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PREFACE

Groundwater studies that were started by WAPDA's Water
And Soil Investigations Division and continued by WAPDA
Hydrogeology Directorate received new momentum, when in
1979 the Project "Groundwater Investigations in North-West
Frontier Province" was started. In the framework of the bi-
lateral development cooperation between the Governments
of Pakistan and The Netherlands this project linked TNO
Institnte of Applied Geoscience from The Netherlands with
WAPDA Hydrogeology Directorate Peshawar. Together they
have studied most of the alluvial plains in NWFP (insofar as
these are not commanded by surface water irrigation sys-
temns) and one plain in FATA. The purpose of the studies was
to assess the exploitable groundwater resources and to
establish where public sector tubewells with a yield of at
least 100 m3/hour or 1 cusec can be drilled. The senior
project staff prepared 18 Technical Reports in which the
results of the investigations were described areawise, These
reports have been submitted to the Government of the North-
West Frontier Province and also distributed to other inter-
ested parties.

Given the large number of reports on the groundwater condi-
tions of NWFP it was felt that the conclusions should be con-
solidated in a document, which, although dealing with a
technical subject, could be understood by the non-specialist
too. The result is this book, compiled and edited on behalf
of WAPDA Hydrogeology Directorate and TNO Institute

of Applied Geoscience by Dr. G.P. Kruseman, TNO's

Project Supervisor since 1983, who was assisted by

Mr S.A.H. Nagavi, Project Director until December 1986.
The book is divided into two parts: Chapters 1 - 7 contain
general information on the North-West Frontier Province and
its geological formation and on aspects of the groundwater
investigations, development and management; Chapters § -
15 comprise the description of the regional groundwater
basins and their groundwater development potential, with an
annotated bibliography for each area.

The book is based on the documents available; no additional
field investigations were made. When the conclusions of the
editors deviate from those of the authors of the reports re-
ferred to, this is clearly stated. The editors recognize that this
book could not have been written without the hydrogeologi-
cal work previously carried out by the staff of WAPDA-
WASID, WAPDA Hydrogeology Directorate, TNO Institute
of Applied Geoscience, and others. In this respect we wish to
mention Mr, Abdul Qadir, Project Director at WAPDA
Hydrogeology Directorate Peshawar, Mr Itrat Hussain
Qureshi, superintending geophysicist, Mr. A H. Mirza,
superintending hydrogeologist, Mr. Mukhtiar Ahmad and
Mr Muhammmad Ibrahim Khan, superintending engineers of

the drilling section, the senior geophysicists Mohammad
Akram Faiz and Abdullah Mir Khan, the senior hydrogeo-
logists, Malik Muhammad Yousuf, Abdul Ghaffar Sheikh
(deceased), Sajjad Ali Muhammad, Muhammad Yasin Malik,
the executive engineer drilling Akhtar Jamal, the junior geo-
physicists, junior hydrogeologists, sub-engineers, plant
superintendents and other staff of WAPDA Hydrogeology
Directorate Peshawar; G. Jousma and W.P.G. Ewalts, TNO
teamleaders, the TNO geophysicists: T. Stavenga and

W. van Dalfsen, the TNO hydrogeologists: S. Bloemendaal
and Dr H. Uil, and the visiting experts from TNQO. The
editors are very grateful to Mr. R.A. Shamsi, WAPDA
Director General Hydrogeology, Mr, Khalid Moatullah,
WAPDA General Manager (Planning) and Mr. F. Walter,
Director TNO Institute of Applied Geoscience, for their con-
tinuous encouragement and guidance. They acknowledge
gratefully the assistance and cooperation extended by
WAPDA and the Provincial Government and also the per-
mission given by the Governments of Pakistan and The
Netherlands to use project funds for the preparation and
publication of this book. Last but not least, they thank all the
others, not mentioned here by name, who have contributed
directly or indirectly to the production of this book.

The Editors



1 INTRODUCTION

1.1 THE PURPOSE AND SCOPE OF THIS BOOK

Groundwater has been used in the area that is now calied the
North-West Frontier Province (NWFP) of Pakistan since
time immemorial. The climate is semi-arid, and therefore the
people living some distance away from the perennial rivers
depend on groundwater for their domestic use and to water
their livestock and crops.

Systematic groundwater investigations in NWFP only started
some 20 years ago. They were undertaken with the aim to
develop means of producing groundwater for public water
supply and irrigation, or to reclaim waterlogged areas in sur-
face-water irrigation schemes. Most of NWFP's groundwater
basins have been studied since then and the results of these
studies have been presented in technical reports, which are
however, not always easy for non-specialists to understand.
With this in mind this book has been written and it is intend-
ed for the user, the development planner and the manager of
the groundwater resources. At the same time it will provide
the hydrogeologist with a ready overview and with referen-
ces to the technical documentation.

