy lhc monihs of July and August have the highest
magnitude of raln_falls, while November has the lowest rainfall _t_hroughout the
ycar . | : .. . . ' .

The long lcrm mcan monlhly and annual ralnfalls at cach respecuvc station are
summmzcd in 'lablc 3.3.6 and Flgurc 3.3.5. Doublc mass curves among some

selccled slauons 'n'c shown in Flgurcs 3.3.6 (a) o 3.3.6 (d) Thcy show
mtcnswe ralnf'l]l in lhc years 1987 and 1988 were encountcred at Charbflgh

stallon

(3) Evaporahon

- Evaporat:on records are avallablc al Peshawar mctcorologlcal slanon ‘which is
~the closest stalion to the Pro_]ccl site.  The annual/momhly pan cvaporallon
o records have bccn observed by Paklsl'm Forest Institute, Peshawar, and available
~ for the periods’ from 1967 to 1985 and from 1986 to 1997. Long -term
:cvaporatlon lime serics for the penod 1967 - 1997 are shown in Table 3.3. 7 |

o csumalc the cvaporallon loss from the rcscrvou lhc va!ucs of monthly pan
. evaporahon rccords were mulllplled by the convcrsmn factor of 0 7 to convert _ N
the pan evaporallon lo the reservoir cvaporauon The converled data is used to
Ry eslimate the evaporallon loss from the Munda Dam rcscrvolr for thc dlﬁcrcnt'
) proposed water lcveIs dunng the rcscrvou operauon s{udy ‘

Slream How

(1) AnalySIs of AVallablc Dala

The Munda Dam Prolccl is proposed on (hc Swat Rlver basm with a calchmcntz
" area of 13,650 km and lraverses a fiver length of about 250 km Thc
' cat_chm‘enrt area was calculated and exammcd by dividing the total _basm _mto four

.'3‘_15'
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regions as illustrated in Figure 3.3.7. Based on the calculated catchment arcas for
cach rcgion, the upper Swat catchment arca up to Chakdara watcer level station
(region B1, 5,776 km®) together with the Panjkora River basin (region B2, 5,724

. km®) form about 85% of the total catchment area.  Flow from Panjkora River

basin, which alone forms about 40% of the total catchment area and contributes
an average of 50% runofl to the Swat River, is not being momtored Because
of low degrec of reliability of flow records at the Munda Headworks, alternative
methodologies that  included rqi'n.fall runoft and regional analysis were
investigated in order to cstimate the long-term flow values passing the Munda

. Dam site.

' Am]ysrs of flow records mdrcates no direct relalronshrp bclween rarnf'ﬂl and lhe
B correspondmg runoﬁ on bolh a momhly and annual basm '

7W1th the limited ramfa]l and snow 1nformatlon, lhe regronal analy51s was
_ destmed to be the most suitable procedure to be apphed for water avallabrhly '

estimates at the dam srte In order to carry out regronal analysrs the flow
records of Kalam and Chakdara al the Swat River basin, and Nowshera and
Warsak al the Kabul RlVCl’ basm were ulrllzed Procedures of the regrona]

. ‘_ana]ysrs are descrlbed in detalls in Appendlx C wrlh a flow charl

: (2) Flow Esumalron at Munda Dam Slte

_ Ho\v eslrmatlon was carrrcd out based on ﬂow catchmenl area reialronshrps _

using flow records al the four sianons of Kalam, Chakdara ’\Iowshera and

-Warsak The relationships have been developed for each month based on
. average monthly records in each stalron details bemg descrlbed in Supporting

Reporl Volume 11, AppendGC

E To esumate the ﬂow at the Munda Dam srte prcsent and fulure water dlversrons
in the basm for 1rr1gat10n schemes shouId be taken mto consrderatlon The

eslrrnate was conducled based on lhe schematrc dragram of 1rr1gatron schemes

_ _' shown in Flgure 33.8 and the waler usc of each n’rlgalron scheme prepared by
o __Swabl SCARP hsled m Table 3 3 8 in the followmg sleps -

1) The Chakdara hrstorrcal ﬂow records are adjusted by addmg the drverled _

water to lhe exrstmg 1rr1galron schemes such as Nrpl-ukhel and Falchpur
whrch are Iocated in the Chakdara basin, ' ' ' .

