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APPENDIXC HYDROLOGY

Basin Description

: Physrcal l'ealurcs :

The proposed Munda Dam site is located on the Swat River, Wthh is a major
tributary of the Kabul River at approxmlately coordinates of 34° 21’ N and 71°
32’ E as shown in I‘xgure C1.1.  Up to the proposed Mundft Dam site, the total
catchment arca of the Swat River basin is 13,650 km? and can be divided among
three major subbasins of upper and lower Swat (6,579 km?), Pa_n;kora (5,724

~ km’) and Ambahar (1,347 km?) river subbasins. The basin lies between latitude

of 34° 20" N to 35°56” N and longltude of 71° 20’ E to 72° 50’ E with about 137
km in lcngth and 110 km in width. The Swat River orrgmales from a

_ conﬂuence of Gabral and Ushu at K'ﬂam in ihe Swat Kohlstan with an average

elevation of 4, 500 m. Below Kalam, lhe upper Swat forms a well marked

‘ Iongltudmal valley, lakmg a soulherly course that further joins the dramage of

' Dir Kohistan and the Buner State and basm elevatlon decreases from 3,050 to
1 520 m or Iess The lower Swat flows through thc broad valley at an elevation -
of 910 1, 220 m The Panjkora Rwer, also rising in the Swat Kohrstan meels
" the river Swat below Kal'mgar Aﬂer their conﬂuencc, the nver turns
':southwesiwards enlers the Peshawar valley and meets the Kabul River at

i Mlsatla Munda Headworks is Iocaled approxnmately 5 km downstream of the

C1.2

| proposed dam site and the Swat Rrver, of which the name is changed as the
~ Khiali River at the Munda Headworks joms thc Kabul Rwer at aboul 35 km

further downslream of the headworks

Chmatle Featu res -

. The chmate varies consrderably over the e’ttchment ~In the upper basin the

winter is very cold and freezmg weather prevarls from November to March with

S ‘snownmelt lemperatures occurrmg between April and Seplember The snow line
o _descends 10 2,500 m during the wmter and recedes 1o about 4,000 m durmg the '

& _summer In the lower basin, the wmtcr is less cool and the summers are hotter, -
L Flgure Cl. 2 shows Ihe satelhle lmage map mdlcalmg the snow- covercd reglons

- in November 1976 for- the enlrre basm The Swat Rchr consequemly carries

L 'perenmal ﬂow whlch 1s generated from snowme]t and ramf'lll

B On average the ramfall over lhe catchment varres from 500 mm to 1 500 mm.
Ram occurs over the basm in both summcr and wmtcr wnh two maximum
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~occurring in March and August, In summer, rainfall is Jargely due to monsoon

influcnces and storms, which produce significant runoff, and occur mainly at the
central and lower basin, The monsoon rainfall far excecds the winter
precipitation both for the daily normal average and the recorded intense falls
(ref. 1, pp. 3). Inthe remainder of the year, rainfall can occur over a wider area
and is largely affectcd by the influence of westerly disturbances. The winter
rainfall in the lower catchment is generally less mtense than the summer rainfall.
In the upper part of the basm, winter precrprtatlon occurs almost cntrrely as

“snowfall.

Present Developmcnt

The ﬁrst significant water resourccs devdopment on thc Swat River took phce '

- in 1885 when the Lower Swat Canal (LSC) was opencd to irrigate 510 km? with -
| a desrgncd capacrty of 29.9 m¥scc as seen in Frgures C1.1 and C4 5. Durrng

1915-19 the canal was renovated by addrtronal barrage to provrde extra 23.5
3‘/sec dlscharge from the left bank. Srmultancously, Doaba Canal with a

: desrgned capacity of 10 m’/scc was constructed to be fed from the rrght -bank of'
- the barrage and hence rncredsed the fotai command area to about 650 km? In
- 1914 the Upper Swat Canal (USC) was completed 1o take oif from Am'rndara

: , Headworks to r.rrrgate 1 117 km with 50 9 m’/sec desrgned drschargc In 1938 a

small hydropowcr ‘plant was sel up on USC ficar Jabban wrth an installed

_capacrty of 9600 kW whrch was rarsed 1o 19 600 kW in’ 1951. Another
‘20 000 kW plant was completcd on the samc canal near Dargar m 1954 (ref 2,

.pp 89)

Hydr'o-mctcorotogicat Data

_. Rarnfall Data

' In Pakrslan, provmcral authorrtles such as the lrrrgatlon Dcpartment thc '
'Revcnue Department and the Forest Department operatcd the rainfall gauging
. stations before the Indepcndencc of Pakistan. .. The Indian Meteorologrcal o
~ Service used to assemble and collect data from monthly provmcral returns and
' '_"publrshed the mformatron in annua] vo]ume entrtled “Dar]y Rarnfall of Indra”
~ which dates asold as 1866 Fo]lowmg the mdependcnce, the operatron of some .
of the rainfall gauging statlons was taken over by Pakistan Meteorologrcal_ _ o
- Service (PMS). - The records for thcse statrons are. held in- Lahore and are -
'publrshcd in a series of volumes entrtled “Darly Weather chorts” For other

o statrons contro] was nol mamtamed and the avarlabrlrty of records dependsr_ . i
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amply on the arrangements made by individual departments (such as Pakistan

- Forest Institute at Peshawar) To date, daily rainfall of these stations not

controlled by PMS can only be obtained from local offices of the provincial

departments.

| Water and  Soil Investlgatlon Dwrsmn (WASID) of Water and Power
.Development Authorrty (WAPDA), or its Surface Water Hydrology Pro;eet

(SWHP) as it is known at present, have sct up a number of recording and non-

recordmg rain gauges since 1960 to supplement ramfa]l records wrthm PMS

" Other Meteomloglca! Paramelers

In addltron to ramfall mformatlon PMS also collects and publrshes other
* climatic parameters wrlhm their “Dally Weather Reports ‘These reports
- include records of air tcmperature pressure, humrdrty, and wmd speed A
‘ number of cllm'ttologteal stations were set up by SWHP/WAPDA smce 1960 to

record daily data of temperature evaporatron humidily, and wmd

| The melcoroioglcal data were collected during the field mvcsugatlon of the
‘ Study from severa] agcncres responsrblc for maintaining meteorological data

within and around the Munda catchment area.  Principal sources are listed as

' _fo]lows

R Paktstan Meteorologlcal Servrce (PMS)
- Irngatron Department at NWFP (ID)

- _Provmcral Authorltlee al NWFP (PRO) -

: - Surface Water HydroIogy Pro_|ect at WAPDA (SWHP)

- Pakrslan Forest Institute at Peshawar (FOR)

Statlons mamtamed wrthm and around the Munda catehment area by PMS and _

- 'other provmeral departments are listed in Table C2.1. The locatrons of these

"~ stations are shown in Figure C1.1. Ramfall records are avarlablc within all the

) __‘-'melcmologlcal stations. = Peshawar statron has records for 7-climatic parameters

- and is consrdered a synoptre station. = For the Study, records of daily / hourly

o ramfall and darly / monthly meteorologreal data were collecled and encoded by - '

the Study Team durmg the site mvestrgatlons ' Inventory of the collected'
meteorologlcal data is shown in Flgure C2. 1

' Flow l)ata

R _. Prior to the mrd 19505 the Irrrgatlon Deparlment (ID) mamly through its two
agencres of the Imgalron Rcsearch lnstrtute 'md the Hydroiogy Dlrectorate was.



~ the only organization which colltected river stage and discharge data on a regular
 basis. The Railways Depariment and the Public Works Depariment also

* maintained gauges at existing or planned bridge sites but flow records arc
available on discrete condition on high flood stages rather than on continuous
| record of river levels. _ Within the Swal River basin, ID mamtamcd flow data at

Chakdara since 1911 and Munda Headworks since 1927. ‘The obscrvallons_

| praclrce carrled out by ID conststs of staff gauge readings taken once, twice or
 three trmes a day durmg normal flows and morc frequently, but insufficient,

~ during ﬂoods Th1s prmcrpal practice brings fair records during norma) flow

'condrllon and poor reeords for hrgh and Iow ﬂow perrods (ref 3)

An organized program of counlrywrde hydrologrc observatlons and data

'collcchon usrng methods developed by the United States Gcologlcal Survey

(USGS) was. undertaken after the establrshment of WAPDA in 1959. In -

: .tanuary 1960 the Surl'ace Water Clrcle was created by WAPDA solely for the
management and operallon of hydrologleal stations.  This orgamzatlon was
later merged into Water and Soil Investigations Drvrslon (WASID) and now
. operates under the name of Surface Water Hydrology Project (SWHP)
r'.-'HycIrologlcal data collected by SWHP consrsts of river stage and drschargc

R suspended sedrmcnt concentratlon and waler quahly dala

- 'Computed mean darly flows based on stage and drscharge obscrvalrons along

with the sedrment and water quahly analysrs data are publlshed in SWHP annual

- reporls '

Standard SWHP praclrce at dlscharge measurement shtlons is to measure river - -

levels at several times a day durmg low ﬂow perrods and more oﬁen durmg hrgh
flow. Al some important slations such as Nowshera observatlons are carrred

out hourly round the clock durmg hlgh flow pcrlod (fuly — September) “This

- prmc1pal practice brmgs fair rccords for both high and low water record perrods

- In July 1962 all stations located in the foothllls and mountain aréas Were .
' ""_transferred to WASID, whrle those m the plains rcmamed wrth the ID. L
" Following this principal, in thc Swat Rwer basm, the stauon of Munda

Headworks rcmamed inID Charsadda Drsirrct of NWFP

| inventory of the water level statlons mamlamed wrthm and around the Munda . o
 calchment area by SWHP and ID is listed in Table C2.2. The locauons of these o

stations are shown in Frgure Cl.1 along with thc meteorologrcal stalrons F

@



During the field investigations of the Study, hydrological data were collected and
encoded by the Study Team for five stations and two diversion canals. Inventory
of the collected hydrological information is shown in Figure C2.2.