The book is divided into two parts: Chapters 1 - 7 and Chap-
ters 8 - 15. Chapter | contains a brief description of the rele-
vant features and statistics of NWFP and Chapters 2 and 3
comprise the background knowledge required to understand
the occurrence, the dynamics and the development potential
of groundwater. The first part continues with a brief account
of the methodology of groundwater investigations, and of the
groundwater development carried out so far (Chapters 4 and
5). Chapter 6 summarizes our knowledge of the groundwater
development potential in NWFP and Chapter 7 presents the
actions required to achieve full use of this potential through
scientific management of the groundwater resources. In
Chapters 8 - 15 the groundwater basins or groups of basins
are discussed in more detail. For each basin a brief general
description precedes a description of the present water devel-
opment situation, of the groundwater conditions and of the
groundwater development potential. An annotated biblio-
graphy concludes each chapter; detailed data sheets are not
included. A hydrogeological map of NWFP is not inctuded
because it will be prepared by WAPDA Hydrogeological
Directorate in the framework of the Hydrogeological Map of
Pakistan Project.

1.2 THE NORTH-WEST FRONTIER PROVINCE

The Province is situated on the northwest frontier of Paki-
stan. In the north and west it borders on Afghanistan; in the

south and southeast it is bounded by Baluchistan and the
Punjab, respectively, and in the east by Gilgit Agency and
the territories of Jammu and Kashmir, It lies between lati-
tudes 31°4(" and 36°57'N and longitudes 69°16’ and 74°70'E.
Its maximum north-south extent is 657 km and its maximum
east-west extent 449 km. It is approximately 100,220 km? in
area, of which 74,521 km? are under provincial administra-
tion. The remainder covers the Federally Administered
Tribal Areas (FATA), which are under the political control of
the Federal Government Agent.
The North-West Frontier Province was created in 1901, and
came under the jurisdiction of a Chief Commissioner and
Agent to the Governor-General of India. At that time, the
northern part of the province consisted of a number of
princely states under the political control of a Political
Agent. In 1931 the NWFP was upgraded to a fully-fledged
province under a Governor in Peshawar. Between 1955 and
1970 the NWFP was merged with Punjab, Sind and Baluchi-
stan into a single province; West Pakistan. In 1970 this deci-
sion was reversed and the pre-1955 provinces were restored.
In the meantime, the princely states had lost their autonomy.
Their former area is still known as Provincially Adminis-
tered Tribal Area (PATA). At present, the only difference
between the PATA and the "settled areas" is the absence of a
"land ownership survey"” in the former.
The territory of NWFP, excluding FATA, has five Divisions
(Figure 1)
- Malakand Division, consisting of the Malakand Agency,
and the Districts of Dir, Chitral and Swat;
- Peshawar Division, covering the Districts of Peshawar and
Mardan;
- Harara Division on the left bank of the Indus river, cover-
ing the Districts of Abbottabad, Mansehra and Kohistan,;
- Kohat Division covering the Kohat and Karak Districts;
- Dera Ismail Khan Division, which encompasses the Bannu
District and the D.I. Khan District.
Each District is subdivided into a number of Tehsils.
FATA is subdivided into the Agencies of Bajaur, Mohmand,
Orakzai, Khyber, Kurram, North Waziristan and South
Wagziristan, and the small Tribal Territories of Peshawar,
Kohat and Bannu.

1.3 CLIMATE

The climatic conditions of the North-West Frontier Province
are extremely diverse. The District of Dera Ismail Khan in
the south is one of the hottest of Pakistan, with maximum
temperatures between 46° and 50°C, while in the mountain-



Figure |1 : Map of the North-West Frontier Province



INTRODUCTION 3

ous region in the north, summers are temperate and winters (Table 1). Also there is a wide variation in precipitation, both
often intensely cold. The air is generally dry, hence the in amounts and in distribution over the year.
difference in daily and annual temperatures can be very large  In the mountains in the north of Mansehra District the annual

Table 1: Data from some meteorological stations in NWFP

A. PREGCTPITATION (in mm)

Station Period Fall Winter Spring Summer Year
Latt. N Long. E. Alt. m Qet Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total
Chitral 69/85 14 19 27 35 58 83 65 44 2 3 7 8 365
15051" 71047" 1475 4% 56% 30% 5%

Saidu Shariff 66/80 64 10 45 35 112 107 104 46 23 110 113 48 817
34041" 72022" 975 9% kY2 18% 36%