2) FolIowmg thcsc adjuslments, the monlhly synlhesrzed ﬂow al lhe Munda

© Dam sue is esllmaled utm?mg the relauonshlp estab]rshed above. This

L ; eslrmated ﬂow represenls the nalural flow at the Munda Dam site.
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3) The present (historical) flow at the Munda Dam sitc is caleulated by
subtracting the diverted water to USC and various existing irrigation
* schemes are from the above synthesized flow (natural flow). | Wherc
“diversion records to USC are 'missing, those were supplemented by the
average of the records during the period 1956 ~ 1964 (ref. 2) so that
continuous diversion records were avatlable The results are shown in T'tb]e
339, _ : S ‘
4) In order to reflect future dwersrons of water for USC and other water uses,

the future monthly mflows at the Munda Dam site afler the extensmn of .

these schemcs are calculated by subtractmg the monthly expecled diversion
- flow rates to USC in the future and the water use by locals which was
assumed to be 5.66 m /sec The expccted diversion flow. rates wcre based on

the assumptton that the maximum watcr use for USC durmg the dry season is -

limited to the dlt‘fercnce of the inflow at the Chakdara station and the water
use by locals downstream of the Amandara Headwork Thc rCSu]ts arc shown
' mTable3310 ' ‘ LT '

Smce the extensron of USC is expected to be tmplcmented soon, the estlmated _
flow at the Munda Dam srte afler the cxtcnsron of these schemes was app]ted for
- opttmlmtlon study ofthe Munda Dam e ' o -

F]ood Studtcs L

K The pnme objeetlvc of lhe ﬂood studtcs isto estlmate a series of f!ood values for :

: _ the design of the various structures of the Pl‘OjCCl. ‘There ‘are 1wo principal '
- rcqunremcnts for flood calculatlon one is the destgn of the dam and sptllway, -
and the other the dcstgn of the other relevant structures incliding rlver dtvcrsron .

arrangemcnt In view of the large seale of - the Pro_lcct (both financial and

o phys;ca]), constderable c*tre is requlred in the study of flood hydrology and the _
' seleclton of the approprtate demgn ﬂoods as the nsk of overloppmg the dam |
: cmbankments is of 51gn1ficant 1mportance Because of these two prmcnp]es it
. was decrded to estlm'tte prob'tble maxtmum ﬂood (PMF’) based on. probable
* maximum prec1p1tation (PMP) for the dam “and splllway destgn On the other .
" hand, probable flood calcu]attons based on ramfall frequency analysts for .
- _dtftcrent return pcrtods were’ constdcred for - the de51gn of powerhouse
" downstream structures of sptllway and the dwers1on facrhtles Detalls_ of the
" flood studles are descnbed in Appendlx C w;th a ﬂow chart R
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Probable Maximum Flood (PMF)

The proposed Munda Dam is a major structure that requires estimation of flood
values for dam and spillway design based on PMF that may be expected from
the most possible severe combination of critical mctcorological and hydrological
conditions in the region. PMF can be cslimated using the following physical-

based procedurcs:

1) Catchment arca division fo subbasins

~ 2) Estimation of PMP

3) Storm drstrlbulron among the subbasms
4 Esumatlon of storm losses '
- 5) Eslimation of maximum snowmelt rates -

. 6) Construction of unit hydrograph N
~ 7) Flood routing and composite PMF calculations

@

Compa_!a!ion of Con.l.posile PMF .

1) Catchmenl arca division to Subbasins .