In s'ummary, within the catchment of Swat River basin up to the proposed dam
site, the hydro metcorologtcat data are avarlable from eight rain gauging stations

and three waler level gauging stations as shown in thure C1.1.  As shown in

'the figure, the existing rain and water level gaugmg stations are mconsnstcntly

located a]ong the main stem of the Swal River wrth no smgle station available in

_. the Panjkora Rtver basm WhIC]l represents approxnnately 40% of the total
catchment area of the proposed Munda Dam. To supplemenl the hydrologtcal -

_ .tnformatton for the Project, new ramfa]i and watcr level gauging statrons were

recommended by lhe Study Team as shown in thure C1. 1 and are currently
under constructlon by WAPDA at: ' '

1) Approxtmate!y 2 km downstream of the proposed dam site where the
river channel is relattvely straight and narrow, and
2) Near existing Zutam Brrdge in the Panjkora Rtver basrn

: Flow Records at Upstream of Exrstmg Munda Hcadworks

There are daily flow records at the upstream site of the extsltng Munda '

Headworks, which are annua]ly comptlcd as an annual data book, “Stream Flow

R and Ramfa]l Data, Peshawar Zone” pub]tshed by Hydrology Dtvrsron Irrtgatton
Department NWEP. - These Tecords can be of crucial help. for the assessr.tent of
" water avatiabrltty passmg the dam site. However there are some dtsputable ’

records and ambiguity mvolved rcgardtng application of rattng curve, frequency
of dtscharge measurement backwater effects from the hcadworks eic. The
followrng statements were carricd over from the prevrous studtes and available

o reports that rndrcate some reasons of thc dubtous records mamtamed by ID at
_ Munda Headworks gaugmg statton ' ' '

: '-', A greal dtscrepancy was noted when the rccords of Swat Rtver ﬂows at

Munda Headworks as observed by the lrrtgatton Department were chccked

agamst the SWI-ID dtscharge ﬁgures of Kabul nver both above and below

the conﬂuence wrth Swat Rtver. (ref. 2, pp 18)

_' ’-‘___Dtscharge at. Munda Headworks since. 1927 .untrl. recently havc been'_‘ ‘
S ,computed by the Irrtgatlon Department on the basrs of gaugc hetght

- 'observattons and’ dtscharge ratmg tables developcd ‘using rod and float
- measurements These records arc consndered lo be onty approxtmate smce :



the gate regulation and water diversions into Lower Swat and Doaba Canals
in tow-flow periods occasionally influence the river stage. (ref. 3. pp. 1-4)

- About 500 m upstrcam of Munda Headworks there is a gauge maintained by |

the Hydrology Division, Irrigation Dcparlment Peshawar. At this section,
~ there is an old cableway, which is oul of function. T here is no arrangcmcnl
of measurcmcnt of velocity and a proper rating curve is not avallablc for the
section. The d1schargc values are cstrmated against ‘the gauge obscrvations
on the basrs of the previous discharge values which were rccordcd in the
past when occasional measurcmem of chocnly was also practrccd ‘During
low or medlum flow period the gaugc obscrvatrons may be affecled by the
closure of gates at the headwork, whlch may mvolvc ercor in the discharge
dala Somclrmes gaugc observallons are taken at Munda Headworks and
 the Hydrology Division, Pcshawar also uses the corrcspondmg discharges,
instead of observations at their own section (rcf 4 pp-4)

. A strcam bifurcates from Swat River about 500 m ups{rcam of the present

~ cableway and downslream of the gauge site, wrlh the result thai the whole
discharge cannot be measured at high’ stages dué 1o the Spl]l in the side
stream. However it can be csumated quge is affected when the gates of
Munda Headwork are lowcrcd during low stages of the river to supply water

-~ to Lower Swal Canal. | It is dlfﬁcult to shift the gaugc sitc furthcr upslream |
duc to the dlsturbances in the tnbal arca (SWHP annual rcporis) '

_Based on the sntc obscrvatlons the results of 1nterv1ews carried out dunng the .
- ficld mveshgatrons, and the abovc perccptlons concluded that the ﬂow records at
~ the existing Munda Headworks are not rcllablc and cannol be adopted for the

hydrologrcal sludy for lhe PrOJccl

Flow Records '1t Other Sl.atlons

Therc are four olher ﬂow gauglng s{allons in and near thc Swat River basm '

These stallons are Kalam (Swat Rlver) Chakdara (Swal chr) Warsak (Kabul' o
Rlvcr) and Nowshcra (Kabul Rlvcr) The four stations are in opcrahon by the

'_ ‘Surface Walcr Hydrology Project (SWHP) of WAPDA sifce 1960 up tili now, '

' cxcept Warsak, which was abandoncd after the conslrucllon of Warsak Dam 1n

1970. " As descnbed above,” SWHP follows the proccdures used by US_

" Geologlcal Survcy, and standard SWHP prachcc at gaugmg stauons is o
* mcasure rrver level sceveral times a day durmg low ﬂow pcriods and more )
'frequcntlydurmglhoscofhlgh ﬂow perrods S TR

o6




In order to compare the daily flow trends among the different stations, daily
records from 1990 and 1991 at Kalam, Chakdara, and Nowshera were extracted
from the available data and ploticd as shown in Figures C2.3, C2.4 and C2.5
- respectively. It can be noticed that maximum daily flow occurred within the
summer season for the thrce stations in both 1990 and 1991, Mean monthly
discharges for the period 1960 to 1991 al Kalam, Chakdara, Nowshera, and

Warsak are shown in Figure CZ 6

‘ Dlschargc measuremcms are gcnerally made lwice a month during low flows
and more frequently during high flows. The average number of discharge
observations during the period from 1961 1o 1981 (for Warsak, 1961 to 1971) is -

~ as follows:

- Average number of discharge observation

_Gauge Nos.fYear
Kalam 26
Chakdara o 42
Warsak 21
Nowshera S 28

* Soutce: ref. SchhmcaI Memo 7, Table 9, pp. 27

Durmg the first ﬁcld mvesllgatlon stage ratlng curves for Kalam (1965 1988) o
- Chakdara (1964 1988) and Nowshera (1964 — 1987) stations were co]lected and N
- are shown in Figures C2 7, C2.8, and C2. 9 respechvcly ' '

To mvcsilgalc and fi nd out the rc]allonship bchvcen these flow patlems w;thm
the Swat and Kabul basins, correlation analysis was carried out on the basis of
~ the monlhly flow data Cross correlallon among cach palr of stations was

__calculaled and results are shown in Flgurcs C2.10 and C2. 11, and tabulatcd

. below.
Correlauon Coc[‘ﬁcicnt for Monlhly Dischargc

S B AmongWalerImcl Gauging Stations L o

- Name of Station - Kalam - | Chakdara | = Warsak Nowshera
_(CatchmentArea) - | (1961-1995) | (1961-1995) (1968-1971) | (1961.1995)
Kalam (2,020 ki) ol 09445 0.9165 . 0.9086
~ Chakdara (5,766 kni’) - - L0973 | 09716
Warsak (67,340 km?) - - - e - 0.9914
Nowshera (88 578 km’) ' -

Based on the correlallon cocfﬁcmnt rcsulls the correlallon is qunlc hlgh among
. monlhly ﬂow data al the four statlons especnally between Chakdara, Warsak and
Nowshera for whtch lhe corrclallon coefﬁc:cms are morc than 0.97. '



Furthermore, the correlation analysis of the monthly flow data at the above
stations was carried out with Munda Headworks Station as shown in
Figure C2.12, which indicates low correlatron cocfticients of 0. 68 0.83.

Analysis of the rccords within the four stations, Kalam, Chakdara, Warsak, and
Nowshcra, maintained by SWHP- WAPDA revealed that flow records are reliable
and acceptable based on the fo]lowmg reasons: '

- Standard practice of flow measurements of US Geologlcal Survcy

- Number of the flow measuremenls are sufficicnt

- Updating of the respeclrve ratmg curves ' _

- High corrélation coefncrents among records of each gaugmg statron -

' - The records wrthm the four statlons wcrc uuh?cd to estimate the monthly ﬂow

dala at the dam site based on reglonal analysrs as wrll be described later

~In order to ‘oblain long-lerm monthly ﬂow data at Murda Dam srle avarlable '
_ records at Kalam Chakdara, Nowshera, and Warsak were utilized, Analysrs of
“the available records revealed some missing records from 1961 1o 1997 as shown
in Flgure C2.2. Review of avarlable reports and studies were conducted o
provlde some of these monthly mlssmg records (c g for the perrod 1956 — 1961
from ref. 3).  The femaining mlssmg records for the years 1973, 1974 1991 and
1992 at Kalam, Chakdara and Nowshera stations were supplemented usmg :
© means of serial correlalron method. Because of the large documentation of
' serial correlation methodology descrrplron ‘and matcrlal involved, only the '

- _outlmc of the methodology will be described. . Details of the approach can be
~ found in “App]led Modelling of Hydrologlcal Time Series” (ref 6) In brref '

- the fo]lowmg equahon was applred

01 =MO b0, MQ,J+ dtd117)"
-Where Q,,, and -~ are the drscharge and slandard dcvratron durmg i and ; _

" months respcclrvely MQi and MQ;,; arc the mean of i and j months
rcsPcctlvely. The b; and r; are the regrcssron coe[ﬁcrent and the random :

B norma] mdependcntly drslrrbutcd Varlates (zero mean and uhit varlancc) durrng'

_ --_'lhe Jjmonth. - During the model compulalron the 1ndex J ran cycllcally from 1 to"-'{
12 months Given a table of normal random devrates and the 36 calcu]aled

- _stahstrcal parameters of monlhly ﬂow (MQ, and d for each monlh and g for each '_ g

pair of consecutrve months) the computauon of Q,,, is a strarght forward matter
of arnhmetrc g : '

:iThe long-lerm l'!ow records (avarlable and supplemenled) at Kalam, _Chakdara B

- and Nowshera arc l|sled in Tables C2. 3 C2. 4 and C2.5, rcspcctrvcly

R



Bay of Bengal.

Metcom!ogy

General Chmatologlcal Char‘actenshcs

The clrmale of the Swat River basin is classificd as sub-humid tropical
continental high lands. The topographic features, especially the altitudes,

influence the climatic conditions significantly. * Precipitation over the catchment

" arca is the only source of moisture and it is received in the form of both rain and

snow. Rainfalls occur within two scasons, monsoon (July to Seprcmbcr) and
spring (February to May). . The monsoon rain brings 30% of annual rainfall in
the basin and prevalls with moisture brought by winds from Arabran Sea and the
In the upper region, monsoon rain brmgs 15% of annual
rainfall and the rest is due to snowmelt that takes cifect during summcr The
Panjkora basin is fairly well oriented and exposed to the monsoon incursion,
which invades it from the south and southeast, as the soulhwes{ is primary

blocked by Safed Koh Hills boarding the Peshawar Valley. Bc&des rainfall in
- the summer season is occasronaily associated with the eastward passage of active
. western disturbances, which reach West Pakistan from the west. This passage

slrenglhcns and induces the aclrvny of the Arabian ‘\/Ionsoon and causcs rain to
fall over the drier parts of the basm (ref 1) Accordmg to the normal 1sohyelai

" map prepared by PMS, the annual rarnfa]i w1lhm the catchment area varies
_ .locally from 380 mm to 1 270 mm with 810 mm average annual ramfa]l (ref. 4).
; _ 'Monihly ramfall dlslnbuuons mdlcale two exrstmg pcak seasons in March and

in Augusl [‘or most of the stations. However srgmﬁcant varlatlons in ramfall L
"drslrlbullons can be noileed among the dr[ferent slallons B

S : _ Temperature varics wrthln the region extensrvely T he upstream rcgron of Swat

' November to March.
hotter

River at Kalam has a very cold and freezmg temperature in winter from -
“In the downstream wmler is warmer and summer is -

The 111ax1mum lemperature usually occurs m July and mmrmum in

_{'_'January Based on the co]lecled dala, the long-term avcragc annual lempcralure -

valucs al four mcteoro]ogrcal slallons are lrsled below

Long term Mean Monlhly Maximum and Mmrmum Temperalurcs D
, , . Units: °C

~ Station Maximum . Minimum - Average . Period
Kalam S 192 ¢ C-1.d 106 -~ 1986 - 1996 .
Saidu Sharif - 28.7 8.2 19.1 1974 - 1991
Mardan - - 319 . 92 L 211 - 1985 - 1996 -
Peshawar 331 o112 22.7 1961 - 1991 .
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Rainfall Analysis

In Swat River basin, gencrally the months of July and August have the highest
magnitude of rainfalls, while November has the lowest rainfall throughout the
year. Based on the collected data, monthly rainfall at 7 gauging stations are
listed in Tables C3.1 to C3.7. The monthly rainfall distribrilio_ns at Kalam,
Charbagh, Malakand and Abazai stations are presented in Figbrcs C3.110C34.

The long- -term niean morith]y and annual rainfal_ls at cach rcspeclive station are
summarized in ‘Table C3.8 and Figure C3.5. Double mass curves among some

'selecled stauons ar¢ prepared and shown in FrgureC3 6. As shown in the
ligures, mlensrvc ramfall in ihe years 1987 and 1988 were encounlered at
- Charbagh station. ' ' ;

Evaporatlon

- Evaporanon records are avallable at Peshawar meleoroioglca] station, wlnch is
~ the closest station to the ijccl site. The annua]/mon!hly pan evaporation

records observed by Pakistan Forest Institute, Pcshawar, for the perrod 1967 to
1985 are avarlablc from the Prc—I‘easrblhly Report (ref. 4).