Chakdarra 30/80 21 17 43 86 82 114 64 30 13 91 104 46 711
33039" 72000" 670 5% 46% 13% 36%

Daggar 71/83 32 25 31 73 94 46 87 42 55 148 190 85 908
34030" 72028' 720 6% 27% 14% 53%

Tarbela 69/86 40 19 28 43 63 85 58 33 43 170 216 70 868
34°08' 72050' 457 7% 25% 10% 57%

pir 72/75,77/80 32 50 52 71 74 175 128 72 41 120 122 82 1019
35012" 71005" 1375 8% 7% 20% 36%

Shinkiari 61/79 40 33 46 63 110 130 120 59 81 246 231 89 1248
34028' 7316 991 6% 28% 14% 52%

oghi 71779 19 38 57 91 12 107 89 57 119 129 169 66 1067
34930" 73021" 975 5% 36% 14% 45%

Bala Kot 71/79 20 47 36 97 130 121 88 63 106 329 275 94 1426
34033" 73021" 1128 5% 14% 11% 57%

Mardan 33/65 10 16 42 44 38 109 76 33 12 109 85 61 635
34011" 72003' 305 4% 371 17% 42%

Risalpur () 30/60 24 33 62 71 36 72 38 20 5 86 104 55 606
34904" 71059" 305 9% 40% 10% 41%

Peshawar 77/11 10 10 15 39 41 65 42 40 7039 41 14 363
34001" 71935" 359 5% 463 23% 28%

Cherat 22/17 25 29 79 84 85 109 67 62 22 110 125 51 848
33950" 71034 1320 6% 42% 15% 16%

FKohat 61/81 39 9 14 24 48 73 56 38 23 69 112 41 546
33032' 71928" 466 9% 29% 17% 45%

Hangu 64/72 34 13 20 19 43 68 74 56 32 88 120 57 624
32032" 71904 815 8% 24% 0% 48%

Fort Lockhart 63/67 sl 32 4 44 37 108 135 99 25 125 96 80 826
33033 71055" 1905 9% 23% 28% 39%

Parachinar 31/60 17 13 31 81 76 135 103 64 46 122 112 54 854
33052" 70005" 1748 4% 38% 20% 39%

Banou 40/79 9 6 13 20 30 4 4 18 10 70 52 20 331
33900" 70037’ 381 5% 322 18% 46%

Saral Naurang 49/66 1 7 9 20 18 38 37 19 8 64 47 20 295
32050’ 70047’ 306 5% 29% 19% 47%

Lakki 49/66 4 7 9 17 18 30 30 15 12 53 41 23 258
32036" 70955’ 274 4% 29% 17% 50%

Miranshah 31/66 5 6 21 18 36 60 50 24 22 65 36 13 356
32058" 70%5' 918 3% 38% 21% 38%

Tank 61/76 1 4 14 9 22 28 25 24 14 59 50 11 261
3z012’ 70022' 250 2% 28% 19% 51%

Dera Ismail Khan 47/81 3 1 9 8 21 24 210 17 20 55 55 15 259

31050’ 70955’ 174 5% 24% 15% 56%




4 HYDROGEOLOGY AND GROUNDWATER RESOURCES OF THE NORTH-WEST FRONTIER PROVINCE PAKISTAN

Table 1: (continued)

B. TEMPERATURE (in °C)

Station Fall Winter Spring Summe r Winter Summer
Oct  Nov Dec  Jan Feb  Mar Apr May Jun  Jul Aug Sep ave* min¥* ave max***