-~ In the prcscnt fcasrblllty sludy, the lolal catchment area of the Swal River

up to Munda Dam site can be divided inio four subbasms The boundary of

. each subbasin is shown in F]gurc 3 3. 7

2) Eshmauon of Probable Max;mum Precrprlatmn (PMP)

_ PMP can be defi ned as "lhcoretlca]ly, the greatcsl deplh of prCCIpltallon for
a given duration that is physically possrb]e over a given storm arca al a

" parlrcular geographlcal location at a cerlam time of lhc year” (rcf 5) “The

- ‘more common methodologles to estimate PMP are the meteorological and

slalrslrca] approaches. The alauslrcal approach may bc uscd wherever

* suffi crcnt historical rainfall data are available or where * other
meteorologlcal data such as dew pomt and wmd spced are lackmg. The
: stahstlcal approach is of particular 1mportancc for makmg qurck cstimates -

- for P‘V!P and provrdes a check guide for the estimated valucs by the
. _meteorologrcal approach In this Study, both approaches were apphed o
. predlct lhc most relevanl PMP value for PMF csllmate at Munda Dam srte

o 'a) Slatrsllcal Eshmalesof PMP

| " Thc stairslrcal mcthodology for eshmalmg PMP is S based on slalrsucal
' analysrs of maxrmum ramfall rccords wrthm gauging slation. ,Thc
' rmclhodology is to ylcld only pomt PMP csumales and ihus reqmrcs arca- . -

rcduclron faclor for convcrlmg to basm PMP. The mclhodology is



documented in the rcporl of World Mcteorologlcal Organwatlon (WMO)
(rcf. 6).

- According to the cstimated PMP for each station, the calculated value for
' Charbagh station was the highest valuc among other stations, therefore, the
PMP for calculation will be considered as 544 mm.

b) Mcicorologlcal Approach

The meteoro]oglc'il approach relies on the Ihcoreilcal mlcrrclatton of
convergcncc vertical motlon and condensalmn of the air mass in the
atmosphere. Briefly summarized, the assumpuon is that PMP can ‘be
compulcd from optimum storm m'1x1mlzat10n by mmslurc maximization
factor and storm lranspo_rlauon of wind coverage. For estimation of PMP,
the most severe mechanism by which moisture is converled (rom water
vapor into rain or snow is considered with the maximum moisture content

_in the air. As the precipitation efficichcy of storms cannot be estimated

. directly, a series of major hlstonc slorms should be cxammed to indicate
the exlremc lnstoncal storm event. '

: Rcvnew of lnsloncal slorm in ihe basm , . _

'_ The rainfall and storm records werc rcvncwcd frorn the avallablc
: prcwous studies to 1nd1calc the largest storm over the Swal River basin.
 The pr1nc1pal slorms ldcntlf' ed in lhe rewew process are as llsled 7

beIow B

) o Principal Ilislorical Slorms : :

2729 July 1852 8-10 Augusl 1940 15-17 July 1958

2527 August 1910~ [ 9-1i July 1942 - . - [3-5July1959
23-28July1924 - . 11923 Aligust 1948 | 31 July — 3 August 1976
26-29 August 1929 - | 1-3 Augusl 1950 -~ | 2-7 August 1987

Source Referencc 4) Appcndlx E.?,

Inspecllon of Ihese storms from the availablc reporls rcvca]cd lhal the
" storms of Augusl 26 - 29, 1929 and July 31 - August 3, 1976 were '

oulshndmg extremc storms compared [0 thc olher recorded storm - '
~events. - - S R R '

: Based on lhc abovc reviews, lhe slorm of Augusl 26 — 29 1929 is
clcarly a candldalc for the asscssmem of the PMP valuc in lhe Swat
Rlver basin. ' ' - R

320




Isohyetal of August 26-129, 1929

The isohyctal map for the storm of 1929 was available from both of the

~ studies mentioned above of the Pakistan Metcorological Depariment

~ (PMD) in connection with the proposed Munda Dam project (ref. 1)
. and the Kalabagh Consultant Study (KCS) in connection with Katabagh
Dam PIOJCCI {rcl. 4). : _

-After cxamination of all the delalls it was dccuied to adopt the

_ isohyetal map provided by PMD sludy for the 1929 storm shown in

Figure 3.3.9 for the PMF estimates.