' Durmg lhe ﬁcld mvesilgalron stagc addrllonal monlh]y evaporahon records for' .
- the penod from 1986 to 1997 were co]lected and are llsled in Table C3 9.
These rccords were combmed wrlh the records of 1967 1985 to obtain monlhly '
" long -term ev :poralron hme series for the penod 1967 - 1997 and resulls e
shown in Table C3.9. The resu]ts mdrcated that average : annual pan evaporalron '
* based on 31 year data is 1,674. 1 mmwitha maxrmum of 275. 8 mm in June and

minimum 40 7 mm in December

- To estimale ihe evaporalron loss from lhe reservorr the valucs of momhly pan _
evaporation records were muluphed by the conversron factor of 0.7 to convert

the pan cvaporallon to the Teservoir evaporation The converled daia is used to
cstimate the evapora(ron loss from the Munda Dam reservorr for thc different

' proposed waler ievc]s durmg the reservoir opcralron sludy ' |

: Stream How

Analysrs o[‘Avallable Dﬂta

The Munda Dam PrOJect is proposed on lhe Swal Rlver basm wrlh a catchmenl T
arca of 13,650 km® and fraverses a river lenglh of about 250 km - The
catchment area was calculalcd and cxamlned by d1v1dmg the total basm mto four ._‘, e

. ClO ':: SRR
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- regions as illustrated in Figurc C4.1.  Based on the calculated catchment arcas
for cach rcgioﬁ, the upper Swat catchment arca up to Chakdara water 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 (otal catchment area and
contributes an average of 50% runolT to the Swat River, is not being monitored.
Flow records at the Munda Headworks are believed to have a low degree of
reliability as discussed in the p'rcvious scction.  Therefore, alternative
methodologics Ihat included rainfall-runoff and regional analysis wcre
investigated in order to csumatc the long-term flow values passmg the Munda

" Dam suc

Analysns of flow rccords mdxcales no dlrect relationship bctwcen rainfall and the
corresponding runoﬂ on both a monlhly and annual basis. To 1]lustrale this, the
“runoff coefficients at Kalam and Chakdara water level stations were calculatcd
based on the relationship between annual rainfali and corresponding annual
) spec;f' ¢ runoff as shown in Flgurc C4.2.  The average annual runoft
“coeflicients at Kalam and Chakdara, as shown i in thc figures, were calculalcd as
1.47 and 1.03, respectively. These values are lmpractlcal and the mosl likcly
reasons are (i) intensive ramfall and snowfall al the upper basin of Swat and
: Panjkora arc not observed, (ii) locally intensive rainfall is not properly observed,
With this fact in mind, appllcallon of rainfall-runoff methods and modcls (such
as Tank model) cannot be uuh?ed in this Sludy '

Wnlh thc lmnled ramfall and snow mformallon lhc regional analySJS was
| dcslmed to be the most smlablc proccdurc to be apphcd for water ava]lablllly
esllmalcs at Ihc dam site. . In order to carry out reglonal analy31s the flow
_ rccords of Kalam and’ Chakdara at the Swat Rwer basm, and Nowshera and

- Warsak at thc Kabul River basm were ulilized.

Procedures of thc reglonal analysrs are outlmed in the followmg Flgurc Ca. 3

o C_li._ ) !
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Rewew nalu:ahze and supp!cmenl usmg means of serial oorrelauon method !hc

avallable long-term flow records at Ka!am, Chakdara, Nowshera ar] Warsak

/

Develop relationships between monthly flow and catchmenl area using data at

Kalam, Chakdara, Nowshera and Warsak for each month wnh power formula,

- (Discharge Yield) = a ( Catchunent A rea)"

Estimate monthly flow volumes at Kala'm'(V Kalam}, Chakdara v Q\akdara) ad
Munda {V Munda) for each month ajplying a -and_ b of formula.

N

lelnmle synthe.stmd monlhly flow (natural ﬂow) at Munda Dam site as follows

Jan-— Apr, Nov - Dec. : QMunda = (vuunda IVChal’dam)xQCImkdam _ _' :

May-Ol  : QManda = (Vﬁfundal V Chakdare) x O Chakdazra + (VMundaIVKaIam) x0 Kalam :

X

, .

Estimate present flow condition at Dani S Estlmate fulurc inflows at Dam site
site siqblrac!ing present water use for L : S sublracting fulure water use from the
irrigation for the synthesized flow . .| syntheiszed flow. RN

Figure c4.3 . Procedures of the Regional Analysis

F!uw Eshmallon 1t Munda Dam Slte

: Flow eshmahon was carrled oul based on ﬂow-calchmcnl area relauonshlps

| 'usmg flow rccords al the four slallons of Kalam Chakdara, NOWShera and :'

Warsak The rclatnonshlps have bccn dcvclopcd for each monlh based on _

avcragc monthly rccords in each stallon

: Flgurc C4 4 prescnts lhe relallonshlps bclween the monlhly dlsch'lrge yleld and '-

correspondmg catchmem area in cach slauon - As shown in the ﬁgurc, all the

) rclaltonshlps were best ﬁtted usmg powcr formula in the form:

(Dtscharge Yeld), = q (CatchmentArea) b

Where dlscharge yteld is the specnfic flow VOlumc per calchment arca al monlh I

1 __cxpresscd in mm, - For each month values for a, and b, were esllmalcd as _
shown in the figurc. Havmg the monlhly relanonshtps monthly chschargc yleld P '

“at Muuda Dam sne can bc then csumated Wnlh a calchmcnt area of '7

ez




13,650 k%, average monthly flow volume at Munda Dam site can be calculated

as shown in the following table.

Monthly Estlnmled Parameters for Discharge Regional Analysis

: Power paramefers . | Discharge | Flow
Month a b Yield Yolume v I\Ii<urlnda,-' V V(l:\'iuﬁgal v
o mm 1 10°m® alam Chakdara
Jan. 143.91 -0.256 - 126 - 172 4.24 1.66
Feb. 163.84 | -0.263 13.3 182 553 | 162
| Mar, 227.18 - 0213 29.8 - 407 9.30 159
Apr. 517.91 -0.218 64.9 3817 - 7.88 .77
May - | 34523 - |  -0.385 882 I 1,205 -~ 3.54 1.54
Jup, - 8037 -0.439 1235 1,686 - 2.56 1.54
Jul. 11904 . -0.469 137.1 1,872 - 252 10 156
Aug, 7235 - -0.463 881 - { 1,204 246 1.47
Sep. 3066 - 0458 | - 39. - 534 234 140
Oct 1296 - ° 0436 | 203 278 - 291 1.51
Nov. + 472, 89 - -0.361 - 152 208 - 340 | el
Dec. 262.81 -0.308 - 13.9 191 3.9 . 1.58
Avcrage 3005 -0.356 53.8 736 421 1.57

' The monthly natural dlscharges at Munda can be lhen estlmalcd by usmg the

followmg rclatronshlps

(@ Munda),J (VMrmdaIVChakdara),x (Q Chakdam),J for I= 1 234 11,12

or

. (Q Munda),J = [ (V Munda / VC]mkdara), X (Q Chakdara)u

(VMunda | V Kalam) © Kalam) W2 for.I 5,673, 9,10

| 'WhereI is the month]y index (1, 2 ...12) and j is the annual mdex (1956 1957 |

«.1997).  In each month volume ratios of Munda to Chakdara as mdlcatcd in

" " the above table can be apphed to the flow records at Chakdara to obtam ﬂow =
' records at Munda Dam srte - ‘ :

Takmg rnto consrderatron lhe fact that nalural dlscharge volume durmg the -

' perrod from May to Oclober is strongly mﬂuenced by snow water from the
~ upper basms the effect of flow records at Kalam, which is_ locatcd in lhe
mountaln reglon was acqualnted as shown m the second equatlon e

.4_ ’I‘o esirmate the ﬂow at the Munda Dam sne present and future water drversrons
" in the basm for lrngatron schemes shall be taken into. conslderatron - The

schematlc dtagram of errgatlon schemes is shown 1n Flgure C4. 5 and the water '

- use of each scheme preparcd by Swabr SCARP is hsted in Tablc C4 1.

. Smce the exlstmg 1rr1gatlon schemes such as Nlpkrkhel and Fatehpur arc locatcd
:j -I,'" the Chakdara basin, the dwertcd water of these schemes was fi rst added to the_
- : Chakdara hlstoncal ﬂow records m order to csttmate the natural flow. Results



of the adjusted flow are listed as shown in Table C4.2. FolloWing these

adjustments, the mont.hiy synthesized flow at the Munda Dam site was estimated

utilizing the above equahons and is shown in Table C4. 3. This estimated flow

rcpresents the natural flow at the Munda Dam site and to cstimate the prescnl
 (historical) flow condition at the Munda Dam site, the diverted water at USC and -
. '_vanous cxrsllng 1rrlgatlon schemes are 1o be subtracted_from the synlhcsued
flow (natural flow). | '

Table C4.4 shows the historical dlversmns to USC at Amandara Hcadworks

: thrc diversion rccords lo USC arc missing, those werc supplcmcn!ed by the

average of the rccords during the penod 1956 — 1964 (ref 3) so that the
' diversion records were avallablc as a continuous chronicle. It is lo be noted
' that some of the historical dwcrsmn rccord were shghtly adjusted so that the
) dwersmn volumc to USC docs not excecd the recorded mflow volumc al thc

_ Chakdara gaugmg slation. ' i R

The esilmated monthly ﬂow records at the Munda Dam site (prcsent condmon) :
~afler sublraclmg all the above present water use, werc then calcu!alcd and the
_"'results are shown in Table C4.5. Thc long -term avcrage annual inflow at

' Munda Dam site can be estimated as 7, 208 MCM (mllhon m ’) with a maxlmum |
- 0f20,175 MCM in July and a minimum 0f906 MCM in January

It is p!anned lhal dwcrsmns to USC as well as olhcr water uses w1]l be

. substanha]ly increased in thc future as shown in Table C4.1. - Thcrefore the
| avallablc flow at the Munda Dam site w1|l be reduced once such cxtens;on plans '
ar¢ implemented. ‘ : Lo ‘

Tqblc C4 6 shows Ihc momhly expectcd dwcrsmn ﬂow ralcs to USC in thc
_ futurc Thc estimated values were based on the assumphon that the maximum
waler use for UsC dunng the dry season is limited to the dlffercncc of the inflow

at the Chakdar'l stalion and the water use by locals at the downslream of the .