Saidu Sharif 19 13 9 8 10 14 20 24 29 28 27 23 8 2 28 36

Chakdarra 21 14 9 8 11 15 19 24 30 30 29 26 11 1 29 38

Daggar 20 14 9 7 9 14 20 25 29 29 28 26 10 29

Tarbela 25 19 14 12 14 16 24 30 25 34 32 29 14 35

Dir 16 11 4 3 11 14 18 25 27 25 22 7 -2 25 33

Shinkiari 20 15 7 9 14 21 24 28 28 27 24 10 Kkkk 27

Oghi 17 12 7 5 7 13 18 22 25 25 25 23 8 25

Bala Kot 19 14 6 10 14 20 24 28 27 26 24 10 26

Mardan 21 14 10 8 13 18 21 26 31 31 29 27 12 0 30 39

Risalpur 23 16 11 10 13 17 23 29 34 33 32 30 13 32

Peshawar 24 18 12 11 13 17 23 29 33 33 31 29 13 4 32 40

Kohat 25 19 14 12 15 19 24 30 34 33 32 30 15 32

Parachinar 17 12 7 4 5 10 15 20 25 25 24 22 6 -2 24 31

Bannu 25 19 12 12 14 19 25 31 34 33 32 30 15 5 32 41

Miranshah 22 15 11 9 11 16 21 27 31 31 29 27 12 3 30 37

Tank 27 20 15 12 14 21 aﬂ 32 36 34 33 32 15 34

D.I. Khan 26 19 14 12 15 22 26 31 34 33 32 30 16 32

* ave = average dally temperature

*%* min = average daily minimum of coldest mouth

%% max = average daily maximum of hottest month

kkkk = below freezing

C. EVAPOTRANSPIRATION (in mm)

Station Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

Chakdarra T 83 33 11 8 19 39 83 163 221 220 190 113 1213

Daggar A 64 35 21 21 26 48 81 120 132 132 102 85 867

Tarbela A 167 99 61 60 71 120 175 269 328 245 176 168 1939

Shinkiari T 82 39 15 10 15 39 98 142 179 182 158 124 1083
A 118 88 55 48 43 84 132 165 193 165 125 120 1236

Mardan A 80 39 25 27 40 74 111 171 203 201 169 124 1264

Risalpur T 92 27 10 7 15 43 96 182 215 216 190 167 1260

Kohat T 115 40 21 11 19 48 110 199 217 221 205 168 1374

Parachinar T 65 27 10 5 9 29 57 114 147 155 137 102 857

Bannu A 133 84 50 50 60 102 139 200 223 200 186 160 1587

Tank T 134 43 14 8 13 57 159 205 220 220 206 176 1455
A 178 128 88 62 61 109 156 258 207 307 258 234 1946

D.I. Khan T 121 41 13 9 18 78 143 198 214 213 198 168 1414

Thornthwalte
Application of «= 0.7 to pan-evaporation, E,

Method: T =

A =
precipitation exceeds 1000 mm, while in the arid areas of
north Chitral it is only 150 mm and in south Dera Ismail
Khan it is less than 250 mm (Figure 2).

Geographical factors control the climatic elements:
Precipitation

There are two wet seasons: one, the monsoon, is in summer
when moisture is brought up by the winds from the Arabian
Sea and the Bay of Bengal; and the other in winter, Novem-
ber through April, when storms from Iraq, Iran and the Casp-

ian basin bring widespread rain in the plains and snowfall in
the mountains. Both sources of supply are precarious and not
infrequently either the winter or the summer rainfall fails
almost entirely. The average summer and winter precipitation
has approximately the same magnitude; however, in summer
rains come as brief, high intensity thunderstorms, while
winter rains may be persistent but of low intensity. In
combination with the low air temperatures and the cor-
responding low evapotranspiration, the rain in winter
provides sufficient moisture for a barani crop. Snowfall
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occurs in all mountainous areas from the Hindu Kush in the
north to the Suleiman range in the south.

Temperature

In the plains summers are very hot. The temperature begins
to rise rapidly in April and peaks in late May or early June.
The daily maximum temperature normally exceeds 40° C
and seldom drops below 24° C. During this period winds are
strong, hot and dry. Occasionally, such a spell is interrupted
by dust storms and by thunderstorms that may bring light
showers.

When the monsoon breaks in July the temperature falls and
the relative humidity rises, again causing unpleasant
conditions.

In the mountains, the higher altitude tempers the summer
heat, and therefore the weather is pleasantly warm.

The Himalayas and the Hindu Kush block the influx of really
cold air from Central Asia in winter. Nevertheless, the win-
ters are severe in the mountainous area, where the tempera-
ture regularly drops below freezing point. In the plains it is
warmer, temperatures averaging 4°C although ground frost is
common. No part of NWFP is completely frost-free.

Humidity

The relative humidity is moderate during most of the year.
However, during May and June, midday values often fall be-
tow 10 per cent in the plains. There is a general rise in
humidity in the monsoon season, notably during July and
August.

Evapotranspiration

Potential evapotranspiration is high in summer because of
high temperatures and low relative humidity. In NWFP it is
common practice to calculate the annual potential evapotran-
spiration with Thornthwaite's method (Thornthwaite, 1948)
or to derive it from class-A pan evaporation observations by
applying a correction factor of 0.7. It ranges from 850 mm in
Swat District to 2000 mm in Dera Ismail Khan. Highest
monthly values are reached in May and June, with values
between 200 and 300 mm/moenth. Such harsh conditions pre-
vent germination of crops, even if irrigation water is sup-
plied.

Climatic regions

The important regional variations in climate in Pakistan and
particularly in NWEP warrant a regional classification based
on relative severity of the climatic elements. The method
adopted here is an adaptation by Ashraf Ali (1973) of the
classification introduced by Ahmad (1951).