'Storm Mmsturc Maximization Factor

Moisture maximization of storms in place, ie., wuhoul change in

' locallon c011513ts snmply of multiplymg the observed storm rainfall
" amounts (slorm of 1929) by the ratio of the maximum precnpltable

) water indicated {rom the storm Iocallon to the prcc1p1t‘1ble water
- estimated for the storm (ref.6). '

. In wew of stauon location and approxlmatc elevatlon of the Swat River

' basm @, 000 m) _dew . points data from G!]gll and Pcshawar

meteorologxcal stations were considered. - . o
"‘_Wlth c]cvahon adjuslmem the moisture maxtmlzallon factor of 1.38
was obtained. It should be noled that the csumaled moisturc
) "mammlmtlon l‘aclor is Idcnncal to the value esumalcd by lhe PMD
: " study. So the csllmated PMP valucs by PMD wcrc considcred.

Deplh Arca-Duratlon for PMP o -

- In the PMD study, spatial and tempora] slorm analys;s was carried out -
“in order to estimate the Depth-Area-Durallon (DAD) curves for |
probahle maximum precipitation. The methodology was oblamcd by
| applying the standard proccdurcs of US Weather Burcati Manual for

"Dcplh Area Duration Analysis of Slorm Prccrpliatlon - :
From the DAD tablc in the proccdure the 24 hour PMP at Munda Dam -
'snc catchment of 13 650 ka is csumaled at 173 08 mm and 174 mm
. is used for the PMFcaIculatlon R S :
. In order o compare ihls valuc wnth lhc slausucally csumated poml

o PMP valuc of 544 mm, an arca rcductnon factor should be csllmated 1o

~converl pomt PMP o its equwalenl basm PMP. The area reduction

) _facior can be esumated as 0 326 from the PMD study Wlth lhlS valuc,_ '
B :.:'thc basin PMP Can be calculated as 544 x 0. 326 = 177. 34 mm which

| 4:_;-shows that thc csllmaled PMP valuc of 174 mm for the PIOJCCI is |

' "relevanl and acceplable T



3) Estimation of shori-duration storm rainfall

In order to cstimate flood hydrograph, a short-duration of 6-hour rainfall or
less should be estimated. ~Different acrial rainfall pal_icrns and slorm
pro'ﬁlcsl could produce the avoragc 72 hour dc_sign storm rainfalls, but for a
- short-duration, paltorn information and teview of storm characteristics
should be investigated. Information on 6-hour storm incrciﬁénls were
availablc mostly for the recent storms but with less reliability lh'm those for
- older ones, After detailed review of the available materials, the values from
DAD fable dcvelopcd by PMD sludy were found more reliable and

apphcablc

4) Storm dlstrlbuuon among thc subbasms

The caloulation of the composuc flood hydrograph 1s ‘more dcpendent on -
~ how the basin fotal storm can be distributed among the dlﬂerent subbasins.
. Usmg the 1sohyclal map of 72-hour 1929 storm (Flgurc 33, 9), the basin as
~well as subbasins rainfalls were estimated by calculatmg the arca bctwccn
' _cach pair of 1sohycts w1thm the basin (or subbasms) boundary and
- multiplying by the’ averagc rainfall dcplhs of thc two boundary lsohycts |
- Summary resu]ts of calculalmg ramfall for cach subbasm are shown below

Summary of Rainfa]l Ca!culation Based on 3 Days 1929 Slorm

3-day ®

. - | > Catchment 3-day® Ratio to 1:day ¥
Subbasin .~ Area | 1929 Storm, | . Basin | PMP | - PMP
‘ L km? Cmm Storm | mm - .| mm
BI 5776 | 1615 | 093 |- 1618 | 2265
B2 5,74 “181.8 - 1.05 1827 | 2558
- B3 1,347 “115.1 1 . 0.66 - 114.8 © 160.7
B4 803 2708 - S LS6 | 2714 - | 3800
Tolal Basin 13,650 1732 1.00 1740 243.6

1) Values calculated from the 3-days 1929 storni 1sohyclal map (Figure 3.3.9) .
. 2) Valucs adopted based on estimaicd basin 24-hours PMP.value of 174 mm
3) Values adopted based on maxnmizauon of 24- hours PMP by 14

" The va]ue for 72 hour PMP can be csnmated as 243 6 mim. The csllmatcd .
- value of PMP for 24 hours and 72 hours can bc dlsmbuled among lhe o
' subbasms based on the rclatlve ramfali dlslnbutlons as shown in the abovc '; -

o table.

