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11 Aibak Block, New Garden Town, Lahore

NESPAK/HARZA/Z & A it

: 858311, 858712, 853228-30 .
SSSSB%%%N{F}%SSN SECTOR Telex: 44730 NESPAK PK.
Rer._W8&A/J-1005/487/25113 DATE_March 31, 1990.

. The Chief Engineer (Floods]),
Federal Flood Commission,
16-D East (Safdar Mansion},

Blue Area, )
lslam‘abag
L FLOOD PROTECTION SECTOR PROJECT ,
v FEASIBILITY STUDIES FOR FLOOD MANAGEMENT
OF KAHA HILL TORRENT
Dear Sir,

We také pleasure in transmitting final Feasibility Report for Flood Management
of Kaha Hill Torrent. The report has been finalized in the light of comments
received from FFC and the Asian Development Bank and the discussions
held with ADB mission on 6th March 1990.

Kaha which is the biggest among the D.G.Khan Hill Torrents, is located on
the western side of D.G.Khan, three-fourth of which lies in Balochistan
Province while remaining falls in Punjab. It has the maximum flood damage
hazard and a large development potential if properly managed.

The report describes the flood problem in perspective hydrometeorological
studies carried out, planning strategy, and various alternatives for flood
management with the|r cost estimates. :

Analysis of the precipitation shows that the amount of rainfall and its areal
distribution are both unfavourable for sustained agriculture. Annual rainfall
is low, uncertain and patchy. However, sudden cloud bursts in the upper
catchment often generate shortlived high peaked floods which result in heavy
monetary losses in -the downstream areas coupled with loss of human life.
Floodflows frequently shatter the economy: of the area. Thus, harnessing.
of the hill torrent is urgently called - for not only to safeguard the people
against frequent onslaught of the hill torrent, but also to utilize the floodflows
for the development of planned agriculture |n the Kaha Basin. ‘

(Contd...P/2)
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The following four different structural alternatives have been considered for
optimal management of design flood. These are shown in Exhibit T-1, and

are summarised as:

Alternative Cost

1. Disposalh to Indus through
cross-drainage

Rs 563 million

2. Disposal through Dajal Branch Technicall not feasible |

3. Disposal to Indus by
' Channelization along right bank

of Dajal Branch Rs 405 million

4, Management in sub-mountain

‘and Pachad Area Rs 190 million

Alternative-2 was not considered for further consideration, because it was
not technically feasible. Alternative-1 and 3 have been studied in more
detail technically and financially. Alternative-1 not only has prohibitive
cost but also has a disadvantage that it transfers the flood hazard from'
Pachad area to the area of its disposal point into the Indus. In addition, it
squanders the precious water which is direly needed for fertile but thirsty
lands in Pachad area of Punjab and drought stricken sub-mountainous region
in Balochistan, Alternative-3 though comparatively less expensive than
alternative-1 also does not fall in line with our planning strategy that
floodflows should be tamed and utilized for the benefits of the area rather

than scaring them off into the Indus.

Alternative-4, the recommended alternative, has been prepared not only to
protect the area from the recurring flood damages, but also to provide
maximum socio-economic benefits to the local people. The cost of the
alternative is low and has far reaching effects.
recommended alternative are highlighted in Exhibit T-2.

Salient features of the

Analysis of agronomic data of Kaha Hill Torraent Basin for the last few years
have shown a vast variation in terms of cropped area i.e., ranging from
670 hectares (ha) to about 5,800 ha. Average annual cropped area under
pre-project condition is about 2,900 ha with a cropping intensity of 8 percent.
With regulation of flood supplies under the post-project conditions, the average
annual cropped area would increase to about 20,440 ha. However, in the
year of design flood, (25 year return period) about 51,200 ha would come

under irrigation raising the cropping intensity to 87 percent.

The net average annual agricultural benefits have been estimated as'Rs
14.72 million, In addition, average annual benefits accruing from the
incremental safety to canal system, infrastructure and cropped area, work
out to be Rs 19.08 million. Summed total annual benefits aggregate to Rs

33.80 million.

(Contd...P/3)



Estimated cost of the proposed plan comes to Rs 190 million. Economic
evaluation indicates, that the plan, if implemented as proposed, would
correspond to an Internal Rate of Return (IRR) of 17 percent which is
reasonably above the opportunity cost. Thus, the works proposed in the
plan are technically feasible and represent an economically viable solution to
the problem. : o \
n
We trust that this Report would meet your kind approval. The proposed )
plans if implemented would go a long way in solving the long outstanding
requirements of the area and ushering in a new era of economic prosperity '}

for the people.

Assuring you of our best services at all times, we remain,

Yours faithfully,
for National Engineering Services Pakistan (Pvt) Ltd.

VT 7

(S. A. BHATTI)
Project Manager

Encl: As above.
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= 7 FLOOD MANAGEMENT ALTERNATIVES & COSTS-KAHA HILL. TORRENT-- .« fss e oo o