Nine main climatic regions are distinguished for Pakistan as
a whole. They are described below in relation to their rele-
vance for the NWFP, and shown in Figure 3. Note that in this
account the word "rainfall” stands for mean annual precipita-
tion, "maximum temperature” for the mean temperature of
the hottest month, and "minimum temperature” for the mean
minimum temperature of the coldest month.

Region 1: Arid marine tropical coastland

This region is characterized by a steady sea breeze through-
out the summer; high humidity; rainfall exceeding 150 mm;
mean annual temperature above 32°C and no major variation

in seasonal and diurnal temperatures.
Position in NWFP: not applicable.

Region 2: Arid subtropical continental lowland

This region comprises large plains and is characterized by
great annual and daily variations in temperature; maximum
temperature about 41° C; minimum temperature from 3 to
8° C; a few frosty days, generally low humidity; mainly late
summer monsoon rains and rainfall between 90 and 200 mm.
Position in NWFP: Ashrif Ali (1971) puts the Dera Ismail
Khan basin in this category. However, the rainfall there is
about 250 mm, ranging from 200 mm in Ramak in the ex-
treme south to 290 mm in Pezu on the northern fringe of the
basin. Consequently, the D.I.Khan plain belongs to region 3
and no part of NWFP falls in this category.

Region 3: Semi-arid subtropical continental lowland

A region with rainfall between 80 and 500 mm, maximum

temperature about 41°C and minimum temperature 4.5°C;

otherwise, same as region 2.

Position in NWFP:

Subregion 3a; Western zone of the Peshawar Vale: rainfall is
340 mm, of which about 60 per cent falls in
winter; thunderstorms are common in summer.

Subregion 3b: Bannu basin: rainfall is about 275 mm, about

. 45 per cent occurring in winter.

Subregion 3c¢: Dera Ismail Khan: rainfall about 250 mm;
about 37 per cent falls in winter.

Region 4: Sub-humid subtropical continental lowland

The rainfall in this region is 500 to 1000 mm, increasing
sharply towards the hills: at least two months are humid;
winters are distinctly colder and summers cooler than in
region 3; otherwise, like the previous region,

Position in NWFP: Buner area in Swat District, The Talash
and Adinzai valleys in Dir District, part of Abbottabad Dis-
trict, and Nizampur area as well as the eastern part of the
Peshawar Vale belong to this category.

Region 5: Humid subtropical continental highland

This region comprises mountainous areas, including the nar-
row intervening valleys. The maximum temperature occurs
in June or July and is less than 38°C; winters are cold, snowy
and foggy; rainfall exceeds 1250 mm; late winter and sum-
mer rains are common. The climatic elements vary over short
distances in relation to altitude and aspect.

Position in NWFP: the spurs of the outer Himalayas extend-
ing into Mansehra District,

Region 6: Sub-humid subtropical continental highland
Does not greatly differ from the previous region, except for
the rainfall, which range from 500 to 1250 mm,

Figure 3: Climatic regions of the North-West Frontier Province modified
after Ashraf Ali (1971): (2) arid subtropical conti nental lowland, (3) semi-
arid subtropical continental lowland, (4) sub-humid subtropical continental
lowland, (5) humid subtropical continental highland, (6) sub-humid sub-
tropical continental highland, (7) arid subtropical continental high land.
(For legend see fold-our ar back of book)
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Position in NWFP:

Subregion 6a: The hills of Swat, Dir and Kohistan Districts
with more than 875 mm rainfall, of which 60
per cent occurs in late summer. The maximum
temperature ranges from 32 to 38°C (June) and
the minimum temperature is less than 3°C.

Subregion 6b: The hills of Kohat and Karak Districts with a
rainfall depth between 500 and 800 mm, and
those of Kurram Agency between 500 and
1000 mm distributed throughout the year. Oct-
ober is the driest month and there is more rain
in March and April than in July, the rainiest
summer month. The maximum temperature is
about 32° C and the minimum temperature is
about -1°C.

Region 7: Semi-arid subtropical continental highland

Like region 5, but the rainfall varies from 200 to 500 mm.

Position in NWFP:

Subregion 7a: Northern part of Swat and southern part of
Chitral Districts and Bajaur and Khyber Agen-
cies. The rainfall is about 450 mm, of which
200 mm falls in March and April. The maxi-
mum temperature is 36°C and the minimum
temperature is -0.5°C.

Subregion 7b: Waziristan and southern part of Kohat and
Karak Districts, with not more and often less
than 300 mm rainfall mainly in winter and
spring; the amount of precipitation decreases
towards the south. Maximum temperature
about 40°C and minimum temperature around
freezing point.