Amandara Headwork Thc walter usc by Iocals was assumed to be 5. 66 m’/sec

The extendcd water uses of !he m;gat;on schcmes in lhc basm and extcnded
_ diversion to USC arc then subtraclcd from the synlhcsnzcd flow (natural ﬂow) |
- The csumatcd future monthly inflows at the Munda Dam site aﬁer lhc cxtensmn '
' of these schcmcs are shown i in Table 04 7. EAR

| Slncc the cxtcnsmn of USC lS cxpcctcd to be 1mplementcd soon, lhe esllmated
flow at the Munda Dam site after the extensmn of lhcsc schemes should be
'appllcd for opllmlzallon sludy of lhe Munda Darn . : ‘
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Flood Studies

The prime objective of the flood sludles isto csllm'tte a scries of flood values Ior
the design of the various structures of the Project. There are two principal
flood calculation requirements for the design of the dam and spillway, and the
design of the other relevant structures including river diversion arrangement.
In view of the large scale of the Project (both financial and physical),
considerable care is required in the sludy of flood hydrology and the sclection of

' the appropriate design floods as the risk of overtopping the dam embankments is
 of significant importance. Because of these two principles, it was decided to
" estimate probable maximum flood (PME) based on probable maximum

prcc;pllalion (PMP) for the dam and spillway design.  On the other hand,
probable flood calculations based on ramt‘all frequency analysis for different
refurn periods werc consldcred for the design of powcrhouse downstream
slructurcs of splllway and the dwers;on facilities. '

'Proccdure of Flood Sludles

The proposed Munda Dam is consndcred as a major structure that rcqulrcs

- estimation of flood values for dam and spillway dcsrgn bascd on probablc

maxnmum f]ood (PMT) that may be expcctcd from the most possnblc severe
_combmatlon of critical metcorologlcal and hydrologrca] condluons in the reglon '
The estimate of probablc floods is also rcqun‘cd ~ The physxcal -based -
procedures shown in the fo]lowmg Figure C51 are appllcd fo' PMF and -

" probablc ﬂoods oshmalcs '

s o



Divide calchment area into 4 subbasins

4

o

Fstimate 24-hour and 72-hour basin PMP

Estimate base flow at Munda

Fstimate 24-hour basin rainfall

: : . Dam site freouenoy values bascd on
Statislical Appro:_tch Metcorological rainfall records at Kalam,
based on rainfalls at : Approach based on Charbagh, Amandara and
Kalam, Chz;rbagh, ‘ 1929 slorm wnh : Abazai using Thiessen polygoh
Amandara and Abazai maximization N : - '
with area reduction - Construct unit hydrograph for
_ each subbasin based on flood
records at Chakdara l]_1:_ough B
Analyze shoit- durat:on siorm dlsirﬂnuhon in each optimization studies of Te and Select ;h'ort_-du;r_ai_ion storm
_ | subbasin based on 1929 storm dala and storm R or US Soil Conservation distribution and storm loss used
losses Service Method o for selected PMF case
Y )
Compute PMF hydrograph at each (‘ompute probab!e ﬂood h) d:ograph at
stbbasin = . - . - each subbasin o
Y Y

Computé composile PMF at Ml_mda Dam - ‘ :

site through flood toutiﬁg for 24-hour Compute oomposl!e pmbable ﬂoods at

and 72-hour time span and 2 sets of Munda Dar site !hmugh ﬂood routing

average unit hydrographs '

L' Check eslimated I'!oods by comparing with design floods of other projects
" Figure C51  Procedures for PMF and Probable Flood Estimates
c52 Compuialimi of Composite PMF
Cs.2.1 Calchmcnt Arca Dmsmn to Subbasms

In lhlS Sludy, lhc total catchment arca of the Swal Rlver up to Munda Dam site

can be divided into four subbasms The boundary of cach subbasm is shown 1n

_ Figure C4. 1 and the catchmenl arca of cach one is l]SlCd in thc followmg




C5.2.2

Catchment Avea of each Subbasin

Index Name of the Subbasin Catchment Area, km?
Bl Upper Swat 5,716
B2 Panjkora ' 5,724
. By . Ambahar : 1,347
_ B4 : Lower Swat 803
[ Total - 13,650

Esumatlon of Prob'lblc Maxlmum Prccmﬂatlon (PMP)

- PMP can be defined as "theorehcal]y, the grcatcst dcpth of prccrpnauon for a -

given duration that is physw"illy possible over a given storm area at a parlicular
geographical location at a cerfain time of lho year” (ref. 7).  The more common
methodologles to estimate PMP are the meleorologlcal and slausllcal approaches.
The statistical appro*tch may be used wherever suﬁlcwnt hlSlOl‘lC'll rainfall data

are available or where othcr mclcorologlcal data such as dew point and wind

spced are lacking. The statistical approach is of parllcular 1mportance for
makmg quick estlmalcs for PMP and prov:des a check gulde for the estimated

values _by the meteorological approach. - In this Study, both of the approaches

were applied to predwt the most relevant PMP value for PMF estimate at Munda

“Pam snc

' (1) Slallsllcal Esumalcs of PMP

: 'The stanstlcal melhodology for csllmatmg PMP is based on siatlsllcal anaiyms of_

maxlmum rainfall records within gauging Mallon The methodology is to yield
only point PMP cstlmatcs and thus requires area- reduchon faclor for converlmg

: to basin PMP. ' The methodology is documcnlcd in the report of World

Mcleorologlca] Organization (WMO) (rcf 8) and thc prcscmcd proccdurc in the -

_ rcport 1s based on the goneral frcquency equallon

.Xm

,u+Ko

' .'_thrc X is the max;mum ramfall Mo ‘and o, are respeclwely thc mean and '_
' ir's{andard dewatlon of a series of n annual maxnmal 24-hours rainfall; K, is a

. conunon s{atlsllcal variable, whlch vanes with different frequcncy dlstnbutlons

i ltmg extremc-values and represcnt the physxcal charactensucs of the locauon

3 _Extrcmc ramfal] arnounls ol' rare magmlude or occurrencc (outlmcrs), about 500 -

years or more are oftcn found lo have occurrcd at samc time durlng a much .
‘ shorler penod aboul 30 ycars or less Thcsc oulhncrs have srgmflcant effect on

B the mean and slandard dcvnahon of lhe annual series. T herefore, series of

«@r



adjusmicnt_s will be applicd to the records mean and standard deviation as well
as estimated PMP using standard charts (Figures 4.1 to 4.4 —ref. 8):

Following the procc'durc presented in WMO Repor, estimations of PMP were
carried out for four rainfall gauging stations located in Munda Dam basm
These stations were Kalam, Charbagh, Amandara and Abazai, These stations
were sclected as they divide the total catchment arca, almost equally, and do |
have long time daily records (aboul 32 years) from 1961 to 1997. In order to
pcrform PMP calculations, maxtmum annual 24 hours ramfa]ls for the period
1961 — 1997 were exlraclcd for each station and resulls are shown in Table C5.1.
- Thc steps used to eslimate PMP for cach station arc as fo]low (case of Charbagh -
slallon) '

- Mcan Calculations and Adjustmcnts
 pe 32 -
TR ) 88 mm
~ C2= Mean g, and record lcnglh n adjuslmcm =1.01 (Flgure Cs. 2)
., = 66. 90 mm '
_ ,,,,,I,u =0.96 - o
‘ ' CI= Relative mcan 1, Mlp adjustmcnt 0.99 (Figure C5.2)
'Final Mean Va]uc 69 88 x 1.01 x 0.99 =69.87 mm
. . Slandard Dcwallon C'llc,ulallons and Adjuslmems '
. n=32
-"a 3192mm . : o o
4= Standard devnalnon g, and record lcnglh n adjuslment = 1.02
(Flgurc C5.2) RIS
n= 27 56 mm
o, mlo 0.86 - . G
C3= rc]ahvc slandard dcv1auon c, ,,,Ia adjuslmem 0 91-
(Flgurc Cs.3) - : o . :
7 - Final Standard Dcvnallon Valuc =31. 92 x 1. 02 X O 91 '-29 63 mm
- PMP Calculatlons ancl Adjuslmcnls L
' L K,, = 16 correspondmg 10 69. 88 mm mean ramfall (Figufe C5.3)

_Thc I' nal pomt probabIc maxlmum prccnpltatlon value of 24 hours ‘can bc "
2 cshmatcd as:  PMP= 69 87 + 16x29 63 = 543 9mm S '

_ The same stcps were applled lo lhc olhcr lhrcc stat;ons and lhe rcsulls are
'summan/ed bclow e : 4 _

8



Statistical Paramelers for PMP estimates

Variable Abazai Amandara Charbagh - Kalam
n 30 32 32 32 L
H, - 59.55 63.22 69.88 61.75
o 22.78 21.52 31.92 25719
e 5740 6141 6690 | se21 |
e - 19.84 - 25.98 - 21.56 2203
Hod e 0.96 : 0.97 - 0.96 : 0.96
oo | 087 - 0.94 0.86 035
“Ccl 099 | - 099 0.99 0.99
cL 02 1.01 : 101 1.01 1.01 -
3 0.95 14 | 091 091 |
c4 1.03 102 | 102 102
Km - - 17 16 16 1 17
"PMP 43847 530.34 543.92 ' 468.71
*: Where _ _ _ _
E N CI Relatir.ro meanp,‘ ,,,/y,,'adjusimeul o R (Frgurc C5.2)
N C2— Mean ,u,, “and record lenglh n adjustmenl '_ SRR (Figure C5.2)
" (3= Relative slaudard devrahon g, ,,/a ad_;uslmenl T (Figure C5.3)
- C4= Standard dovrauon o, and rccord leuglh n adjuslment - - (Figure C5.2)

-Km= Slahstlcal Vanablc bascd on annual mean |- - .+ . (Figure C5.3)

o Accordmg lo thc csumated PMP for cach slalron the calculated value for
Charbagh statron was the hrghest valuc among the oiher stauons lhereforc the
PMP for calculatlon w1]l be consrdcred as 544 mm. The fi nal step is to apply
| 'lhe area rcduclron factor to convcrt P‘VIP from pomt ramlall to avcragc basin
| PMP The area reductlon factor will be estimated as wrll bc dlscussed later '

s (2) Meleorologrca] Approach

' . Thc meleorologrcal approach rellcs on the lhcorelrcal mtcrrclauon of
convergence vertrcal motlon and condensauon of lhc air mass in the '\tmospherc
' Brreﬂy summarrzed lhe assumptron is that PMP can be compulcd from optrmu m

. storm maxrmlzalron by morsture maximization factor and storm transportation of
o wmd coverage Morslure maximwatlon factor dcpends on thc specific

- _ humrdlly that mamlams prcmprlable water in ratro to the storm holdmg humidity -
| ) 'capacrty “For esumahon of PMP the most scvcrc mechamsm by which

:morslure is converlcd from watcr vapor mto rain or snow is consrdercd with the
" maximum morslure contenl in the air. As the precrprtatron efllcrcncy of storms
"'”cannol be Umated dlrectly, a series of major historic *storms should be

e - 'exammed to mdlcale the extrcme hlstorrcal storm’ cv»nl Once lhc largcst storm



.can be identified, maximization based on moisture content represented by dew
point iemperature effect can be applied.

a)  Review of historical storm in the basin -

The rainfall and storm records were reviewed from the available previous studies
~ to indicate the targest storm over ‘the Swat River basin. The prmcrpal storms
1clent1ﬁed in the revicw process are as listed be]ow ‘

o " Principal Mistorical Storms -
27-29 July 1882 | 8-10 August 1940 | 15-17 July 1958

2527 August 1910~ 9-11July1942 ° © ] 35 Tuly 1959
23-28 July 1924 19-23 August 1948 31 July -- 3 August 1976
26-29 August 1929 . 1 3 Aupust 1950 2-7 August 1987

Souree Refcrenee 3) Appendlx B2 °

- From the storms llsted above, it is cvrdent that all the erltrcal storms occurred
: dunng July “and August prmcrpally due to monsoons in the summer SCAson.
: Inspectron of these storms from the avarlable reports revmled that the storms of
~ August 26 — 29, 1929 and July 31 - August 3, 1976 were outstandmg extreme
storms compared to the other recordcd storm events

. To illustrate this fact, the Pakrstan Meteorologlcal Department (PMD) in 1966
~_had prepared probable maximum precipitation study (rcf 1) over the Swat River

| basin in connectlon with the proposcd Munda Dam project at that time. In their

'_'study, a detarled analys1s of 300 storms in whreh about 37 storms were selectcd

for prehmrnary analysrs and fi nal]y 10 storms were found srgmﬁcantly lmportant
: The study 1nd1cated that the maxrmum dcpths of the storm of August 26 - 29,
1929 were the htghest among other observed storms '