- R - | FLOOD PEAK 2 662 CUMECS| - ‘ o OED, . . -

E _ R ] Co _ R - (94000 Cts) -
, . 25-YEAR RETURN PERIOD
: DISPOSAL TO INDUS OF BALANC o
l DISPOSAL TO INOUS THROUGH CROSS DISPOSAL THROUGH DAJAL BRANCH PEAK 2.343 CUMECS 89 CrANNCLIZATION MANAGEMENT OF BALANCE PEAK 2662 CUMECS -
343 ; ! “ "IN SUB-MOUNTAIN AND PACHAD AREA '
| | | ORAINAGE WORKS 2,343 CUMECS 2 [2i343 cuMecs 3 |ALONG RIGHT BANK OF DAJAL BRANCH 4
' SSTIMATED COST 563 MILLION NOT FEASIBLE -NOT EVALUATED - TOTAL ESTIMATED COST Rs.190.26 MILLION
® | TOTAL ESTIMATED COST.405 . MILLION : ]
4 MANAGEMENT IN SUB-MOUNTAINOUS REGION
(UPPER CATCHMENT IN BALOCHISTAN) '
, : 566 CUMECS ESTIMATED COST Rs.60.00 MILLION
g . | - -
K
? ADDITIONAL H.T. CROSSING ON { CONSTRUCTING DRAIN AND OUTFALL TWO EXISTING STRUCTURES
OAJAL BRANCH R.D 99‘ IOO '473‘0 CUMECS 85 CUMECS
142 CUMECS
1 .
: g;%iﬁg[“ggm‘éﬁf:g BaNK SIX EXISTING STRUCTURES AFTER FOUR NEW STRUCTURES AT
oga IOING MAJOR REPAIR WORKS APPROPRIATE LOCATIONS
® PROTECTION TO EXISTING H.T : 226 S
- CROSSINGS OF CAPACITY.72 8 CUMECS - 255 CUMECS S CUMEC
» i : T
la g BALANCE REACHING PACHAD AREA |
1777 CUMECS'
| SAD ALIF bISPERSION . . MOHAMMAD WAH DISPERSION ,i NOOR WAH DISPERSION
N SYSTEM SYSTEM g SYSTEM
4 I. I32 CUMECS . 74 CUMECS ' 331 CUMECS
@ ¢142 CUMECS 1473 CUMECSY
! B e EE ] B CHATOOL WAH DISPERSION LASHAR] WAH DISPERSION SIDGAH WAH DISPERSION
. SYSTEM ' SYSTER ’ SYSTEM
E . 326 CUMECS - 391 CURECS - 475 CUMECS -
E J' |
. L
]
. 4 - hiecs RIGHT ae@j - _ - _ _
- |a00ITIONAL H.T. CROSSING FOR[DAJAL BRANCH| SIX EXISTING H.T.CROSSINGS [DAJALY BRANCH ,edt=a— DRAI DAJAL BRAN_CH DAJAL 3= BRANCH - -
D 1616 CUMECS I T : - T27CUMECS _ - ’ / Lo - Xt 11 vt payal BRANCH ' - L HT. crossING OF -
) { 728 cumecs | AGGREGATE CAPACITY 778 CUMECS
. \LEFT BANK DRAIN
\.—-ﬁ-ﬂ-—\ /. e ety
TECHNICALLY NOT FEASIBLE
~INADEQUATE CAPACITY OF CARRYING CHANNEL
—HIGH SILT : . . ' T T-1
M/DU ~REGULATION CONSTRAINTS : ‘ EXHIBIT
S —
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MAP OF
D.G-KHAN-HILL-TORREN

SCALE! "z 27-65 Mites .-

TS —

. MAPOF

RAHA

SALIENT FEATURES OF KAHA

RAIN FALL PATTERN -

 MAXIMUM RAINFALL  IN #M_(INCHES)..- - B

BASI

RS 5‘ "A-:?—-———-:“‘;J"é' = _ - 1-Day 4.17 2.92)
: i 7-Day 227.88 ( 8.97)
= : -~ ) » 15-Day 287.78 (11.33)
® " N R E 1-MowTH | 352,31 (13.59) -
_ . ) 343210 3 10 MILES - NO. OF Rain GAVGE STATIONS- )
. ) Ay’ SCALE " RHIDDAR PER 10 - ’
gl % : /i*\ DACWAI , ENNIAL SuppLy, . ONE CuMecs (35 crs)
/—-\,;é; . ;_/_,_ c. l © MAXIMUM ANNUAL RUN-OFF,’ 120,190 HA-METER
o Y , ) 1 g - LI AVERASE ARNUAL RUN-OFF, 41,500 HA-METER
d /'“'7\/‘7-—4') I ovigan /1
o ( N\ 3 | |
Y N g PEAK DISCHARGES FOR RETURN PERIODS
. R h = -
o 30 ,
® Jrauresal -
R‘.) L]
S 25 - YEAR - - - 2,660 CUMECS(S4,000 CFS)
TAUNSA o
' BARRAGE %, 10 - YEAR 2,240 cumecs(79,160 crs)
8
g %, 5 - YEAR 1,860 cumecs(65,810 crs)
o o 2.33 - YEar 1,400 cumecs(49,420 cFs)
® ? '
' 5 HILL TORRENT CROSSING .‘
< a2
@ : o
. \N\\wuzarrar GARH L CANAL il CAPACITY
30 - 10 .
‘ ZIT;%\E u DAJAL BRANCH 79+700 283 cumMecs (10,000 crs)
' \&TIBBI LUNDAN DAJAL BRANCH 95+280 20 cuMECS (700 cFS)
o : . 4'4"/4\ “~ Q».\_ ; DAJAL BRANCH  109+770 28 cuMecs ( 1,000 cFs)
: [ 3 S e ;
\ . / il DauAL Brancw  123+650 141 cumecs ( 5,000 cFs)
: - - k i
® L \escs e SN — I vasusmmcn 15760 198 cumecs ( 7,000 ces) |
B e\ = IR DAJAL BRANCH  165+760 57 cumees ( 2,000 cFs) -
’ 3 v \ ~
_‘ // \ \ \ \\\ TN
P JAMALIS—_7 . \ \ j‘ CATCHMENT CHARACTERISTICS
.,_' '/ r/.
\ ') LEGEND VQ’ HAJOR CATCHMENT  AveraGE Time OF  TIME TO
Z\ = L ToRReNT - e g B o B
o J o _ ROAD METALLED ae HOuRS
. PROVINCE BOUNDARY —eremmme
. d CATCHMENT BOUNDARY s ——
o 29 Ji EXISTING STRUCTURE A RAKHNU NALLAM 1,684 5 16.28  10.82
k ‘ GAND HALLAH 1,865 3 13.67 9.11
PHitAwAGH HALLAH 1,018 6 18.76 9.84
. KAHA NALLAH 1,153 10 7.54 5.96
‘ ., LEGEND - S ToTAL: 5,720
AIVER =P
: HILL TORRENT el
RAILWAY LINE
. 22‘,.2._”535‘}552‘,““ — ECONOMIC PARAMETERS
CITY, TOWN (®o minaL
PROVINCE BOUNDARY —_——
° TRMAL SOUNDARY ———
CATCHMENT BOUNDARY — O — PARAMETERS 10 15 20 15
HMITHAWAN CATCHMENT C— CROPPING INTENSITY AFTER MANAGEMENT
‘ i' STATISTICS OF-CULTURABLE AREA DISCOUNTED BENEF_ITS 2%80.11 170.55 112.63 78.96 4
INTENSITY N DISCOUNTED COSTS 171,75 150.25 132,95 122.96 R
RETURN PERIOD
R v L OTEC - XTHOUT PROJECY QESCRIPTION AREA 1M HECTARES NET PRESENT WORTH 108.36  20.20 -22.37 -as.00
o - - 13- YEAR I PERCENT ® PERCENT CULTURABLE AREA 58.916 _ .
_ R s - YEAR 67 PERCENT 29 PERCENT ABOVE DARRAH 22,663 BENEﬁITICOST RATIO 1.63:1 1.13:1 0».5_3:! 0.64:1
. - 10 - YEAR 83 PERCENT R - - - — —
@ o - i A 5 YEAR " &7 PERCENT :: ::nz:: BELOW DARRAH 16.253 INTERNAL RATE OF RETURN 17.38 PERCENT
‘ B } e . EXHIBIT T-2
] . -
: . - ” . L N A T\ — -
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BUND -

BUNDED FIELD

CHAK -

CHUR -

DARRAH -

GANDAH -
HAQOOQ -

KALA PANI -

KAMARA SYSTEM -

KHARIF -
KHAD -

LATH -

MAQASMA -

NAIN ' -

"NON-HAQO0Q -

PACHAD -

PACHAD AREA -

GLOSSARY OF ENCHORIAL WORDS

| Embankment

Fields surrounded by earthen embankments (Lath).
Village.