Region 8: Arid subtropical continental highland

This region is like the other subtropical continental highland
regions except for the rainfall, which is less than 200 mm,
Position in NWFP: northern part of Chitral District (Balti-
stan): March is the wettest month. Maximum temperature is
31°C and the minimum temperature -9°C, Winter precipita-
tion occurs as snow,

Region 9: Very arid

This region is characterized by rainfall of about 50 mm,
mostly occurring in January and February. The maximum
temperature is 39°C in June and the minimurn temperature is
-3°C in January. Severe dust storms are frequent from May
to September.

Paosition in NWFP: not applicable, This climate is restricted
to the extreme western fringe of Baluchistan.

1.4 LAND AND WATER

Land

The North-West Frontier Province is a mountainous arca. Its
western area along the Afghan border belongs to the Paki-
stani fold belt and the north is part of the Himalayan-Hindu
Kush Mountain systemn (Section 2.1). The highest point in
the Province is the Tirich Mir, north of Chitral town, which
rises 7690 m (25,230 ft) above sea level. The Districts of
Swat and Dir are mountainous (mainly igneous rocks).

The Malakand range and the Khyber hills encircle the Pesha-
war Vale on its northern and western sides. The southern
boundary is formed by the east-west tending Safed Koh-
Cherat range. Minor east-west tending ridges cover the
Kohat and - partly - Karak Districts, as well as the Kurram
Agency. They enclose small intermontane basins.

The Bannu basin (Bannu District) is enclosed by the Kurram
range in the north and by mountains that belong to the Trans-
Indus Salt range (Marwat range and Bhittanni range) along
the eastern and southern boundaries, The Bhittanni range
separates the Bannu basin from the Dera Ismail Khan basin.
The Suleiman range forms the western boundary of both the
Bannu basin and the D.I. Khan basin.

There are a great number of intermontane basins in the cen-
tral and southern parts of the Province. Some are no more
than flat-bottomed river valleys. Others, like the Peshawar
Vale and the Bannu basin cover thousands of square kilome-
tres. The Dera Ismail Khan basin is the northwestern corner
of the Indogangetic plain, which runs in front of the Himala-
yas from the Sulaiman range in NWFP to the western moun-
tain ranges of Burma in the east.

The relatively flat alluvial plains are the concentration points
of economic activity, almost entirely in the form of agricul-
ture, Most plains are crossed by one or more rivers, making
it possible to irrigate some of the soils. Moreover, the plains
are the sites with the best groundwater resources, for the
coarse alluvial deposits make good aquifers.

Rivers

With the exception of the Kunhar river in Mansehra District
which flows down the Kagan valley into the Jhelum River,
the whole Province drains into the Indus, The Indus river,
which rises on the Tibetan Plateau, passes through Gilgit
Agency and forms the boundary with the Kohistan District of
NWFP. It enters the province as it swings south and flows
between the Swat and Mardan Districts on the right bank and
the Districts of Kohistan, Mansehra and Abbottabad on the
left bank. Near Tarbela the Indus is dammed by the world's
largest earth-fill dam. The purpose of the reservoir is flood
regulation and electricity production. Downstream from a
point halfway between Tarbela and Attock the Indus forms
the boundary between NWFP and the Punjab, down to the
southern tip of the Dera Ismail Khan District. The only ex-
ception is the inlier of Isa Khel Tehsil of Mianwali District of
the Punjab, which is located on the west bank of the river at
the level of the Bannu basin.

The main tributaries of the west bank are the Kabul, Kurram
and Gomal or Luni rivers. The Kabul river rises in Afghani-
stan and in that country near Jalalabad it receives the water
from the Kunar river. The latter is called Chitral river in
Pakistan, where it drains the District of that name. The Kabul
river passes through the Khyber Agency and just before
entering the Peshawar Vale near Warsak it is dammed by a
multipurpose dam. The water from the reservoir is used for
the production of 250,000 kW hydroelectric power and for
irrigation in the Vale. Below the dam the river divides into
three branches: the Sardargah, Naguman and Shah Alam
rivers. Near Charsadda the Khiali river discharges into the
northern branch, the three branches converge and are joined
by the Bara river. The Khiali river is the continuation in the
Peshawar Vale of the Swat river, which drains the Swat and



Dir Districts, the latter through its tributary the Panjkora
river, The Bara river descends from the Khyber hills and
enters the Vale from the southwest near Jhansi Post. Down-
stream of Charsadda the Kabul river is also known by the
name Landai river. It passes through Nowshera town, where
it receives the Kalpani Nala, and it discharges into the Indus
near Attock.