: Also, accordlng to the Kalabagh Consultant Study (KCS) in connectron of the
Kalabagh Dam Pro;cel (ref 5), daily ramfalls were collcctcd for the dates in the

- _lrsted storms abovc Storm total ramfalls were plotted on maps and analysrs_ L
‘conﬁrmed that thc ﬂoods ofAugust 26 - 29 1929 and July 31 - August 3,1976 - .
~© were the hrghest among the other storms Moreover the study mdrcated that the

._"storm of 1929 produced hrgher ﬂoods than the storm of 1976 m the Indus at - .

i Ka]abagh (the study arca of Kalabagh Dam Pl'OjeCl) Also, as 1ndrcated in the

_ Kalabagh study, the 1929 storm has the largest 3- day storm of record in the 8
B northern regron (whlch mcludes the Swat Rwer basm) and the 1976 storm was
' : "greater in the southem parl (paragraph E. 3, 10 pp E 12) '

_-' Bascd on these revrews the storm of August 26 29 1929 is clearly a eandrdate
_ for the asscssment of the PMP V'tlue in the Swat Rrver basm T




- Isohyetal of the August 26 — 29, 1929

The isohyetal map for the storm of 1929 was available from both of the
studies mentioned above of PMD (ref. 1) and KCS (ref. 5). However,
signiﬁ'cam dilferences caﬁ_be noticed between both of the maps as shown in

Figufe C5.4 (ref. 1) and Figure C5.5 (rcf. 5). For the sake of comparison,

the Study Team redrew the map developed by the PMD study (Figure C5.4)

bascd on the original map without changing ils original storm patlcms. The

major diflcrence can be noticed in the Panjkora River basin, in which the

PMD study indicated more rainfall amounts than KCS. Due to fhc significant
importance of the storm dls{rlbutlon in the sludy, a detailed review of each

sludy was conducled and thc following prmcnples in prowdmg the map were

identificd: ,

- In PMD study, prec1p1lauon data at 52 rainfall statlons were obt‘uncd from’

the WAPDA published reports for iHe pcrlod 1931 - 1946 and rainfall dala_

form Tarbcla sludles (in assomatmn with Tarbela Dam) was also utilized.

- Usmg lhese data and doublc mass curve lcchmque, scasonal map (Junc -

- October) was prepared and adjusted for topograph:cal features of the Swat
River basin. In preparahon of 1929 storm isohyetal map, storm totals of the

_ _known slallons 1sopcrccnial analy51s of the pattern “for 1929 storm,
@ : L | ' _elcvahon-precnpllatlon-barrler curve and scasonal pre01p1tal10n dlslnbuuons ;
. were used to develop the storm lsohyet patlem
. _In KCS sludy, an eilort fo updale the storm map of 1929 for ihc Kalabagh .
© 7 Dam basin was conducted in assomahon with PMP cstimates T he mmal '
. effort was lackmg thc mterest rcgardmg lhc Swat River basm in whlch more .
*'work was given to the reglon downslrcam Attock. A great deal of

| _ailentlon was gwen to this feature in lhe later slages of their sludy and the

~ isohyeis for the ungauged pomon of the Swat basin were adjusted. Major

: guldclmcs for lhe adjustment were 1o oblain slorm dlSll‘lbullOﬂ that fit with:

R ) lotal slorm rainfall over 13,000 mile? above Altock 2) storm runoft from

o this area as esilmaled ﬁ'om the hydrograph of lhe Indus at Auock and 3)
rallonal ramfa]l loss assumpllons (p'lragraph E. 2 4 Pp- E 6)

- "'Although 1l secms that durmg the 1929 s{orm the upper Swat was almost ,

) lacking m ram gaugcs the pracllce prowdcd by PMD for the storm paitern E

e esllmalcs seems ‘to be more reliable. The direct reason is the great efforis that -

S wcrc conlnbuted to thc physxca] charactcnstlcs of the ramfall over the Swat -

ST '_Rwer basm and its subbasms On the oihcr hand cfforts of KCS may be
O o ST = appropnale for storm csl;mauon from lhc Swal chr basm as a wholc but were
: lacklng local charac{ensllcs of !he Swal chr subbasms especnally for Panjkora

| :ﬁ'CZi_j_ :



where isohyet lines were inadequate. Also, adjusting the rainfall patterns based
on observed flood hydrograph at Attock can not be reliable with the fact that
many principal features of the storm over the Swat River were not considered.

 From the above discussion, it was decided o 'adopt. ihe ischyctal map provided
by PMD study for the 1929 storm shown in Figure CS.4 for the PMF estimates.

b) Storm Moisture Maxlmwallon Faclor

Mmslure maxlmlmtlon of storms in p!ace i.€.. wﬂhoui change in locatxon
-.conmsls mmply of multlplymg the obscrvcd storm ralnf'lll amounts (storm of
1929) by lhe_ ratio (R,)) of the maximum prec:pltable_ water (W,) indicated from
' the storm location to the precipitabte water (W,) estimated for the storm (ref.8),

. or

R,_wlw

In order (o compute storm moxsture maxlmlzauon factor (R,,,) 12—hour 1 OOO-mb ,

'slorm dew lempcrature and max;mum 1,000-mb dew point lemperature 'should
~ be available from mcleorologlcal slaltons F hese data were obtamcd from the
KCS rcporl (ref 5) as follows : '

Dew polnl station constants, 1929 slorm - '

Elevation -~ | Max. 12-hr persisting dew point on Augusl 31 ("C)

Station @ | . 1000-mb - ~ station

Gigt' | 1454 | 256 | 202
Khushab | . 188 w3 T e
Lahore Lo 214 Sl 283 ot} 215
Peshawar' w0360 2718 - 26.5
Rawalpindi 315 283 o 204
Sialkot . 253 .. 283 - 274
Srinagar - o 269 ST 205 .
Average’ - : 907 e 287 - 2335 :

" Source: ref S, pp. B4t

" In view of stallon locatlon and 1pprox1male elevallon of (he Swa{ aner basm o
(1 000- m) dew pomls data from Gilgit and Peshawar meleorologlcal slahons =
) were con51dercd Their correspondlng average values are listed in the table. The *
represen{atlve persmtmg 12- hour 1,000-mb of 1929 storm dcw pomt 1s 23.35 °C

- and the maximum is 26. 7 °C and the rain area is at 907 m above the mean sea'
level (always assumed to be at 1,000- mb ref. 8) Wllh no mverlmg topographlc )
barrler beiween the rain ‘area and the - moisture sources ~the mmslurer"_'.

: ' max1m1zauon ralio (R,,,) is compulcd from pre01p1lable water vaiucs oblamcd
" from Table Cs.2 (rcf 8) as 92 6 and 69.1 mm for W and W respecuvcly '

SoC22 '




Elcvation adjustment values can be obtained from Table C5.3 (ref. 8) as 20.88
and 17.10 mm for W, and W, respectively. Thus for W, = 92.60 - 20.88 =
71.17 mm; W, = 69.10 - 17.10 = 52.00 mm; and R,, = 71.17 /52.00 = 1.38.

It should be notcd that the estimated mmsturc maxunl?"ttlon ratio (R,) is
identical to the vall_lc cstimated by the PMD study (ref. 1, Table-1I). However,

 dew points data from four r_nc!eorologlca] stations of Peshawar, Khushab,

Multém and Lahore were applied with no consideration for elevation adjustnient
Thercfore, the cquwalenl estimated values W, and W, were 88.646 and 64.008
mm respcctlvcly and R,, was 1. 38. With this result, the estimated PMP values by
PMD were consxdcrcd in the present Sludy as it reveals the same moisture

| maxlmlzalwn factor and prmcnple of storm ischyetal distributions.

L ) Deplh Area Durauon for PMP _

- In the PMD sludy, spatia} and temporal storm analysns was carned out 1n ordcr to
" estimate the Depth Arca Duration (DAD) curves for probablc max1mum
' prccnpnallon including the mmslure maximization factor of 1.38 and 1929 storm
: 1sohyelal distributions. The methodology was obtained by applymg the

standard proccdures of US Weather Burcau “ Manual for Depth- Arca Duration

o AnalySJS of Slorm Precnpltatlon and rcsults are ]lSlCd below:

Dcplh-Area Duralmn Dala l‘or Probable Maxlmum Preupltalion (mm)

Area, k_m’ : " Duration in Rainfall in Hours .
1 6 ] 12 | 18 | 24 30 | 36 | 4 | 48

26 - |.304 | 462 | 483 | 487 | S04 | 578 | 588 | 606
129 283 | 430 | 447 | 453 | 470 | s42 | 550 | 567
259 . | 270 | 411 | 427 | 435 | 453 | 523 | S33 | 552
1,205 | 224 | 327 | 348 | 371 | 391 | 459 | 489 | 5l
2,590 C|-204 | 291 | 315 | 342 | 358 | 423 | 458 | 482
580 - [ 177 | 254 | 280 | 301 | 318 | 371 | 402 | 418
7770 . | 1s0 | 217 | 239 | 255 | 270 | 318 | 340 |- 358
10360 ~ | 125 | 180 | 199 | 215 | 227 | 264 | 283 | 293
12,950 | 106 | 150 | 168 | 182 | 191 | 223 | 239 | 251

. Souree: Ref. lTablelll pp. 13

* From the DAD lablc the 24 hour PMP at Munda Dam snc can be esumaled by
* linear extrapolallon of the lable valuc between areas of 10,360 and 12,950 km®
L Tup o thc catchmcnl arca of 13 650 km at Munda Dam site. T hc estlmated _

- _value can be calculated as: -

PMP = 215+[(13650 10360)x(182 215)/(12950 10360)] ~173.08 mm

chcc thc final PMP for the PMP calculahon can bc consndercd 174 mm



In order to compare this value with the statistically estimated point PMP value of

544 mm (section 3.3.5 (2) ii-a), an area reduction factor sho'ul(_i be cstimated to

"convert point PMP to its equivalent basin PMP. The arca reduction factor can be

alcuiatcd from the above fable by cxlrapolauon of the 24 hour storm values for
25 km?® (basc for no- rcducllon) and for the total calchmcni area up to Munda

~ Dam site (13,650 km) as 530 and 173 mm respeelively. - Thereforc the arca

. reduction factor can be cshmatcd as 0.326. With this valuc, the cshmatcd basin

cs.2.3

PMP can be calcuhted as. 544 X 0326 177 34 mm which shows that the

N estimated PMP value of 174 -mm for the Pro_;ccl is rclcvam and acccptab]c

Esumatlon of Short-Durallon Storm Ramfall - '

In order to cstlmatc ﬂood hydrograph a shorl duratron of 6- hour ralnfall or less

should be cstimated. letcrcni arcal rainfall p'\tterns and storm profiles could

produce the average 72 hour dcs;gn storm rainfalls, but for a short- durauon

 paltern 1nformauon and rcvncw of storm characteristics should be investigated.

lnformallon on 6- hour storm rncrcments were avallablc moslly for the recent

storms but with less reliability than those for older ones. Afier delallcd review of

' the available materials, the valucs from DAD table deve]opcd by PMD study "

- were found more rchablc and applicable. Con51der1ng the case of 5,180 km

. (avcragc area of major subbasms), the shorl duration for the storm dlslnbuuon

o "valucs for 24- hour and 72 hour cascs can bc summanzed as bclow
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_6ohour Storm Dislri_bullons cases of M-hour_and 72-hour sto_r_ms'