Small hill torrent. \
")

The site or the mouth at which a torrent or a Nallah
comes out of hills, Below darrah the torrent fans
out into different branches,

Any obstruction constructed across the bed of a
torrent or its branch for diverting floodflows.

The area or channel having water rights on floodflows
of hill torrents. . -

Perennial flow of a hill torrent.

A system prevalent in DG Khan area where work for
diversion of floodflows is carried out on a self-help
basis in accordance with the share fixed under Minor
Canal Act of 1905.

Summer. Crops starting from April to September.

A deep branch of a hill torrent.

Earthen embankment constructed around the fields to
hold flood water for basin irrigation.

The works constructed for distribution of floodflows
according to shares of various off-takes at any
distribution site.

Branch of hill torrent

The area or channel having no water rights on flood
flows of hill torrents.

It means west side of any reference line.
The area lying on the western side of the reference
line. In DG Khan and Rajanpur districts, the area

lying on the western side of Canal System upto the
toe of hills is called Pachad Area.
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PORA
RHOD KOHI
RABI

SAD
SALAII

SAROPA PIANA

SHAKH

TAROR

WAH
WAHI

WAKRA

Broadcasting of seeds.

Hill torrent.
Winter Crops starting from October to March.
A small diversion bund.
A small embankment.

A}
The upper stréam fields on a hill torrent are called
Saropa and have prior rights while the lower fields
are called Pianaiand have secondary right over flood
flows. This is a relative term and is used for all
the fields on a hill torrent with respect to their location
to each other.

A natural channel off-taking from main hill torrent.

Flood Water flowing down after breach of diversion
bund to areas having secondary or no right.

A natural channel off-taking from branch/shakh.
A natural channel off-taking from Wah,

Any obstruction constructed in ‘wah or wahi for basin
irrigation of fields.
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FOREWORD

AUTHORIZATION

Preparation of this report was authorized under Contract between the Federal
Flood Commission, Ministry of Water and Power, Government of Pakistan,
and National Engineering Services Pakistan (Pvt) Ltd., in association with
Harza Engineering Company and Zafar & Associates. The assignment has
been financed by the Government of Pakistan through Loan No.837 - Pak’
(SF) of the Asian Development Bank and administered by the Federal Flood
Compission, Government of Pakistan. Under the Agreement signed on 5th
Aprit 1989, the Consultants were commissioned to provide Engineering Services
for the Flood Protection Sector Project Pakistan. Flood management of Kaha
Hill Torrent is one of the projects for which engineering services are to be
provided by the Consultants.

PRINCIPAL OUTPUTS CALLED FOR CONSULTANCY SERVICES ARE:

The Consultants shall advise and assist Federal Flood Commission and
Provincial Irrigation & Power Departments (PIDs) in carrying out the following: -

- Prepare Feasibility Studies and PC-Is for Sub-Projects listed in
Table-F; :

Detail 'Design and Tender Documents of Core-Projects and Sub-
Projects listed in Table-F;

- Procurement of Bid Evaluation;
- Construction Supervision of projects;

- Standardization of Design; and

Prepare programme for 'On the Job' training and overseas training

for the engineers and technicians of PIDs, WAPDA and Meteorological
Department.

. REPORT LAYOUT

The report has been presented in six sections. Section-1 briefly outlines ' -
the introduction of the project. Section-2 gives the description of the

project area. Section-3 relates the flood problems of the area with a brief
rundown of the past historic floods, existing flood protection facilities and

their evaluation. Hydrometeorologic evaluation and procedures for determining

flood peaks for various return periods and run-off are described in Section-4.

Variods ‘alternatives for flood management with cost estimates and selection

of the recommended alternative have been presented in Section-5.

Recommeénded sequence of construction and structural specifications are also

described in this section alongwith cost estimates. Agriculture and economic

evaluation of the project have been discussed in Section-6.

_ix_
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TABLE - F

SUB-PROJECTS REQUIRING FEASIBILITY STUDIES

El:).. Name of the Projects
1. River Protection - Ravi River, Ravi Syphon to Balloki Barrage..
2. River Protection -~ Chenab River, Qadirabad Barrage to Trimmu
Barrage.
3. Correcting Approach - Panjnad Barraée.
u, Correcting Appréach - Sidhnai Barrage.
5. Resectioning of 2nd Line Bund Sukkur Barrage - Kotri Barrage. .
6. River ;l‘raining Works - Kabul River and Swat River.
7. Bughti (Pat Feeder) Hill Torrents.
8. Kaha Hill Torrent,
9. Any other scheme decid?ed by Federal Flood Commission.
LIST OF CORE-PROJECTS ‘
Name of Core-Projects
1. Flood Management of Kalpani Nallah, Mardan (NWFP).
2. - Flood Management of Trimmu-Panjnad Reach, Chenab River,
(Punjab}. |
3.. " Flood Man‘agerﬁent of Gudu-Sukkur Reach, Indus River (Sindh).
g,

Flood Management of Quetta City (Balochistan).



SECTION -1

INTRODUCTION

Flooding from hill torrents in different parts of Pakistan constitutes
one of the most serious environmental and economic hazards. Most
of the settlements in these areas have developed around the banks
of hill torrents as the rich alluvial soils transported by the hill

torrents onto the plain areas have held much lure for the peoplle.

Since the time immemorial, people have been diverting flood flows

to their fields by constructing small diversion bunds. These earthen
bunds "adequately divert low floods, but generally fail in case the
flood flows exceed the manageable limits. In case of breaches in

the diversion bunds, concentrated flows move downstream damaging

standing crops, communication facilities and other infrastructur‘e. |

It is generally beyond the capacity of the farmers to reconstruct
these bunds during the flood season. A major flood, thus, deprives

the farmers from the subsequent benefits of low floods also.