The Kurram river rising in Afghanistan on the southern
slopes of the Safed Koh, passes through the Kurram Valley
and the lower Wazir hills and enters the Bannu basin through
the Kurram Garhi gorge. Five kilometres downstream of
Lakki it is joined by the Tochi/Gambila River, which drains
North Waziristan, It leaves the plain at Darra Tang and it
discharges into the Indus near Isa Khel.

The Gomal or Luni river has its origin in Baluchistan where
it is called Zhob river. It discharges into the Indus south of
the town of Dera Ismail Khan.

Besides the above-mentioned perennial rivers there are a
large number of ephemeral rivers that only carry water
during the rainy season and shortly afterwards, or even only
after individnal rainstorms,

Canals

In the North-West Frontier Province the use of river water
for the irrigation of crops is an age-old practice (Ahmad,
1974, Appendix A). The oldest method is the construction of
small diversions, kathas, that carry water when the river is
high. Canal irrigation started in the period of Moghul rule
(16th and 17th centuries) and received a big boost at the end
of the 19th and the beginning of the 20th centuries and again
after the independence of Pakistan.

In the Peshawar Vale the Joi Sheikh, Joi Zardad and Doaba
Canals date back to the Moghul period. After the British con-
quest, the first canal was taken out of the Kabul river in
1890. The canal's supply comes from a natural pool just
downstream of the gorge at Warsak. The capacity of this ca-
nal is 11.75 m3/sec (415 cusec). It feeds the Juri Sheikh Ca-
nal. At the same time (1872 - 1891) the Lower Swat Canal
was constructed. The headworks, built in 1915 - 1917, are lo-
cated near Alazi at Munda and consist of a barrage-type weir.
The Upper Swat Canal was constructed around 1915. It takes
off from Amandara in the upper reaches of the Swat river
and crosses the Malakand hills in a tunnel that is 3424 m
(11,234 feet) long and was designed to have a capacity of
68.5 m3/sec (2420 cusec). The present full supply discharge
of 51 m3/sec (1800 cusec) produces 20,000 kW of electric
power both at Jabban and Dargai. The culturable command
area is 103,000 ha (255,000 acres).

The reservoir behind the multi-purpose dam completed in
1960 on the Kabul river at Warsak serves a culturable com-
mand area of 47,400 ha (117,140 acres). The water is dis-
tributed by the Right Bank Canal, which at "R.D. 20,130"
bifurcates into a gravity flow canal with a capacity of

7.22 m3/s (255 cusec) supplying a culturable command area
of 24,303 ha (60,067 acres) and a lift canal with a capacity of
5.66 m3/s (200 cusec) supplying a culturable command of
18,660 ha (46,120 acres). The water is lifted into the canal
over a height of 49 m (160 feet). The Left Bank Canal has a
designed discharge of 1.27 m3/s (45 cusec) and a culturable
command area of 4,448 ha (10,993 acres).

The Pehur Main Canal, inaugurated in 1956, has a culturable
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command area of 17,870 ha (44140 acres) along the eastern
border of the Peshawar Vale. It takes off from the right bank
of the Indus river 8 km downstream of the Tarbela Dam.

In Bannu area the water from the Kurram river that enters the
basin through the Kurram Garhi gorge is used for irrigation.
The irrigation system dates back to the 16th century when
the Kurram-Gambila Doab was irrigated by private "Zamin-
dari” canals, which diverted water from the river by tempo-
rary bunds. The main artery of this age-old system is the still
functioning Katchkot Canal. The distribution system gave
priority rights to the upstream users, who fiercely opposed
any later plans for redistribution of the water supply that
would curb their unlimited rights to river water. Not until
1954 was a steady irrigation system on 43,300 ha (107,000
acres) established after a weir had been constructed across
the river at Kurram Garhi gorge. The reallocation of the
water permitted the increase of the irrigated area on the left
bank of the Kurram river to 10,520 ha (26,000 acres). In
1962 a storage reservoir of 114 Mm3 was completed on Bar-
ran Nullah to control flood water supplies, to enlarge the irri-
gated area and to generate 4000 kW electricity. The Barran
Nullah reservoir receives the runoff from the nullah and the
surplus supplies from the Kurram through the Baran Feeder
Channel at a maximum rate of 85 m3/sec (3000 cusec). The
water from the reservoir - which is now seriously silted up -
is distributed through the Marwat Canal that was designed to
provide a safe supply to 60,690 ha (150,000 acres) on the
Marwat plain.

Water from the Baran Nullah downstream of the dam is di-
verted by three canals that were built between 1890 and 1958
and are known as the Barran Lohra system. They command a
gross culturable area of 7560 ha (18,684 acres).