Hours | 6 | 12| 18 | 24 | 30 | 36 | 42 | 48 | 72
24-Hours - | 058 | 084 | 093 100 ) 0 | 0O -0 0| o0
~T2-Hours | 042 | 061 | 067 {072] 076 ] 089 [ 096 | 1.00 | 1.13°

s Valuc csti_maled from the Mass Rainfa}l Curves o_f 1929 Sform; ref. 1 Exhibit VIl -

Slorm Dlslrlbuuon Among thc Subbasms

.~ The calcu]atlon of thc composrtc ﬂood hydrograph is more dependent on how .

the basin total storin can be dlslrrbulcd among the dlffcrent subbasrns Usmg

: the lsohyetal map ol 72- hour 1929 storm (F}gurc Cs. 4), thc basm as wcll as

_ 'subbasms ramfalls were estimated by calculalmg thc area Aj bclwecn each pair

of 1sohycts within thc basin (or subbasms) boundary and mulllplymg by the -

. average rainfall dcpths Pj of the two boundary lsohycts Thc ﬁnal arcal

ramfall P can bc calculated from thc followmg equahon o

P= I/A ():A xP)




Detailed calculations are shown in ‘Table C5.4 and summary results of
calculating rainfall for cach subbasin arc shown below:

* Summary of Rainfall Calculation Based on 3-Days 1929 Storm

Catchment 3-day " : 1-day? »
Subbasin " Area | 1929 Storm, |  Raloto PMP 3-day
k! Dasin Storm PMP
1] nin min .
B1 5,176 161.5 0.93 161.8 2265 .
B2 57124 - 181.8 1.05 182.7 2558
B3 1,347 115.1 0.66 1148 | 1607
B4 . 803 270.8 1.56 S 27114 380.0
Total Basin 13,650 L1732 1.00 174.0 243.6

-~ 1) Values calculated from the 3-days 1929 storm isohyctal map (Figure Csd)
© 2) Values adopled based on estimaled basin 24-houts PMP value of 174 mm
3) Values adoptcd based o1 maxsmlzahou of 24- hours PMP by 1.4

Thc 72 hour PMP can be esumaled by maxlmlzmg the 24- hour PMP value by
14. ‘This value can be calculated from the DAD t'lble in casc of 5, 180 km?as
follows‘ :

Maxrmlzallon Ratio = 48 hours rain (418) / 24 hours ram (301) 1 4

The valuc for 72—hour PMP cm be esllmaied as 243.6 mm. Thc csumalcd value
of PMP for 24 hours and 72 hours can be distributed among the subbasms based
" an the relative rainfall distributions as shown i in the above table. '

CS 2 5 Esumalron of Storm Losscs |

Sludrcs of da]ly ramfall values carrred out by KCS (ref 5) suggcsled that the
- storm rainfall during the Augusl 192,9 cvent was pamcularly concentraled in thc'
24 hours to 8: 00 am on August 28. " As indicated in the KCS sludy, lhc 72- hour_ ‘
- losses above Attock (including the Swat River basm) were about 84 mm. T his
value was mdrcated as relatively low and was adopted for the Kalabagh Dam
proy:ct to mcrease the volume of runoff downslream Attock. On the other hand,
-~ the slorm losses estimated in Tarbela des1gn flood studics wcre shghlly greater _
(105 mm) It is evident from both sludlcs that anlcccdenl ramfall was not
scvcrc and substfinhal initial losses and the slorm losses wcrc prolonged ra{her
lhan in bursts In the prcscnl Sludy, ramfa]l losscs were. esilmaled from
' ?'_:_ avallablc flood record and corrcspondmg storm va]ue and dlstnbuuon usmg' _
| means of optrmrzalron lechmquc In v1ew ‘of the dam avarlabrhly, the flood of
July 25 1995 was consrdered to prowde thc ncccssary data for the ramfall loss
7 esumales
. station and hourly slorm drsmbulrons were. avarlable al Kalam ‘and Mardan

: ramfall gaugmg slatlons Thc opllmlmlron proccsses were camed out with the -

" The hourly ﬂood rccords were. available at Chakdara watcr level -
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HEC-1 model (ref. 11) in which initial and uniform loss rate values were
calculated after several optimization trials. The initial loss and the constant loss

' rate were best optimized as 5.5 mm and 4.5 mm/hour, respectively.

Estimation of Maximum Sno\mc]t Raies and Base Flow

Although snowmell has significant impa_cls on flood hydrograph especially
during monsoon season, snow data and information within the Swat River basin

are not available. In the ~upper Swat region, the snow starts to melt from the
} mlddlc of April and reaches its maxlmum during Junc, July, and early of Augusl.

- 'This region in general does not receive significant monsoons. Therefore, the

recorded runoff at Kalam can be considered entu‘ely compnsed of snowmclt'

~ where almost 50 % of the averagc ‘annual runoﬂ occurs during June and July. In
- the middle and southern region, recorded ﬂov_.rs durmg June and July are mainly
~ due to monsoon rainstorms with a porlion accumulated from snow melt of the

upper region. ~ Dueto lhe lack of snow dala it is difficult to identily accuralcly'

~ the portion of the snowmclt that may contnbutc to Ihc chIgn flood at the

| proposed Munda Dam site.

'In lhc prcsent Study, snowmclt c[fect is consndcred as lhc base ﬂow for the :

calculation of PMF and 1ls ﬂood roulmg among the dlfterenl basms After review

lrof the available mclhodologles and appropnale techmqucs u was decided to

adopt the average of eshmaled Iong term ﬂow records (1956 — 1997) al Munda

~ Dam site (Table C4.5) for July as base flow and snow cffec when performmg '

'P\AF estimates. . This value can be cons:dercd as 650 m’/scc and will be - 7
distributed belween Uppcr Swat and Panjkora river subbasins (B1 and B2) as o

400 and 250 m¥sec. The value adopted for Upper Swat River basin was based

B on the long term flow records (1956 - 1997) at Chakdara station (450 m’/sec)
~ after subtracting the dlvcrsmn watcr for Uppcr Swat Lanai and iocal users (50
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' storm evenls The Swat chr basm up to Munda Dam site was dlwded mto

3/sec)

Conslrucuon of Unit Hydrograph

. To csumatc the probable maxlmum ﬂood passmg lhc Munda Dam sne lhe unit
- hydrograph at cach subbasm should be construcicd based on rccordcd floods and_

-~ three subbasms of Upper Swat Panjkora and Ambahar and one rchon

" conlrlbules 1nﬂow direcily lo lhe nvcr (Lowcr Swal) T hc boundarlcs of lhcse N
' chvnsnons arc shown in Flgure C4 Lo ‘

o6




" The unit hydrograph for Upper Swat was conslructed using data of five flood
~ hydrographs obscrved at Chakdara station for the years 1985, 1986, 1988, 1991
- and 1995. - The hourly hydrograph distributions of the five floods for 48 hours

are listed in Table C5.5 and shown in Figure C5.6.  As shown in the fi gure and

. listed table, all five floods occurred in July basically due to monsoons of the

summer scason. The flood of 1995 is the most significant as it has the

maximum Value (2 772 m’/sec) and the shortest time to peak (6 hours) compared

1o the other flood cvents.  The flood of 1991 had the largcst base flow of 1,366

m?/sec and undef ned sudden drop afler 24 hours from 1,156 m’/sec lo 829

m3/sec

Storm data durmg the five floods were obtamed from the avallable ramfa]l

- records Equwalcnt 24- hour ralnfalls were esumated from the rainfall records at

cight rainfall stations while their hourly distributions were assumed based on the
hourly rainfall records from Kalam and Madran rainfall stations. .

~The unit hydrographs of 1985 and 1986 were adopted following the cstimated
values by the Pre Feasibility Study (ref. 4) T he unit hydrographs of 1988, 1991
and 1995 were caleulated using HEC+1 modcl (el 11). Usmg data of lhe 1995
. ﬂood unknown parameters of umt hydrograph and rainfall loss were esllmalcd :
' usmg lhe opumrzatxon capabﬂnues of HEC-1. The umt hydrograph paramelers i
were opumwed based on Clark umt hydrograph method. - The ramfali loss -
: 'paramclers were opttmwed based on uniform loss rate method. “The
' _ optimization results of the unit h)drograph ume of concenlrallon (Tc) and
‘storage cacfficient (R) were besl estlmaled as 3.0 and 8.0 hours, respecllvely (ref.
- 19). Thc mmal foss and the constant loss rale were best optimized as 3.5 mm and
4.5 mm/hour respecllvcly I should be noted that the base flow was considered
k to be on recession equ'mon of stariing | base flow (833 m /sec) w1th ratio to the
- | peak (0 48) and recession power coeflicient (1.0). T he estimated flood flow
. compared to the observed one is presemed in Figure C5. 7 for the 1995 flood.

s Havmg obtamed the ramfall loss parameters for lhe Upper Swat subbasm based

on charactensnes of the 1995 flood, HEC-1 modcl was app]led to estimate the

. unit hydrograph paramclers for 1991 and 1988 flaod events. Aﬂer sevcral _

: optlmlzalion irials, the unit hydrographs for each ﬂood event were determined

. and results of hourly ordmates are tabulated in Table C5.6.. The hourly

dlstnbulmns of each of ihe esllmatcd unit hydrograph are prescnted in Flgurc"
- Gs8 The esllmated umt hydrograph results show that the unit hydrographs of
1991 and 1995 are qmle snmllar On 1he other hand, the unit hydrographs of

e ,1985 1986 and 1988 are also similar i in their shape Therefore in the presenl :

o Sludy, two sels of average umt hydrographs were adopted and applied to -

e



estimate the design flood. The hourly Ordinélcs of these two scis of_ unit
- hydrographs are listed in Table C5.7 and presented in Figure C5.9.

In view of the limited storm and ﬂood_data at Panjkora and Ambahar subbasins,
" the unit hydrograph of Panjkora subbasin was cbnsidcrcd identical to the
cstimated unit hydrograph of Upper Swat assuming both subbasins are
" physically the same (ref. 4). For Ambahar subbasin, a synthctlc unit
hydrograph was derived using lhc US Soil Conservation Service method (ref. 12
~and 13). " The HEC-1 mode] was appllcd using data mput of lag paramcter L to
| compule peak flow and time to peak. The lag parameter L is estimated from the

time of concentration (1) with the equatlon L = 06 It The time of

concenirallon rcprescnls the amount of time rcqu]red for water to flow from the
most upstream point in the walershed to the watershed outlet. In cfforls to
eslimate the hmc of concentration (Tc) the fo]lowmg six cmpmcal formulas

- were used:
o Etﬁpirical_Formulas for Time ofCGﬁcén!ralio'n Eslimrétes_r 7 :
Melhod - | - Formula | Te({minutesy © | - Paramelers
T [AIKI® P and | 4cen .. | L=30,000m
fzzard - K=@©0007i+Crys® | 3% ls.o01
| Ketby — S | CLNSAET 4705 Ji=22mmfr -
Kirpich - 00078 (L4TSM¥y -} 3212 Cr=0.008
| Kinematic ~ ° | 0.93 (L>*%i*'S™) - . 406.2 C=08
Bransby Williams - |21.3 1/5280 (1/A™ 8% 5336 . ; fi gg;ki
FAA - l‘edralAwatmn 037 §03° e - n?
Agency . L8(1.1 - LY § 338.8 oo

Averap Time of Concentrat:on L e 405 -

o From the above formulas, an avcragc time of conccnlrauon was csllmated as 405

- minutes (6 75 hours). chcc lag parametcr L was calculaied as 4,05 hours.