The complexity of hill torrents problems in D.G.Khan and »Rajanpbr

~districts has been posing a challenge to the ingenuity of engineers ' '
and planners. Hill torrents flooding has been the primary constraint

in the .development of these two districts. The first major

development effort in these districts was initiated by the introduction
‘of weir controlled irrigation system in the late fifties when the

- D.G.Khan Canal System offtaking from Taunsa Barrage was

constructed. The canal was hardly in the last phase of completion,
when it experienced the first brunt 6f hill torrents flooding.
Twenty hill‘torrent crossings with an aggregate capacity of 2,920
cumecs (103,100 cfs) were constructed during construction stage of
the canals. Paradoxical as it may sound, no planning was done
for constructing the carrying channels which could transfer hill
torrent flows from the canal crossing to the Indus River. This

was tantamount to shifting of flood hazard from Pachad area to

1-1
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canal irrigated areas having more damage potential. Half-baked
planning has resulted in over 890 breaches in canal system and
inundation of about 300,000 hectares (ha) of irrigated area in the
last 15 years., These districts have not been able to achieve the

full benefits of the irrigation system, as irrigation losses have

" aggregated to about Rs 1,200 million in the recent major floods.

The hill torrents are controlled under Canal Act of 1905. Wa};’er
rights exist for 276,518 ha (583,000 acres), but only about 90,000
ha is presently being irrigated. This reduction is primarily due to
changes in socio—ecohomic conditions and to low financial returns

from irrigation in the Pachad area.

D.G.Khan and Réjanpur Districts having a population of over two

million and covering an area of about 24,000 sq.km (9,400 sq.miles)

are uniquely situated as they are bordered by three other provinces
of the country. Part of the area is irrigated through the D.G.Khan
Canal System offtaking from the Indus River at Taunsa Barraé;e.
Th.e canal runs almost parallel to the river up to about 112 kilometers
(70 miles), where it bifurcates into Dajal Branch and Link-111,

The two districts can be mainly divided into three categories from -

the stand-point of land use. ({Figure: 1.1 shows these areas in
detail). Hilly catchmentsof hill torrents aggregating to about 1.17
million ha (2.9 million acres) forms about 49 percént of the total
area. The second category covering about 0.81 million ha (two
million acres) is called 'Pachad' area and lies between the hflly
catchment and the canal irrigated area of D.G.Khan Canal system
and Indus River from Ramak to Taunsa Barrage. The area comprises
rich alluvial soils with high fertility transported by hill torrents
from Suleiman Range. Presently in only ten percent of this area,
terraced irrigation is practiced. The third category roughly covering
0.40 million ha (one million acres) is commanded by the D.G.Khan

Canal System offtaking from Taunsa Barrace.

1-2
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Hill torrents have been causing damage to areas in D.G.Khan and
Rajanpur districts. since the time immemorial. Heavy floods have
been recorded during 1906, 1917, 1929, 1955, 1967, 1973, 1975,
1976 and 1988. Serious efforts for flood protection were initiated
after heavy flood damages in 1929 when Mr. P.Clexton, the then
Executive Engineer, Indus Canal Division was deputed to study the
problem and p(opose flood control measures for the area. However,
the measures proposed by him were not executed because they
were based on\madequate geohydrologic data., Since then, several
technical proposals have been drawn-up in response to some nmpedlng

flood problems at various times and partially implemented also.

There are more than two hundred hill torrents emanating from the
Suleiman Range of which 13 are major. The complex nature of hill
torrent flooding warrants comprehensive study of hill torrent flows
and their management based upon detailed frequency and risk -
analysis. ln view of the complex nature of the flood problem ‘

there are a number ‘of alternatives which require comprehensuve

_technical and economic evaluation before the selection and adoption

of a final strategy. NESPAK in their National Flood Protection

Plan (Phase | & 1) for Pakistan, highlighted the problem of the
severity of Hill Torrent floodings and recommended that due to the
complexity of flood and high flood damage potential, the problem
be tackled as a high priority issue and feasibility studies for
management of flood-flows of hill torrents be carried out.

Kaha is one of the major hill torrents of the area. It rises in the
Suleiman Range in the area lying within the administrative jurisdiction
of Balochistan province. Of the 13 major hill torrents emerging
from the Suleiman Range, Kaha Hill Torrent has the maximum flood
damage potential. In 1984, NESPAK prepared a Master Planning
Report (in four volumes) of D.G.Khan Hill torrents in which Kaha

Hill Torrent was included. Now the Federal Flood Commission,

1-4



Law

Government of Pakistan has asked NESPAK/HARZA/Z&A to prepare
a feasibility report for flood management of Kaha Hill Torrent on
priority basis under the Flood Protection Sector Project. The Project
has also been highlighted in the Asian Development Bank (ADB)
Mission Report of 1987 and has been given high priority. Irrigation
& Power Departments, Governments of Punjab and Balochistan have

also shown keen interest in the Project in view of its high flood

damage hazard and exceptionally high development potential. 1t is - -

expécted that the Project, on completion, would help bring abbut'a
socio-economic revolution for the locals of the area through prevention

of recurring flood damages and bringing additional area under fiood
irrigation. '
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SECTION - 2

PROJECT AREA

LOCATION AND EXTENT

Kaha Hill Torrent rises in the Suleiman Range, in the Province of
Balochistan, between Kohlu and Vitakri at an  approximate altitude
of 2,050 meters (6,730 feet) above mean sea level (msl). It enters
the Punjab Province near Murunj and debouches onto the ‘Pachad
area of D.G.Khan Division at its Darrah near Harrand. Kaha is
the biggest hill torrent of Suleiman Range. It has a catchment
area of about 5,720 sq.km (2,208 sq.miles) of which nearly 4,450
s‘q.k‘m (1,718 sq.miles) lies in‘ Balochistan and 1,269 sq.km (490
sqg.miles) in Punjab. The catchment area lies between latitude 29°
16'N to 33° 21'N and longitude 11° 69'N to 05° 70'N. Sangarh and
Mithawan hill torrents lie in the north of Kaha hill torrent. Dajal
Branch lies on the east, Dera Bugti District and Chachar hill torrent,
on the south-west and the Kohlu District to the west of the Projecf
area. The D.G.Khan-Loralai Highway passes through the area.
Barkhan, Vitakri, Murunj, Rakhani, Bewatta, Mat, Jamali, Chacha
and Rarkan are some of the important satellites in the upper areas.
The people mostly depend upon meagre subsistance agriculture‘and
cattle raising as a way of life. The Project area alongwith the
major towns/villages is shown in Exhibit 2.1, o

PHYSIOGRAPHY

Physiographically the area can be divided primarily into three distinct
units.  The mounrtaineous and sub-mountaineous area:; the Pachad

“area and canal irrigated area. The mountaineous and

sub-mountaineous area forms part of Suleiman Range with an elevation

ranging to more than 2,130 meters (7,000 feet) and lies to the
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west of the Project area. The slope of the terrain area is primarily
from north-west to east. The Pachad area is sandwiched between
Suleiman Range and Canal Commanded area in the south. This

area has been formed by rich alluvial deposits brought by hill

torrents from Suleiman Range. Basin irrigation is practiced since ~

the time immemorial by constructing bunds around the fields to
store about one to one and a half meter of flood water.
| .