; ._'5) Eshmatlon of slorm ]osscs

“In lhlS Study, ramfa]l losses were esl}matcd from avallable flood record :

and correspondmg storm valuc and dlSlflbullOl‘l usmg 'm optlmwatlon .

' tcchmque
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In wcw oflhe dala avallablllty, lhe ﬂood of Juiy 25, 1995 was .



considercd to provide the necessary data for the rainfall loss cstimates.
* The hourly flood records were available at Chakdara water level station
~and hourly storm distributions were available at Kalam and Mardan rainfall

i

¥

e

gauging slations. The optimization processes were carried out with the
HEC-1 model (ref. 7) in which initial and uniform loss ratc values were

calculated after scveral opllmlmuon trials. The initial loss and the constant
loss rate were best optimized as 5.5 mm and 4 5 mm/hour, rcspccllvely

6) Bsumahon of maximum snowmell rates and base flow

Although snowmcll has SIgnlflcant lmpacls on flood hydrograph cspecrally

durmg MONSCON Season, SNOw data and mformatron within the Swat River

basm arc not avarlablc Due to the lack of snow dala it is dlfflcult o

, .accurately 1denl1fy the portion of the snowmclt that may contrlbu!e to lhc'
' dcs;gn flood at the proposcd Munda Dam snte _ ' a

In !hc present sludy, snowmell cftcct is consrdered as thc basc flow for the

calculation of PMF and its flood roulmg among the dlftcrcnt basins. After |

review of the avallab]e melhodologlcs and appropnale iechmqucs it was
decrded to adopt the average of csllmaled long term flow records (1956 -

| 1997) at Munda Dam site (Tablc 3.3.9) for July as basc flow and: snow |

E 'cffect when performmg PME- e.sumales This value can be considered as

_ 650 m /sec and will be dlslrlbutcd between ‘Upper Swal and Panjkora river
- subbasms (Bl and B2) as 400 and 250 m/sec respechvcly The value |
Aadopled for Upper qul Rlver basm was based on thc fong term flow
'records (1956 — 1997) at Chakdara station (450 m3/scc) after subtractmg' :
lhc dwcrmon water for Uppcr Swat Canal and local users (50 m’/sec) -

: .7) Conslruchon of uml hydrograph

To cshmalc the probahle maximum Hood passmg lhe Munda Dam site, the

_ _’uml hydrograph at each subbasm should be conslructed based on recorded

o ﬂoods and storm cvcnls _The Swat River basin 1 up to Munda Dam srlc'

was d1v1ded into three subbasms of Upper Swat, Panjkora and Ambahar

4 | and one regton c0ntr1bules mﬂow dnrectly o the river (Lower Swat). The
- boundancs of thcsc dmsrons are shown m Flgurc 3. 3 7 '

3 _,'The unit hydrograph for Upper Swal was constructed usmg data of five - -

. _ﬂood hydrographs obscrvcd al Chakdara s{auon for thc ycars 1985 1986
S .. 1988, 1991, and 1995, - Thc houriy hydrograph dlslrlbuuons of the five
g LT S . 'ﬂoods for 48 hours are shown in Figure 3.3. 10." As shown in the fi !“gure

S all five floods occurred in July basically due to monsoons of the summer

R R



scason. ‘The flood of 1995 is the most significant as it has the maximum
value (2,772 m¥/sec) and the shoriest time to peak (6 hours) compared to
- the other flood cvents.  The flood of 1991 had the largest base flow of
- 1,366 m*/scc and undefined sudden drop afler 24 hours from 1,156 m*/sec
to 829 m¥sce. '

Storm data durmg thc five floods were oblained from the available ramf’nil
records. Fquwalenl 24-hour rainfalls were estimated from the rainfatl
'rccords al cight rainfall stations while their hourly dlslrnbulions were
“assumed based on the hourly ramfa]l rccords from Kalam and M‘ldran

ramfa]l slatnons

" In the prcscnl study, the uml hydrographs of 1988, 1991 and 1995 were

' calcula!ed usmg HEC-1 ‘model (ref X)) whlle usmg lhe ophmlzalmn
o capab}htlcs of HEC—I and data of thc 1995 ﬂood parameters of unit

- hydrograph and rainfall loss wcrc cstlmatcd The unit ‘hydrograph
paramclers were opnmued based on Clark unit hydrograph method on the
- other hand, the rainfall loss paramcicrs werc oplimized based on umform

. 'loss rale method.