Having obtamcd lag parametcr L, thc time to peak and pcak dlscharge can bc 3

~ caleulated as:

Tp=dif2 + L "a’_n' Qp 484AlTp

~ Where dt is lhc umc ln{erval in hours andA 1s the subbasm catchment area in
' squarc-mllcs Thc f" nal csllmatcs of thc time to pcak and peak dischargc were '
4,55 hours and 61 67 m"/scc/l -mm ralnfall - The ordinates of the umt

hydrograph are determined th:ough mtcrpolauon of lhc dlmensmniess uml

~hydrograph curve  (ref. 12) at hour]y pomts Thc f nal cstlmatcd unit

o hydrograph ordmatcs are shown in Flgure CS 10
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C5.2.8 Compmatlon of Composne PMF

The prmcrpai proccdurcs used to cstimate the composrlc PMF at Munda Dam

site include:

Calculation of PMF hydrographs at cach Subb’lsms utilizing calculated PMP
and slorm characteristics, loss rate, base flow and unit hydrograph data. The

" storm characlcrlslrcs of short-duration storm rainfall and storm distribution

among the subbasins were based on the 1929 storm data,
Flood routing in strcam reaches between confluence points (junctions) to the

. proposcd dam site. Based on the subbasins distribution, flood rouling were

carried out for three stream reaches in the Swat River. “These reaches were

~ considered from Uppcr'_Swat to Panjkora as reach 1, from Panjkora to
Ambahar as reach 2 and from Ambahar (o the Munda dam site as reach 3.

- The HEC—l modet was uscd to carry ouf these procedurcs ihrough conslruclron
_of a slream nelwork representing thc watershed up to the propased dam at
Munda. The storm-flood characteristics wtilized for the stream network were _
'explorcd in thc abovc sub-secllons and can be summarized as follow:

: Basc flows in each subbasin were assumed to be in constant rates of 400

m’/sec and 250 m’/sec for Upper Swat and Panjkora subbasms respectwcly

 (section C5.2.6)) - T e
_ The loss rate of ramfall was consrdcrcd to bc on 1mllal of 5. 5 mm and hourly

- umfo_rm loss rates of 4.5 mm_lhour for_ Ihc_lhroe subbasins (section CS 2.5).

Incremental hourly dislribulion_s were oarried cut by HEC-1 model bascd on

the pri-ncipa] “All rainfall is lost until the vo]_umc of initial loss is satisfied. '

After thc ir_lil_ial loss is aohicved, rainfall is lost a_l a coristahl ralc'_’ (ref. 11 pp.

17)

The PMP 6- hour dlsmbuuons for 24 hour and 72 hour ﬂood cshmalcs were '
' calcu]aled from tha Dcpth-Arca—Durallon va}ucs of the 1929 storm (sectlons '

C5.2. 3) Incrementa] hourly dlslrrbuuon was carried out by HEC-1 model

based on Soulhwestern Dwrsron Criteria for PMP (ref. 11 Table 3.1, pp. 11)
Thc PMP dlslrrbulion among the ‘subbasins was consrdcred similar 1o the

_ L rdlslrlbullon of the 1929 s{orm Based on the 1929 storm lsohyctal map, PMP
dislnbuuon rauos were esumated as 0.93, 1.05 and 0. 66 for Upper Swat,

o Panjkora and Ambahar subbasms rcspecnvcly (section C5.2.4) .

- -Flood routing was camed oul bascd on the Muskmgum roulmg proccdurc
- 'wrth equal numbcr of sub- rcaches bclween juncllons and 0.5 Muskmgum B

rcoefﬁcrem "The K coc[frcrcnls of each subbasm were assumed fo be as 1.0

. : .hour (rcach 1) 2 0 hour (reach 2) and 2 0 hours (rcach 3)



In the present Study, PMF values were calculated for 24-hour and 72-hour fime
span and {wo scts of average unit hydrographs of 1991 and 1995 and 1985, 1986
and 1988. The combination of these sets leads to four case resull sets to be
cxamined in csumauon of PME These cases are as follows:

- Case 1: using averagc unit hydrograph of 1991 and 1995 with 24-PMP

- Casc 2 Iusmg average umt hydrograph of 1985, 1986 and 1988 with 24-
PMP _

- Case3: using avcragc unit hydrogmph of 1991 'md 1995 with 72 PMP

- Casc 4 using average unit hydrograph of 1985, 1986 and 1988 with 72-
PMP :

'I‘ablc below summanzcs the PMF esllmates at Munda Dam site for each case;

Eslimatcd Probable Ma)dmum F]ood Values

Case Probable Maximum Flood (P\iF), m’/sec
: Peak . Tlme to Peak
1 - oo DA 10 [ . i '
2 T 16
3 : 15,990 oo 13
4 - 16710 I ' - 18

Ordmate of thc compulcd PMF at Munda Dam snc for the abovc four cascs are
iabulalcd in Table C5. 8 and 1llus!r'1lcd in Flgurc Cs. 11 ‘ ‘

From the cstlmatcd values of PMF it is evxdcm th'\t 24 hour PMP cases (Case 1

" and Casc 2) are more critical o the purposcs of the dam design than the 72-hour '
cascs and Casc 2 has the hlghcst peak Therefore, Case 2 will be con51dered as
PMI‘ valuc uscd for lhc dcsngn of the dam and splllway E ' '

Figure CS 12 1]Iuslralcs spccﬁ" ¢ demgn floods for dam and hydropowcr pro;ects '

~in Paklslan as well as Munda Dam. The estimated Munda PMF peak of o
19,390 m’/s (1 42m/s/km’) falls m the rcasonable range in lhls Flgure R

- _ Thercforc lhc Munda PMF of 19, 390 m3/s is cons:dercd acceptable

cs3

: Esllmates for Pmbable Flood Brequencnes

The purpose of the probab]e ﬂood frcquency sludy is to obtam arange of ﬂoods :

“of various magmludcs ancl probabilities -of cxceedencc for different return _'
pcrlods for the “purpose of design of slructurcs olher than dams * Flood SR
frequency. analysns is usua]ly carried out: by utlllzlng the annual lnstanhneous o

* maximum flow records. In case such flow rccords are not avallable ﬂood |
' 'frcqucncy values are to be obtamed erased on ralnfall frcquency valucs_.
- converling the _rcsu}ls to cqunvalent ﬂood_ value_,s using fainfall-runoff

L0




relationship.  In view of flow records at Munda Headworks, erasing insufficient
it was decided to carry outl the flood frequency analysis based on rainfall

| frequency analysis. Rainfall frequency values for different return periods were

eshmated based on basin 24-hour maxrmum rainfall. The rainfall duration of

' _24 -hour was app]red for the flood estimates since the study of PMF revealed the
~maximum peak discharge for 24-hour PMP and recorded maximum 1929 storm

shows the prmcrpa] duration of 24-hour. In order to estimate basin 24-hour

' max1mum rainfall, rainfall records from four stations during the period 1961 -

1997 were sclectcd (Kalam, Charbagh Amandara and Abazai). The total basin

' 'catchment area up (o ihe Munda Dam site was divided bascd on Thiessen
- polygon as shown in Frgure Cs. 13. For cach year four trials were cxammed to

check the possrbic maximum basin resuil consrdcrmg cﬂecl of cach station 1o
producc maximum case. The F nal rcsulls of annual maximum 24- hour basin

o ramfail are shown in Tablc C5.9,

; Havmg lhc annual serics of basm maximum darly ramfall frequency analysrs
"usmg six drslrrbullons were exammed These drslrrbulrons were: Normal, Log-
Normal type I, Log -Normal iypell[ Pearson type III, Log-Pearson type I, and
s Gumbel Extremc type L Among the six dls{rrbulrons Pcarson type 1l
: drslrrbutron was selectcd as it produced the best ﬁucd results compared to the

recorded data W1th a correlallon coefflclenl of 0 9869. The frcquency curve '

- and eslrmated values for dr[ferent relum perrods are lrsted in Frgurc C5.14.

: Maxrmum ﬂood and flood hydrograph for each return period were calculatcd

usrng the HEC—I modcl by uhhzmg the basin characlcrrstrcs based on case 2 (i.c.
Unit hydrograph base flow, rainfall losses, rainfall hourly distribution, etc.).
I‘rgure Cs. 15 presems the hour]y flood hydrograph drslrrbulron for cach return
perrod The more perlrnent resulls are shown in Table CS .10 and summarucd

. as follows

Probablé Flood for Different Return Periods =
24 Hour Basin Maximum .| - - . Probable Flood,

Return Period, (ears) | Ralnfall (o) _(msec)
T T ¢ - 357 -.1050
T o T 463 - e R 2,050 .
T Y B 2,740 -
0T T T sea T340
L 25 .- R v -l L 3,630
S50 T 1 A . 4,370
100 o3y e o o 5,010
00 | e 9 - 5720
10000 o | e ] T 7,280
10,000 - | - 126 ' 10,050
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Cé.1

 flow rates wcre 851 and 1,478 m'/see rcspectlvely

Sedimcmzition -
Suspcndcd Load -

In thc pubhshed 1cports of Hydrology D1v1510n Irrigation Dcparlment the
suspcndcd sediment records at Munda HC'ldWOI'kS are available for 6 ycars '
within the pcrrod 1964 to 1973.
drscrcpancy in these data that raisc doubts ‘about the accuracy of the records

Howcvcr there are various cxamples of

espccrally durrng high flow perlod rccords An example lhat shows this

' drscrepancy can be notrced from the recorded sedlment on July 1, 1964

compared to the onc in July 13, 1964. erhm these two dates, the recorded -

.‘scduncnl concentralrons were 3,121, 524 and 28 527 ton/day whereas rccorded

This is a very hlgh range of
sediment inflow that is not reliable.  With this fact in mmd as well as the doublts |
of flow accuracy, the recorded suspcnded scdrmcnt al Munda Headworks cannot
be utilized in the preseur Study.  According to the avar!abllrty of the data it was
decrded that the most approprlatc method to estimate the sedlmenl inflow at the
Munda Dam site is to carry out the regronal analysis based on the available

scdlment records at the four gaugmg stations of Kalam, Chakdara Warsak and

o Nowshera

Durmg the ﬁeld mvestrgalron stages dally—suspcndcd sedrment rccords at Kalam

“and Chakdara were eollcctcd from SWHP of WAPDA for the perrod 1960 - _
1995 (ref. 14, pp. 31 - 40). B
: _'Chakdara and Nowshéra slatlons for the period 1961 ~ 1990, and lhat of Warsak -
“ station for the period 1961 — 1970 are avallable
. suspended sediment for these statlons are shown in 'lablc C6.1 (ref 14 pp 141 -

Also, annual sedlment load records at Kalam,

The ‘annual water yleld and

1) Based on fecords of 1956 — 1997

. 2) Based on records of 1961 ~ 1990

3) Based on records of 1961 -1970 . -

145) -

' Usmg lhese data sedrment conecnlratlon al the Munda Dam site was computed
by eslabllshlng relationship belween sediment and waler yle]ds - The annual
averagc values of each gaugmg stallon is glven below L

A\erageAnnual Sedrmenl and Water Ylelds . R
o Catchment Annual - | Water Yield | = Sediment [ Scdirment
Statlon rea Flow" QIA " Load” - Yield
B CA Q- Qs . QyA
: km® m/see ’r'ser:lkm1 - tonfday - | ton/dayflan’
Kalam 2,020 92 | oo4ss | 789 | . 03906 |
Chakdara 5,776 180 - | 00317 :- 3305 | 05722
Warsak ¥ 67,340 706 - | 00105 46,667 | - 0.6930
Nowshera 88,578 .- - 858 | 0.0097 - 100,767 - 1.1376




6.2

Avcrage annual sediment and water yields for the period 1961 — 1990 at the four

- stations are ploltcd and the rcgrcssmn analysis was carried out as shown in
Fjgurc Cé. 1

For the Munda Dam site with average annual inflow of 228.58 m’/sec and a
catchment arca of 13,650 km2 the scdlmcnl yicld of 0.85 ten/day/km’® can be