The third physiographic unit, the canal irrigated area (flood plain)
has been formed, mainly by the sediments deposited by Indus R‘i\’/‘e.r
during the sub-recent time. This area has a general slope .of. .
about Oi.um per km towards south. There is a comparatively low
lying area,’running. north to south in the middle. The presence‘

of channel scars, old rivers bars, meander scrolls and levees are

"~ observed in the flood plain. The width of the area varies from 26

km (16 miles) to 32 km (20 miles).

CLIMATE

Climate of the area is arid and is characterised by the movement of
Monsoon in summer and Westerlies in winter, The summer .
temperatures are fairly high and winter temperatures are biting
cold. Average annual rainfall varies from about 250mm (10 inches)
in the extreme southern tip to 380mm (15 inches) in the north;west.
Summer rains comprise sixty (60) percent of the annual rainfall in
the southern part, and it decreases to about 50 percent in the
north-western part. The pattern of rainfall is erratic and patchy.
Years of intense rainfall are likely to be followed by long spells of
dry yecars.

ECONOMY

The economy of the Project area largely depends upon agriculture

and livestock. The cropping pattern is largely controlled by the

2-2



availability of water and mode of irrigation. Lack of infrastructural
facilities shortage of water for irrigation and mass - illiteracy
are among the causes of the low standard of living for the greater
part of the population and are the main constraints to ‘the develop—

ment of the area.

Pachad area is arid and sparsely vegetated where agricultural
production is dependent on flood irrigation or soil moisture retention.
Only a small part of the rainfall inj\’the catchment area is utilized
for agriculture, while a major proportion of it causes serious damage
in the command area by flooding as it makes its way from the

upper catchments of the hill torrents to flow across the main

. agricultural area. Cropping intensity in Pachad area varies greatly

according to the extent and frequency of floodings. The main

' products in the canal irrigated area are cotton, rice, wheat and oil

seeds whereas sorghum, wheat, pulses, oil seeds and livestock

(meat and wool) are of the Pachad area.

In the absence of organized and developed agriculture in the Pachad
area, livestock raising is an important supporting occupation f.or‘
farm families. This is a major source of income for the farmers
and its contribution to agricultural development is substahtial.
Livestock also contribute to security against crop failures in years
of exceptionally high floods or drought. The livestock in the area
include cattle, goats, sheep, camels, horses and donkeys. Livestock
in fact plays a primary role in the economy, for agriculture depends
largely on cattle, which are used as draught animals for the
construction of bunds, ploughing and carting. On the other hand,
the livestock depend on agriculture for the greater part of their

feed requirements,
The mode of communication and transport cost affect the economy

considerably. Market prices fluctuate from season to season and

according to the time of the year.
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HYDROLOGIC BASINS

Catchment area of Kaha Hill Torrent can be divided into the following
sub-basins and its tributaries as shown in Fig.2.1:

1. Rakhni Nallah - Chhuri Nallah
- Chang Nallah
' - Wandoi Nallah
N - Gujji Nallah
2... Gand Nallah - - Wahi Nallah

- Karin Nallah
- Waram Nallah
- Gud Nallah

- Warsala Nallah

3. Philawagh Nallah - Kunal Nallah
- Thadha Nallah

- Makhi Nallah

4, Kaha Hill Torrent - Garo Nallah

(Main Tributary) - Baghi Nallah

- Sauri Nallah
- Darazho Nallah

5. Higgan Nallah - Kala Khosra
- Bagga Khosra
- Sabegari Nallah

These sub-basins form part of the Indus River Basin as ultimately
these outflow into the Indus River. Their catchment areas vary
from 1,018 sq.km (393 sqg.miles) to 1,865 sq.km (720 sq.miles).
The length of the main channels varies from about 76 km (47
miles) to 130 km (81 miles). They rise from an elevation of 700
meters (2,300 feet) to 2,130 meters (7,000 feet) and their level at
the confluence point varies from 225 meters (738 feet) to 613 meters
(2,010 feet).

All the streams have steep gradients and bring flash-flows whivch
are charged with high-silt content. Gand Nallah is the largest
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tributary and joins the Rakhni Nallah near Murunj village to make
Kaha Nallah at the border of Punjab and Balochistan provinces,
Philawagh Nallah joins Kaha Nallah 18 km (11 miles) downstream of.
Murunj near Nila Kund village. Kaha nallah flows out of its Darrah
in different wahs in the Pachad area to irrigate areas of Chaks
Harrand, Marete, Lundi Saijidan, etc.

EXISTING SITUATION

Kaha Hill Torrent drains off an area of about 5,720 sq.km (2,208
sq.miles), of which three-fourth falls in the province of Balochistan
and remaining one-fourth lies in Punjab Province. The source of.

water is rain only. There is about one cumec of 'Kala Pani':

" (Perennial flow) in Kaha Hill Torrent, which is used for drinking

purposes and irrigation on some very small areas within the mountains

and the Pachad area.

There are several valleys having very fertile land where barani or
flood irrigation is being practised. Low level diversion weirs have
been constructed on some of the nallahs for utilizing perennial
supplies Kala Pani. for cultivation of crops and to raise gardens
of apples and almonds. On some of the tributaries of Kaha, the
Government of Balochistan has constructed flood diversion structures
to divert flood-flows up to about 30 cumecs to 60 cumecs into
excavated irrigation channels. There are eight existing dispersion

structures in the upper catchment area (Balochistan Province).

Basin irrigation is being practised in the Pachad area lying between -
the toe of the hills and Dajal Branch. .The total culturable haqooq
area between the foothills and Dajal Branch is 36,258 hectares (89,580
acres), but presently irrigation is being practised on about 2,900
ha (7,160 acres). Flood water is diverted into various branches
and Wahs with the help of earthen diversion bunds which generally
get damaged during floods with the result that a major parf of
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flood waters reaches the Dajal Branch un-used and attacks the
right canal bank in the reach RD 70+000 to RD 177+000. To pass

flood flows, six hill torrent crossings with an aggregate capacity

of 728 cumecs (25,700 cfs) have been provided along Dajal Branch.