The Paharpur Canal in Dera Ismail Khan District has func-
tioned since 1934, It takes off from the Indus at Chasma and
flows in the Bilot creek where the old head of the canal was
located. As part of the Indus Basin Works a barrage was built
in the 1960s. The canal's present headworks are at the bar-
rage. In 1974 the culturable command was 39,650 ha (98,000
acres).

The Chasma Right Bank Canal (C.R.B.C.) is presently under
construction. The first phase of the project aims at bringing an
area of 52,000 ha (128,000 acres) under the command of a ca-
nal with a length at 83 km (52 miles). This area includes the
command area of the Paharpur canal which will become a
branch of the CRBC. In the second phase of the construction

- the canal will be extended by 38 km and the irrigated area will

thus increase by 38,000 ha (94,000 acres). During the last
phase the canal will be continued to Taunsa in Dera Ghazi
Khan District (Punjab). The total irrigable area of the project
in D.J. Khan District will then be 142,000 ha (350,000 acres).

1.5 POPULATION

At the beginning of this century the estimated population of
NWEFP was 4 million and Peshawar town was inhabited by
nearly 100,000 persons. At present, 15.7 per cent of Paki-
stan's population lives in NWFP and FATA, approximately
13.7 million in NWFEP and 2.6 million in FATA (see also
Table 2). The annual growth rate is about 3.3 per cent. About
14 million people or 85 per cent of the population live in the
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rural areas and only 2 million in the urban centres, with ap-
proximately 1.5 million in Peshawar. These figures do not in-
clude the several million Afghan refugees who have tempo-
rarily settled in NWFP.

The Pathans are the predominant ethnic group. Their lan-
guage is Pashtu which has two main dialects: a harder north-
eastern Pakhto and a softer southwestern Pashtu. The differ-
ences in language seem to correspond with a broad differ-
ence in tribal custom. In the urban centres the Urdu language
has gained some prominence and many people are bilingual.
Ethnically, the Pathans of the North-West Frontier Province
are closely related to the tribes of eastern Afghanistan.

Many of the amenities of modern life such as a safe water
supply, gas and electricity are available to only part of the
population.

Table 3 gives a breakdown of the housing units by source of
drinking water, lighting and cooking fuel, in the urban and
rural areas of NWFP in 1980,

1.6 ECONOMIC ACTIVITY

The statistics given in this section have been compiled from
data published by the Bureau of Statistics of the NWFP
(B.0.S., 1986a, 1986b and 1986c) and by the Department of
Agriculture of NWFP (Ullah Khan and Ullah Khan, 1986).
During the year 1985/1986 the working population of 10
years and older was mainly employed in agriculture (B.o.S,
1986¢) as can be seen in Table 4.

Agriculture

The cultivated area of NWFP is only 23 per cent of the total
land area and forest covers 13 per cent. The remaining area is
range lands, barren lands, high mountains, glaciers, built-up
areas, etc. Irrigated land and land currently fallow account
for 43 and 17 per cent of the cultivated area, respectively.
Figures are presented districtwise in Table 5.

Farms range in size from less than 0.4 ha (1 acre) to more
than 60 ha (150 acres). According to the Census of Agricul-

Table 2: Population of NWFP (excl. Afchan refugees) (Source: Bureau of Statistics, Govi. NWFP)

19871

1981 1981 1981
area km total pop urbam pop rural pop total
{(x 1000) (x 1000) {x 1000) x1000

Peshawar Division
Peshawar 4 001 2 282 849 1 433 2 810
Mardan 3 137 1 507 225 1 282 1 780
Kohat Division
Kohat 3 057 509 122 387 620
Karak 3 955 250 14 236 300
Hazara Division
Abbottabad 3 565 1 169 152 1 017 1 340
Mansehra 5 957 1 067 37 1029 1 220
Kohistan 7 581 465 - 465 860
D.I. Khan Division
Bannu 9 005 710 62 649 840
D.I. XKhan 4 391 635 117 519 790
Malakand Division
Malakand Agency 952 258 - 258 330
Dir 5 282 767 - 767 1 010
Chitral 14 850 209 - 209 260
Swat 8 788 1 203 38 1 145 1 580
Subtotal NWFP 74 521 11 061 1 165 9 396 13 740
Subtotal FATA 27 220 2 199 - 2 199 2 630
Grand total 101 741 13 260 1 165 11 595 16 370
Pakistan total 796 095 84 235 23 841 60 394
NWFP (incl. FATA)
as percentage of
total Pakistan 12.8 15.7 4.9 19,2

lEstimated