- csurnalcd bascd on the rcgressmn formuh (Y=-16.635 X + 1.1307) shown in the

Figure _C6.1 Where ¥ and X are the scdiment and waler yields m units of

~ ton/day/km? andnf’/secﬂ(m rcspeclwcly

" 'The equivalent average annual suspended sedinicnt value is then cstim'it'cd to be

311 ton/km®. The long-term average annual suspended sediment values for thc
period 1956 — 1996 are tabulated in Table C6. 2

Bed Load

Up to datc no bed load measurcmenls havc been pcrformcd in the Swai Rlver

' ~ basin thcrcforc the bcd load is to be esllmaled bascd on suspcnded load value.
N For prchmmary cstlmallon bed load c*m be estlmalcd from lhc foilowmg 1able

. Bed Load Pre!lminary Ratios to Suspcndcd Sedlmcnt Load |

Percent bed

- . | Concentration of | ‘Type of inaterial . : -
Case suspcnded load | forming channel of sus l:;zsr;gf crial load in terms of
S {(ppm) - - the stream _ pe R suspended load
1 <1000 - Sand : S]?I']LE:L:%}”d . 2510150
: S E Gravel, rock or i . o .
2 S <1000 consolidated clay Sma_";':gum of © 51012
: ' i "~ sand SRR
3 | 1000107500 " Sand . Stmilar to 5ed 101035
: “ Gravel, rock or
B j 1000 to 7500 consolidated clay 25 9% sand or lesi _ Sto12
s | . >700 | 0 Sad S‘“;L“t;f;:xd | 52
' S o Gravel, rock or - i
6 - > 7500 ¢ consolidated clay 25 % sand or less - 2108

Souxce rel. 15, pp 842 '

Since the avcragc scdlmcnl load is valued as 535 ppm (m cqmvalenl to 11, 630 o

© tons/day sediment and 228.56 m/sec flow), the esllmated rale of bed Ioad is

~ . about 5 1o 12 9 of the toal sediment load (case 2 in the abovc tablc) In the

B presenl Sludy, wnlh safcly consxdcratlon, the proporllon of bed. load was
= conscrvallvely assumed o be 20 % of the suspcnded sedlmcnl load. Therefore, -
- _the annual bcd load ylcld at thc Munda Dam site was csumaled lo be 62 ton/km?.

3



C6.3

Total Sediment Inflow

T he total sediment yield can be cshnnled as the sum of suspended load and the

bcd Joad. In this way, the annual total load can be estimated to be 373 ton/km’.

The gcologlcal condition of lhc basin was revxcwed in order to evaluate 1he
esnmatcd total scdlment inflow. The geological condmon of a calchment arca is

one of the mfluential factors on scdlmenhuon as well as other factors such as

prccnpuanon vegelation, river gradlenl and pitch of uphﬂ Gcologlcally the
catchment area of Munda Dam scems 1o havc diffcrent geologlcal conditions

' ‘compared with nelghbormg dams of Tarbela and Warsak. In the area of ’l‘arbcla

 dam, unconsolldatcd sand of terace deposns is widely dlslnbutcd on the
_rc]atlvely hlghcr porllons of the catchmenl area. Due to the erodible nature of
the sand, it scems that sedlmenlallon problem has arisen in the Tarbela reservoir.

* The upstre'nn area of Warsak Dam lies in rocky descrt comalmng a huge amount
' of loose sand and sedlmentauon problem has oceurrcd in the Warsak rescrvoir -

B duc to the erosion of ihe loose sand. - In conlrast wnlh the geologlcal condiuon

of the above two areas lhe calchment area of Munda Dam llcs in rock_y .

mounlams covered with fe\v erodible deposnts Although unconsohd'ned river

' ‘dcposns are distributed on a wide and gentle river plam in lhe mlddle reaches of
_: the Swal River between Chakdara and Mmgora the rlver plam looks reIatwely _
stable and looks hko a trap of croded matenals from lhe upslream mountalns'

wnhout mlensc crosmn ConSIdermg these geologlcal factors, the cshmated

B annual tolal ﬂcdlment of 373 (onfkm2 for lhe Munda Dam snlc is conSLdered to be

¢6.4

= 'Wher:e w,, W, W and W, are the dcnsmes (kglm) for mmal clay, sﬂt and o
‘sand respecuvely, and p,, p,,, and p, are the pcrcentages of lhe correspondmg

rellable

- Fresh bcdlment Dens:[y

. The 1nmal spccnfic welghl (ﬁ'esh) of sedlmenl densuy can be csllmalcd based on

~ the ratios of the clay, silt_and sand contcnts in the sediment load usmg the -
g followmg cquatlon (ref 16, eq. 1282 pp. 12, 38) :

W, -—pJVc+ Pt pW,

otal scdlment compos;llon Based on lhe mode of reservoxr operatlon the :

va]ues of W. , W, and W, can be csilmated as 416, 1120 1,550 kg/m

."respccllvely (rcf 16 pp 12.39). Accordmg to the collec{ed sed;ment data for = '.

the four stations, avcrage pcrceniages of clay, silt and sand in lhe sedlment load ’
were esumated as O 30, 0. 53 and 0. 17 as shown in ihe table below s

o
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Percentage of Clay, Silt and Sand in Scdinrent

Station ' Cilay Silt Sand
Kalam 3 o 45 24
Chakdara . : 39 ' 49 12
Warsak ' 28 | 60 12
Nowshera 1 24 57 19
Average - - - 30 53 17

. Source: Ref. 15

_Usmg the above men‘uoned formula and pcrccnlage of clay, silt and sand

contcnts in thc sediment load the initial sedlmcnl density was estnmlcd to be

. 982 kg/m",

Compacted Sedrmcnl Dcnsrty _

- Since the densrty of lhe dcposued scdlmcnt wrll increase cach ycar, the spccrﬁc
~'weight of sediment must be predicted in order to esllmatc the storage space in
- the reservorr which will be replaccd by sediment in a given pcrrod of time.

The averagc density of sediment accumulatron Wy after T ycars of rcservmr
pcral;on is glven by Mrllcr s formula (rcf 16, eq. 12.8.3, pp 12. 39) as follows

. thre W is mmal specrf‘ ic welghi and K, is a conslant it dcpends on mode of

WT=W +0.433 K, -j;—z——(ln T)—l

L]

~ the rcservmr operallon ln casc of Munda Dam, the scdlmcnt is con51dcrcd
always submergcd or nearly submcrged Thcrcforc the modc of the rcservonr _

operatron can be consuicrcd as lypc 1 (rcf 16, Table 12.8.1, pp 12.38)." For the

- prescnl case of the reservmr type, K, can be taken as 256, 91, and O (ref 16,

Table 12.8.2, pp 12 39) for cach of thc sediment lypc of clay, srll and sand

-' respcc{rvely Wlth an averagc of X, as 173 5 and estimated value of W, as 982

kg/m®, the avcragc dcnsrty of sedlmenl accumulatron WT aﬂcr 100 ye1rs (T) can
be calcu]ated as l 257 kg/m '

- C6.6 i Bed Load Dcnsrly

) --'."'._For bcd load accumulaled permanently submergcd specrﬁc weighl can be

_consrdered as 1 760 kg/m accordrng to rccommended range valucs (llsted below

case of poorly sorted sand and gravcl) by U S. - Soil Conscrvallon Semcc for

i Gencral Design Purposes

- (j35_ _
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- _ _values werc calculalcd based on Irap cﬁnmency and suspendcd and bed sedlment R

Ranges of Specific Weight Used in US Soll Conservation
Services for General Design Porposes '

_ . . Permanently Aerated
Grain Size ' o "~ submerged - '

: ' : kg/m’ kgt
Clay ' : Tl 640 - 960 960 - 1280
i - ' 880 - 1200 1200 - 1360
Clay-silt mixtures (equal parts) © 640 - 1040 1040 - 1360
Sand-silt mixtures {equal parts) 1200 - 1520 1520 -1760
| Clay-silt-sand mixtures (equal parts) 800 - 1280 1280 - 1600
| Sand . - 1360 - 1600 - 1360 - 1600
Gravel L 1360 - 2000 1360 - 2000
Poorly sorted sand and gravel ' 1520-2080 .| ~ 1520-2080

Source: ref. 17, Table 17-1-5, pp. 17-18

. 'I‘rap Efﬁc:cncy

Not a]l sedlmcnl passmg through thc dam section w1ll be dcposued in lhe
rcscrvmr because part of it will pass lhrough slmccs spillways, waterway, and

- olhcr diversion flow rcleases from lhc rescrvmr

-Thc most commonly used rchtlon for dclermmmg ‘sediment trappmg is lhe )
'»sedlmcnl trap cificiency curvc developed by Gunner Brune (ref. 16, Flgurc N
 12.8.2, pp. 12.38), where the lrap cfﬁcwncy is dcfincd as the ralxo between

sediment trappcd in lhc rescrvoir and the tolal scdlment cntcrmg the rcserv(nr' :

- Dcndy addcd more data to Brune’ s curve and devclopcd a prcdlctlon equatlon '
: _for the median curve as fo]lows (rff 18 pp F—2)

E 106 X 097019“”(“’

VWherc Eis lhe lrap eﬁ;cnency, Cis lhe reservoir storage capacuy and I is the |

, ﬂow inflow rate. ~ As thc storagc capacnly changes with the operanon period,
trap cfhcncncy will bc calculatcd fora 10 year 1nterval as Wl“ bc dlscussed later.

Accumulatlon of Sedlmenl in the Reservmr _

In_order to esllmalc the sedlmcnt accumulatlon in Ihc reservoir, a 10 ycar B
“calculallon period was con51dered For each pcrlod cumulahvc sedlment E

unit welghl cstlmatlons Four cases of lhe reservoir sca]cs wcrc exammcd as -
follows: - _ Co T o ‘
. Case505: FLS 505 mand grosé slorage 690 million.m3

- Case530: FLS530m and gross storage 1,070 million m*




. Case555: FLS 555 m and gross storage 1,590 million m’
- Case 580: FLS580m and gross storage 2,340 million m®

The calculations for 500 years are listed in Tables C6.3 for each of the four cases
of reservoir scales. The more perlinent results are summarized as follows:

Sediment Accumulation in the Reservoir

Period - - Sediment Accumulation million m*
Case 505 Case 530 Case 555 Casc 580
10 40.7 426 43.9 448
© 20 - 711 80.8 833 852 .
.30 40 1120 117.6 1214 - 124.2
40 - 1460 153.6 158.7 162.3 -
50 179.2 188.8 195.3 199.9
60 - J2117 - 2236 - o 2315 0 | 2370
i - 70 . 2436 2579 - 2673 - 273.8
- 80 . 275.0 . 291.8 302.7 - S 3103
90 - 305.7 3254 © 337.8 346.4
100 3358 3885 | - 37 3823

' -_ I‘rom Ihe above table, it can be seen that thc reservmr would losc 49, 33 23 and
. 16 % of its capacny of 690 1, 070 1,590 and 2, 340 mllhon m rcspecllvely after - '
. 100 years

' Thc plan formulauon sludy was con('luded wuh the opllmum case of 555. The u
. estimated sediment accumulatlon after 100-year is 373 mllllon m’* for the casc
555.° Flguru C6.2 shows spccnfic scdlmcnl discharges for vanous dam and
hydropowcr projects in Pakrstan as well as Munda Prolecl The Munda
- sediment’ accumuiatlon of 0.94 ton/day/km falls within a reasonablc range in
_ Flgurc C6.2. . Therefore, the cstimated 100 ycar scdimcnl accumulatlon of 373
X mllllon is con51dered accepiable
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