Flood flows exceeding the capacities of the hill torrent crossin'g‘

have breached Dajal Branch at various places causing serious damage
to the canal system, crops, and property in 1973, 1975, 1976, 1988
and 1989, ‘

DATA COLLECTION
General

Comprehensive and reliable data provides the ideal basis for proper

planning and integrated management of hill torrents flows. For

realistic planning, the first pre-requisite is to collect all available

data and make a preliminary review and analysis to have some
rough estimate of design parameters. However, sometimes the data
are limited or non-existent and limitation of time does not permit
the observation of requisite data for an ideal study and analysis.
Survey maps, aerial photographs, satellite imagery, hydrometeoro-
logical and sediment load of flood flows, previous reports and

proposals, existihg flood protection facilities, and historic flood

losses may greatly help in the formulation of an effective flood

control plan. In view of the socio-economic nature of the Project, it

was planned to interview the authorities of the local goveknment,

the civil administration, political agent, and the concerned personnel

of the Irrigation and Power Department at Lahore, Multan, D.G.Khan .

and Kohlu. Given below is the brief description of data collection,

interviews |

v

Precipitation Records

Within and around the Kaha catchment area of 5;720 sq.km (2,208

sq.miles), there are 19 raingauge sites in and around the'whole

catchment area, where precipitation records have b=en observed
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from time to time. Of these, 11 stations are located inside the
catchment area, while remaining lie in the close vicinity of the
area. The data from these stations are mostly in the form of daily
precipitation, The catchment area is so big that rainfall generally
does not fall on the whole area at the same time. Available precipi-

tation records are shown on Table-2.1:

Surface Run-0ff Records

Flood flows record of Kaha Hill Torrent at the Darrah are a\}ailable
for the years 1958-1964 and 1975-1989 in the form of stage above a
benchmark level. Perennial discharge is about one cumec (Kalapéni).
There is no direct outfall into the Indus River. Flood flow reach
the right bank of Dajal Branch Canal in reach RD 70 to RD 170
and crosses the canal command area through six drainage crossings.
Estimated average annual run-off is 41,530 ha.m (336,400 acre-feet).
Available discharge data of Kaha Hill Torrent is:

Available Data with Period

Name of Stations ~ Monthly Daily Hourly
1- Darrah | - 1761 - 5/64  1/61 - S5/64
- 4/75 - 12/81 4/75 - 12/81,
7/89 - 8.89
2- Dajal Branch -
Crossings - 7/78 - 9/78 7/78 - 9/78
- 2/79 - 9/79 2/79 - 9/79
- 7/80 - 8/80 7/80 - 8/80,
7.89 -

9/89

Previous Reports & Plans

A number of reports have been written for management of D.G.Khan
Hill  Torrents, Some of the reports are general and cover the
entire project, while others are for specific hill torrents or special

problem areas. Most of the flood management plans presented have
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TABLE - 2.

PRECIPITATION RECORD & DURATION.

Available Data with Period

Name of Stations Monthly Daily Hourly
Barkhan 1/53 - 12/66 1/53 - 12/55 -
\ ' 1/60 - 12/66 -
" .
N/75%- 4/82 0/75 - 4/82  7/82 - 9/82
Rakni 1/61 - 12/63  1/61 - 12/63  7/82 -  9/82
Chacha 1/61 = u/67  1/61 - u/67 -
Vitakri 1/61 - S/64 1/61 - 5/64 -
Ziarat Sheru 1/61 - 12/54  1/61 - 12/u6 -
1/76 - 5/82 1/76 - 5/82 -
Chhajar W/75 - 5/82 /7% - 5/82 -
Mat 3/75 - 5/82  3/75 - 5/82 -
Jam Ali 1765 - 12/66  1/65 - 12/66 -
Muranj V/54 - 12/57 1/S54 - 12/57 -
| 1761 - 12/67  1/61 - 12/67 -
1/77 - 1/82 /77 - 1/82 7/82 - 9/82
Bewalla Wy75 - 5/82  u/715 - 5/82 ‘
Rarkan 1/61 - 3/63 1/61 - 3/63 -
Chachar 3/75 - 5/82 3/75 - 5/82 -
Nabi Lahri 1/61 - 12/64  1/61 - 12/64 -
Kalkhas 5/52 - 12/57 5/52 - 12/57 -
1/61 - 12/64  1/61 - 12/64 -
Fort Minro /847 - 12/72 1/47 - 12/72 -
8/75 - 5/82 8/75 - 5/82 -
Mehal , 3/75 - 5/82 3/75 - 5/82 -
Mard Bun 7/59 - 12/68  7/59 - 12/68 -
4/75 - 5/82 #/75 - 5/82 -
Hinglum 1/54 - 3/59 1/54 - 3/59 -
K ohlu 1/63 - 3/74  1/63 - 3/74  1/63 - 3/74
2-9



been prepared without due consideration to flood frequency'analysis'
and flood management plans have not been correlated with theoretical
return periods of events. In some cases other possible alternatives
have not been considered. These reports, however, provide very
useful basic data, which has been extensively used for the -
preparation of this report. Given below is the list of previous
reports and plans of Kaha Hill Torrent. These were collected from

various offices:
\

N

i- Harrand Dam S‘cheme by R.B. Kanwar Sain;

ii- Scheme for co“nstructing Gandas at Boot Hawa Wali near
Naushera; ’ ’ ‘ '

iii- Scheme for constructing Gandas in Lughari Wah at Tibbi
Solgi;

iv- Scheme for regulating flood water of Kaha Hill Torrent in
D.G.Khan District:

V- Preliminary Note by Mr. G.E.Mead on Kaha Hill Torrent;

vi- Discharge Table and cross-section of Kaha at Darrah site;

vii- Report on damages caused by Kaha Hill Torrent by Executive
Engineer Rajanpur Division;

viii-  Plan of Kaha Hill Torrent;

X~ Hydrograph.of Kaha Hill torrent for the Year 1975-1979;

X- PlaneTable survey of Kaha Hill Torrent;

Xi- Plan showing routes of Hill Torrents crossing RD 79+500,
RD 95+280, RD 1454760 and RD 123+650

xii- Contour Plan of Kaha 8 kilometer upstream of Dajal Branch;

xiii-  Plan of Kaha Distributor showing crest shape ogee,

xiv-  Report on Harnessing of Hill Torrents and Development of

Pachad Area by Mr. Rahmani. ‘
XV = Flood fighting plan for D.G.Khan Canal Division and Rajanpur
Canal Division for the year 1978, 1979 and 1980,
xvi-  Report on Hill Torrents of D.G.Khan by Mr. P.Clexton. S
xvii- Planning and Design Report (Four Volumes) of D.G.Khan
Hill Torrents, by NESPAK.
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MEETINGS AND FIELD VISITS

NESPAK experts held discussions with the following officials of ~

various departments to elicit their views about the Project.