‘ Havmg oblamed the rainfall Ioss paramctcrs for the Uppcr Swat subb’nsm
based on characlcnsllcs of lhc 1995 flood, HEC- 1 model was applied to
- esumate lhc uml hydrograph paramelcrs for 1991 and 1988 flood cvents.

'_Aﬂer several opum]zallon lrlals thc unit hydrographs for cach ﬂood event

"werc dclcrmmed The estimated uml hy: lrograph rcsults show that the unit

hydrogrﬂphs of 1991 and 1995 are quzte sumlar whlle the umt hydrographs

1 of 1985, 1986 and 1988 are also snmllar in their shape Therefpre, this -

- Sludy, two sels of avcrage unit hydrographs were adoptcd and applied to
~ eslimate the dcmgn flood The hourly ordinates of lhese two sets of unit -
) _hydrographs are prcsen!cd in Flgurc 3. 3 11 '

“ In view of the llmlted storm and ﬂood data at Panjkora and Ambahar”_

subbasms the umt hydrograph of Pan_;kora subbasm was. consxdered

o 1dent1cal to thc esumaled unit hydrograph of Upper Swat assummg bo!h

subbasms arc physwa]ly thc same (ref. 3) ~ FPor Ambahar subbasm, a
synlhetlc umt hydrogmph was denved usmg the US Sml C‘onsenialxon"- '
: Servncc mcthod (rcf 8 and 9) S SR

’ The ﬁnal csumalcd uml hydrograph ordmatcs for Ambahar arc shown in
| Flgure,33 12 ' ‘ Sl ' '
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- 8) Computalion of cornposilc PMF

The principal procedures used to estimate the composite PMF at Munda

o Dam site include:

'y Calculallon of PMF hydrogmphs '1! each subbasins utilizing calculated
| PMP and storm clmractenstlcs loss ratc basc ﬂow and unit hydrograph
dala ‘

- Flood rouling in three strcam reaches between confluence points
(junctions) to the proposed dam site i.c. from Upper Swat to Panjkora
as reach 1, from Panjkora to Ambahar as reach 2 and from Ambahar to

- the Munda dam site as reach 3. A o

Thc HEC-1 modol was uscd to carry “out these proccdures through
.conslructron of a strcam nel\mrk rcprescntmg the watershcd up o the
' proposed dam al Munda '

._ In this Sludy, PMF values were calculated for 24- hour and 72 hour Ume_ 3
. span and two sets of averagc unit hydrographs of 1991 and 1995 and 1985,

; 1986, and 1988 Thc combmahon of these scls leads to four case result sets

o be ex‘immed m cstlmallon of PMFE l“hese cases are as follows:

- B Case 1: using avcrage umt hydrograph of 1991 and 1995 wnh 24- PMP

- -C_asc2 usmg avcragc uml hydrograph of 1985 1986 and 1988 wrth

L 24PMP |

L 'Cas_éi_i usmg avcrage unit. hyclrograph of 1991 and 1995 wrlh 72-PMP
- Case 4 using average unit hydrograph of 1985 1986, and 1988 with |

SRR /2 PMP o S

g Table below summaruos the PMF eshmates at Munda Dam suc for each

case o

' Estimated Probable Maximum Flood Values
- Case. Probable. Maximum Flood (PMF), m*/sec
: ~Peak 0 - '1‘1me to Peak
R 18,170 - - ° R i1
2 01939 R
3 15,990 o o T =
4 16,710 - - 3 18