Federal Ministry of Water and Power

i- Federal Minister, Water & Power, Government of Pakistan.
ii- Chief  Engineering  Adviser/Chairman  Federal . Fiood

Commission, Government of Pakistan. o
iii- Chief Engineer (Floods) FFC, Government of Pakistan.

Irrigation & Power Department Government of Punjab

i- Secretary, Irrigation & Power Department.
ii- Chief Engineer (Drainage & .Flood).
iii- Chief Engineer (Multan Zone).

iv- Superintending Engineer (Derajat Circle).
V- Director (Floods).

vi- Executive Engineer (D.G.Khan Division).
vii- Executive Engineer (Rajanpur Division).

Irrigation & Power Department Government of Balochistan

i- Superinte‘nding Engineer (Loralai Circle)

ii- Executive Engineer (Kohlu Division]}.

A multi-disciplinary planning team of NESPAK visited the area and
carried out insitu studies for the existing structures. The team
held meetings with officers/authorities of different departments/ |
organizations, The purpose of this.visit was to collect additional
data and conduct field investigations and surveys in various

disciplines of the study in consultation with concerned departments. -
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SECTION -3

FLOOD PROBLEM IN PERSPECTIVE

NATURE AND SEVERITY OF FLOODS

Flood probiems in the area are on account of flashy flows resulting

from excessive rainfall on the barren hilly catchment areas of Kaha

Hill Torrent with little absorption. Flood flows from denuded hill . .

torrents move with steep gradients resullting in high velocities
associated with considerable soil erosion. About 12 percent of the
catchment area lies above 1,830 metres (6,000 ft) above mean sea
level {msl), while 60 percent lies between 1,830m to 915m (6,000 ft
to 3,000 ft) and the remaining, below 915m. Of the total catchment
area, 22 percent lies in D.G.Khan and Rajanpur districts and
remaining 78 percant in Balochistan. Kaha. Hill Torrent brings
down flashy flows charged with high silt content depending upon
the intensity of rainfall and the condition of the soil cover complex
at the time of rainfall. For the years 1958 to 1989 and 1975 to
1989, total run-off for each year and maximum peak data are
available, : 2 .

The darrah of the torrent is about 45 km (28 miles) west of Dajal
Branch (Photo-3.1). The Pachad area lying between the toe of

hills and the canal is very fertile where basin irrigation is bein'g

Photo - 3.1
Panoromic View of Kaha Darrah
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practised on a part of the area. The culturable Pachad area
(haqdoq) is about 35,253 ha (89,580 acres). The torrent has also
perennial supply 'Kala Pani' of about one cumec at darrah which is '

‘being used for irrigation according to water-rights. The torrent

after emerging from the hills fans out like most of other majér hill
torrents of the area, but rejoins again near Basti Mir Mohammad
and flows down as one channel upto village Tibbi Solgi, which is
situated about 35 km (22 miles) downstream of the darrahl\, At this
site, the torrent splits up into three main branches, The‘left side
channel called Main Leghari Wah, a'non-hagooq channel, has beé\n closed
at the head by constructing a bund known as Leghari Ganda. The
right side branch is called Ghawaz Wah and has a right to draw
one—thirdvof the flood-flows reaching this site. The remaining
two-third of water flows through the central branch for further
distribution between Shakh Shumali and Janubi. All the three
branches are further sub-divided as they move towards Dajal Branch,
(Exhibit 3.1). Originally these channels extended almost upto’ the
Indus River, but have been largely blocked by the construction of
D.G.Khan Canal System in 1958, The spreading area for flood
flows has also considerably reduced after the constructicn of D.G.
Khan Canal system. Flood flows from the main channels spread -
both in transverse and longitudinal directions, because of bilateral
slopes and hit the canal in an unpredictable manner, generally
away from the hill torrent crossings. Kaha hill torrent flows approach
Dajal Branch between RD 70 to RD 170 and cross the canal through

six (6) hill torrent crossings with an aggregate capacity of 728

cumecs (25,700 cfs) as detailed below:

Sr. Dajal Branch Capacity
No. RD Cumecs (cfs)
1. 79 + 590 283 10,000
2 95 + 280 20 700
3, 199 + 770 28 1,000
4 123 + 650 142 5,000
5 145 + 760 198 7,000
5. 165 + 760 57 2,000
728 25,700
3-2
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The total haqooq area lying between the darrah and. the Déjal'.

B8ranch system is about 36,250 ha (89,580 acres), which has the
water right as per the Canal Act of 1905. During normal flow, the
area is irrigated by utilizing flows of various. wahs, 'During high
flows, there are numerous breaches in the earthen bunds constructed
by the cultivators and water gushes to DG Khan Canal System with
high velocity. There is generally a ponding effect, because the
agoregate cross-drainage capacity is less than:\.\;the flow reaching
the canal. High velocities below darrah sometimes result in channel

erosion and a major portion of flows start con¢entrating in one

channel, thus depriving the other channels of a share of the flow.

This tendency of concentrated flow in one channel has been observed

to be one of the major causes of breaches in the canals. The’

water from the breach is supplemented by the flows through the

hill torrent crossings and the combinad water moves in the canal

commanded area with no natural or man-made drainage channels

leading to the Indus River. As the flood flows moves towards the

west in the direction of Indus River, generally the river is also in

high flood during this period. This resuits in holding up the -

flood flow of the hill torrent. This has resulted in the development
of a natural drainage line in the south-west direction at a distanée
of about 7 to 13 km from the river. The river bank is considerably
higher than this drainage channel, which makes the hill torrent

flow move towards south-west till it finds its way into the Indus..

The system of Pachad formation was very active and dynamié
Equilibrium conditions had not been attained when DG Khan Canal
System was introduced to intercept quite a percentage of the
west-east flow path of the hill torrent. This man-made barrier has

resulted into an entirely new flow regimen of the hill torrent.

SPECIFIC FLOOD PROBLEMS

" The flood flows largely exceeding the capacity of the hill torrent

crossings, breached Dajal Branch at various places and caused
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serious damage to the canal system, crops and property in addition
to loss of human life during 1973, 1975, 1976, 1977, 1978, 1979,
1988 and 1989, Table 3.1 gives the number of breaches in DG
Khan Canal System during the major floods since 1967. Since
there is no trans-channel to the Indus River, the flood waters
accumulate along the banks of channels and depressions in the
canal command area thereby aggravating the problem of water-logging
and salinity. There is no proper dispersion structure at any of
the distribution site and small diversion bunds constructed for this
purpose are frequently damaged, resulting in unequal distribution.
For effective flood management, proper distribution structures and

training works are required.
PAST FLOOD EVENTS -

In the Pachad area basin irrigation by hill torrents has been practised
since centuries. The fields are evenly terraced and bunded, so as
to store about one meter depth of water. In the past, the b'asin.
irrigation was very effective and used to irrigate an area of about
0.28 million ha (0.68 million acres). A substantial amount of flood
water was, thus, utilized in basin irrigation. Due to changes in
the socio-economic conditions during the past three decades, the
system has gradually deteriorated, and reduced the irrigation to
less than 0.04 million ha (0.10 million acres). At present even the
normal flood flows are not effectively controlled for irrigation and
flow through to cause damage to canal irrigated areas, left of the
DG Khan Canal and Dajal Branch. DG Khan Canal and Dajal Branch

constructed during the sixties and running almost parallel to the
mountain range, serve as the first line of defence against the flood "
flows from hill torrents. After the construction of CRBC and Dajal -
Branch extension, these canals will also face the brunt of flood
flows from other hill torrents of Suleman Range. ' |

After a long dry spell, heavy rains were experienced in 1967 during
the construction stage of Dajal Branch Canal. The heavy rains in
1967 and in the seventies caused abnormal floods and resulted in

colossal damages in the irrigated area. Major flood events since -

1967 are briefly described in the succeeding paragraphs.
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TABLE - 3.1

LIST OF BREACHES TO DG KHAN CANAL SYSTEM

Year g?;:rggﬁiiiizgd g:éa2£es Reach RDs
1967 D5 Khan Canal 3 317, 325
Dajal Branch -
Distributaries -
1973 DG Khan Canal -
Dajal Branch -
Distributaries 3
1975 DG Khan Canal 5 14, 15, 18 & 19
Dajal Branch -
Distributaries -
1976 DG Khan Canal 7
Dajal Branch 3
Distributaries 3
1978 DG Khan Canal 4 322, 323,
Dajal Branch 4 R 15 and 16
L 20 and 21
Distributaries -
1986 D.G. Khan Canal 2
o Dajal Branch 40
Distributaries 204
1989 D.G. Khan Canal -
Dajal Branch 229
Distributaries 4
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1967 Flood

The extraordinary heavy rains during March 1967 in the catchment
areas caused unprecedented flow in the Mithawan, Kaha, Chachar,
Pitok and Sori Hill Torrents. The Kaha Hill Torrent approaches
Dajal Branch in six branches and crosses the canal through hill
torrent crossings at RD 79+500, RD 95+280, RD 109+760, RD 123+350,
RD 1454760 and RD 165+970. . |

During March 1967 a peak discharge of abou{t 391 cumecs (13,800
cfs) struck Dajal Branch at RD 79+500, where hill torrent crossing
was under construction. Structure site was enclosed by a temporary
protection bund and flow was by-passed through a temporary
diversion, Due to concentration of flood flows on the upstream of
the ring bund the right bank of Dajal Branch breached at two
places'and flood water entered the canal. To dispose it off through
its original course, the left bank at RD 78+300 Was cut, The flood
flows after eécaping through the left bank of the canal hit Fateh
Distributary between RD 12-20 (Tail) and breached it. Tayyab'
Distributary was then breached between RD 12-15. A part of flow
crossed Tayyab Distributary through Khato Syphon at RD 25 and
struck Darkhast Distributary. However, the major portion was
diverted along the right bank of Tayyab Distributary from RD
25-41 (Tail) and Leghari Flood Bund, which ultimately hit Déjal

Distributary in its tail reach RD 28-33 and washed off its banks ' -

from RD 30-33. The Kaha flood water joined the flow of Mithawan

and combined waters crossed Dajal-Jampur road between 11 km and

.16 km and then accumulated on the right sidé, of Darkhast

Distributary and Dhingana Flood Bund which could not withstand
its préssure ‘and breached. The flood flows enroute also breacﬁed
the left bank of Firdous Distributary from RD 38-47 (Tail). The
right bank was protected by making strenous efforts. The flood
water of Kaha Hill Torrent also passed through the Hill Torrent
Crossing at RD 95+200 of Dajal Branch which remained under flow
for about five days. This water breached Dajal Distributary between.
RD 4 to RD 5.

3-6



0 0 © 0 000 000000000 0000600 0600 0 0 0 0 oo

The flood flows of Kaha Hill Torrent also started accumulating in
reach RD 100 to RD 102 of Dajal Branch, where it is in a high fill.
The water level rose to RL 402.3 against bank RL 404.5. - A cut
was made at RD 101 of Dajal Branch to relieve the situation.
Cross-bunds had been constructed in Dajal Branch for the safe

passage of flood water., The magnitude of flow in the reach was |
so great that it resulted in two breaches in Dajal Branch which
washed away the cross-bunds. Thi"é?. caused deposition of slush in ~
the bed of Dajal Branch in the reach RD 101-102. The flood water
breached the left bank of Dajal Branch‘\ between RD 97-101 at several
places. The flood flows escaping Dajal Branch breached Kau‘sarA
and Firdous Distributaries at a number of places between RDs 0-10.
The flood water after breaching these distributaries joined flood
flows éoming from the structure at RD 794500 Dajal Branch. The
flow of Kaha Hill Torrent also crossed Dajal Branch through hill

torrent crossing RD 109+760 and breached Kausar Distributary at

. several places between RDs 15-25. . A part of water of Kaha Hill

Torrent moving from north to south along right bank of Dajal

Branch, eroded it seriously in the reach RD 114-120, breached

bqth the. banks at RD 120, and silted its excavated bed between
RD 119-120. A diversion for flood waters had been provided. at
RD 123 to pass the flood water by constructing cross-bunds‘ in
Dajal Branch- at RD 123-125. A peak discharge of over 280 cumecs
(10,000 cfs) passed through the diversion and the cross-bunds
were washed away.‘ This caused severe silting in the Canal in
reach RD 120-130; where the work of excavation was in procéss.
The canal also breached on the left side at RD 127,

At RD 145+760 of Dajal Branch, another hill torrent crossing was

also under construction to pass flood flows of Kaha Hill Torrent,

The construction pit was enclosed by a temporary flood protection
bund and a temporary diversion was made upstream of hill torrent
crossing to safely pass flood flows; but the diversion bund was

breached and the foundation pit was flooded. Slush was deposited
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