T E Ordmatc of the computed PMF at Munda Dam site for these four cases are -

: 1lluslrated in F}gure 3313

S From lhc cstlmalcd values of PMF it is cvrdcnt thal 24 hour PMP cases

: }_"(Casc 1 and Case 2) are morc crmcal for lhc dam desngn lhan the 72 hour |



Cascs. Thcrclorc thesc two cascs will be consrdcrcd as PMF valucs used
for the design of the dam and spillway, where eventually case 2 was found
to be the most critical.  Figure 3.3.14 illustrates specific design floods for
~dam and hydropower projects in Pakistah as well as Munda Dam. The
| eshmatcd Munda PMF pcak of 19, 390 rnalscc (142 m*/sec/km?) falls in the
 reasonable range in this fi gurc Therefore, the Munda PMF is considered
_ '1cceplable'

(3) lssllmatcs for Probablc Flood Frcqucncrcs N

The purposc of the probablc ﬂood frcquency sludy is to oblam a rangc of floods
of various magmludes and probablllllcs of cxcccdcncc for dlftcrcnt return
| . pcnods for the purpose of design of s{ruc{urcs other than dams. Flood
'frcqucncy analysrs is usually carried out by utllmng the annual instantancous
- maximum flow records. In case such flow records are not avmlablc flood
. frequency values are obtained bascd on rainfall frequency values converting the

 results to cquivalent flood values using rainfall-runoft relalronshrp In view of

' flow rccords at the Munda Headworks, bcmg msuﬁlcrenl it was decrdcd to carry
out the ﬂood frcquency analysrs based on ramfall frcqucncy analysis. - Ramfall
frcqucncy values for dlftcrent return perrods were estimated based on basin 24-

© hour maximum rmnfqll - The rainfall durat10n of 24-hour was apphcd for the

flood cshmates since the study of PMF revea]ed the maximum peak dlscharge S

* for 24-hour PMP and recorded ma‘(lmum 1929 storm shows the prmcrpal
durstion of 24- hour In order 1o eslrmale basin 24- hour maxm am rainfall,
rainfall records from four stations durmg the pcrlod 1961 - 1997 were selected
(Kalam ‘Charbagh, Amandara and Abazai). Thc tolal basin catchmenl area up
to the Munda Dam srlc was dwrdcd applylng Thiessen poiygon as shown in
. Flgurc 3 3. 15 :

Havmg the annual serres of basm maxlmum dally ramfall frcqucncy analysrs '
using six dlstributrons were examined. These dlslrlbuuons were: Normal Log- -

o ‘\lormal lype II, bog‘Normal typelll Pearson type III Log-Pearson lype II, and
Gumbel Extreme type 1. Among the six dislribuhons Pearson lype I -
distribution was sclected as it produced the best fitted rcsults comparcd tothe

recorded data with a corre]allon coeffzclent of 0 9869 The frequency curve' '

- and eslrmaled values for d1ﬂcrenl return perlods are llslcd m Flgurc 3 3 16

E Maxrmum ﬂood and ﬂood hydrograph for cach relum penod were calculated L

usmg the HEC-1 modcl by uulmng thc basin charactenstlcs based on case 2 (. e.' i

~ Unit hydrograph base flow ramfall losscs ramfall hourly d;strlbutron clc)
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- Figure 3.3.17 presents the hourly flood hydrograph distribution for each return

. period.

336

The resulls are snmmarized as follows:

Probable Flood for Different Return Periods

. ' 24-Your Basin Maximum Probable Flood
Return Period, (Years) Rainfall, (mm) ' (mfsec) .
-2 - 35.7 B 1,050 B
5 : 46.3 : 2,050
10 ' 53.1 210
20 594 ' -~ 3,400
25 1 61.2 3630
- 50 674 o 4,370 |
100 733 5010
200 791 - 5,720
500 ' 86.9 6,610
1,000 _ 92.7 : ' : 7,280
10000 R '1126' o ' 10050

Thc cslrmalcd probablc ﬂoods fail wrlhm rcasonable rangc in Flgure 3 3. 14

lhercfore lhe probable floods are considered acccplablc

. Sedlmentallon o
. (1) Suspendcd Load -

~In the published reporls of Hydrology Drwsmn Irrrgfrllon Deparlmcnl NWPP '
the 'suspcnded sediment records st the Munda Headworks are available for six -

years within the peri_od 1964 to 1973. However, there are various e_xarnpics'o_f

_discrep':r'ncy in these data that raise doubts about the accuracy of the records
“especially during high flow period rcéords So, the recorded suspendcd
- scdiment  at thc Munda Hcadworks could nol be utilized in this Study.

R Accordrng to the warlabllrty of the data, it was decided that the most appropnatc

~ method to estrmatc the sediment inflow at the Munda Dam site is to carry out the
_regronal analysis based on ihe avallable sedrmenl rcoords at the four gaugmg L
_ ' s{atrons of Kalam, Chakdara, Warsak and Nowshera .

':_ Durmg lhe fi e]d 1nvesllgal1on stages, dally suspended sedlment records at Kalam

and Chakdara were co]lecled from SWHP of WAPDA for the perrod 1960 ~

1995 (ref 10 pp 31 40) as compiled in Volumc v Data Book AJso, annu'll :

: ’fsedrmenl ioad rccords at Kalam, Chakdara and Nowshcra stalrons for the penod

g 1961 1990, and that of Warsak slatlon for the pcnod 1961 1970 arc avallable

i, ' 'Thc annual waler yle]d and suspcndcd sedrmcnl for these slahons are shown in
-_ ]_ Tablc33 11 (ref 10, pp. 141 145) '

e



Using these data, sediment concentration at the Munda Dam site was computed
by establishing relationship betwcen sediment and water yiclds. ‘The annual
- average values of cach gaugmg station is given below:

Average Annua_l Sediment and Water Yields

Catchment Annual - |  Water - Sediment Scdiment
Station ' " Area  Flow" " Yield * Load” Yield
: CA - Q Q/A - Qs QslA
km? | mfsec ni'fsecfkm® | - ton/day - | ton/day/km?
Kalam 2,020 - 92 0.0455 - 789 0.3906
Chakdara 5,716 - 180 - 0.0317 3,305 0.5722
| Warsak ¥ 67,340 706 0.0105 - 46,667  0.6930
Nowshera 88578 - 858 0.0097 100,767 | ~ 1.1376

1) Based on records of 1956 - 1997
2) Based on records of 1961 — 1990
" 3) Based on records of 1961 - 1970

o Average annual sedlment and water ylclds for the penod 1961 - 199() at the four
slatlons arc plolted and the regressmn analysrs was camed out as shown in
Flgurc 3, 3 18 2 ' R '

. For lhc Munda Dam site w1th average annual mﬂow 01 228 58 m/see and a

o catchment area of 13, 650 kn?’, the sedlment yicld of 0. 85 lon!day/km can be |
' esumatcd based on the tegressron formula (Y=-16. 635 X+ 1. 1307) shown in the
Irgurc 33.18. Where ¥ and X are the sediment and waler ylelds in units of

o lonfday/km and m:’/sec/km rcspcctwcly

.+ The equwalent average annual suspended sedlmenl value is lhen eslrmaled to be
S § lon./km o '

- :(2) Bed Load -

. Up lo now no bed load measuremcnls have been performed in the Swal Rlver

L ._'basm Ihereforc lhc bed Ioad is to be estrmated bascd on suspended load value '

o For - prellmmary estlmallon bed load can be eslimated based on ihe table -
‘ shOng Bed Load Prellmmary Ra!los to Suspended Sedlment Load suggesled .
by Mulre_ga (ref 11 pp 842) -

' Smce the average sedlment load 1s valued therem as 535 ppm (equwalenl lo
11, 630 lons/day scdlment and 228 56 m’/sec ﬂow) thc csllmalcd rate of bed load

is about S 10 12% of the total sediment load (case 2 in the above table). In this

' Sludy, wrlh safety consrderauon, the proportron of bed load was conservatwely '

assumcd to be 20% of the suspcnded sediment load Therefore the annua] bed o

~ load yleld at lhe Mund‘l Dam suc was esumatcd to bc 62 ton!km
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