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Preface

Water resources management has become key focus area in FATA

region due to enormous pressures on the resource in the scenario of

changing demography and climatic conditions. The war in Afghanistan

resulting in the influx of millions of Afghan refugees during the last

many decades and the displacement of local population from remote

tribal areas enhanced the pressure on the natural resources especially

the vegetative cover that caused degradation of watersheds and local

ecology. . The ecological changes have also resulted in increased

surface runoff causing erosion, reduced recharge to local and regional

aquifers and drying up of many springs and streams. 

The region is already facing issues of reduced water availability for

agriculture and domestic use, the former negatively impacting

livelihoods of local people and the latter having a negative impact on

the health of local people. It is with this perspective that “Water

Governance” has become a vehicle for sustainable development and

management of water resources is one of the priority areas.

It was in this context that the Project included undertaking a

comprehensive study to assess and map the water resources situation,

suggest mitigation measures and develop water quality standards for

irrigation, livestock and domestic. Pakistan Council of Research in

Water Resources (PCRWR), the premier organization in water in the

country was engaged to carry out this study. 

It gives me immense pleasure to report that the study has helped

achieve the following targets outlined in the Project Document: 

1. Water quality standards for FATA were developed after review of

world literature on the subject, WHO and Pakistan’s National Water

Quality Standards and the prevailing water quality situation in the

region.



2. Spatial mapping of surface and groundwater quality completed

using standard tools and procedures including field data collection,

GIS based remote sensing software and electrical resistivity

surveys. 

3. Major river basins and sub-basins along with their watershed

features including area, topography, vegetation, etc. delineated and

mapped. 

4. Socio-economic data collected and analysed through a well-

defined and field tested questionnaire.

5. Environmental protection strategies developed for vulnerable areas

by watershed modelling.

We feel that the report will fill in the missing gaps in information and

prove to be extremely useful in the future planning for water resources

development and management. The development of water quality

standards would also help in promoting better public health and greater

agriculture and livestock productivity.

Mahmood Akhtar Cheema 

Country Representative IUCN Pakistan
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Executive Summary

FATA is one of the most underdeveloped regions in the country. FATA

has long been a victim of neglect in respect of economic development

despite having a sizeable representation in the Parliament. The rugged

mountainous terrains, difficulty of access due to lack of good means of

communication, and the cultural reservations of the tribal population

against interference in their traditional lifestyle are some of the factors

historically responsible for FATA’s developmental neglect. Due to the

prevalent climatic characteristics, heavy population pressure, influx of

Afghan refugees during the last three decades and the current

insurgency and counter insurgency measures, the vegetative cover in

the watersheds is highly degraded. This has led to higher surface runoff

due to decreased infiltration of rainwater into the soil, reduced recharge

to aquifers, and drying-up of springs and other perennial sources of

water. 

PCRWR, under an agreement with IUCNP, carried out technical studies

for water resources in FATA for Water Governance project. These

studies mainly focused on formulating water quality standards for FATA,

spatial mapping of surface and groundwater quality, delineation and

mapping of river basins and sub-basins in FATA, characterization and

classification of parameters related to environmental protection, and

proposing environmental protection strategies for vulnerable areas.

The results indicated that the population of FATA is growing at the

growth rate of 2.41 annually. But the resources are not increasing at the

same rate, hence the existing resources are depleting with time. Most

of the people in FATA region rely on agriculture and livestock for their

livelihood but these sources of income have been diminishing over time

due to a complex system of correlating factors including political,

social, environmental and geographical. Changing global environmental

conditions has also impacted the region and the region has been

receiving less rain in the recent years which has lowered land use for

agriculture; rangelands have also dried up. 

Analyses of water quality sampling indicated that 97% sources were

unsafe mainly due to bacteria whereas 8% had higher TDS values, 8%

had  higher hardness, 11% with having Fluoride problems and 2% were

found contaminated with nitrate. The gastroenteritis diseases are

common as noted during the survey. The main reason of the bacterial



contamination also seems to be due to open

defecation in habitation areas and unprotected

well and water storage tanks.

The groundwater assessment survey showed the

depth of groundwater to vary from 15 ft. (Kurram

Agency) to 255 ft.(Mohmand Agency). The

average depth to water table was noticed in

Mohammad Agency as 175 ft. followed by North

Waziristan (133 ft.) and Khyber Agency (117ft). 

The geophysical analysis revealed that the

groundwater potential is generally available for

development in the surveyed agencies except at

few sites due to either prevalence of shale/clay or

shallow bedrock. On the average, Mohmand

Agency has with limited groundwater potential

(94 ft. depth column) whereas the maximum

potential is in Khyber Agency (624 ft. depth

column). Bajaur and South Waziristan agencies

are found to have respectively 320 and 373 ft.

potential depth column. The analysis of

geophysical surveys showed that there is no

issue of groundwater quality in Agency area of

FATA as far as TDS is concerned. In most

agencies, the TDS concentration in groundwater

is found to be less than 960 ppm which

represents good quality of groundwater excepts

Mohmand and North Waziristan agencies where,

groundwater of marginal quality exists at few

sampling sites with slightly high concentration of

TDS (<1526 ppm). 

The surface water potential has been estimated

at 106.85 m3/s during the period 2001-2014. It is

a good potential of surface water which can be

efficiently managed for sustainable water

resource planning in FATA. The analysis of

discharge hydrograph indicated an overall

increasing trend of all five rivers in FATA area.

However, the time series analysis of rainfall

variations revealed limited surface water resource

due to rainfall distribution which is less in the

lower part especially in South and North

Waziristan.

The% age of area coverage under bare soil /

rocks has averagely increased by 7.6% indicative

of the existence of deforestation phenomena

resulting in not only the loss of biodiversity but

also increasing risk of natural hazards such as

flash flooding and land sliding in terms of their

intensity. The Mohmand followed by North and

South Waziristan are top ranked prone agencies

due to deforestation. Few areas of Kurram and

Khyber agencies are also found prone to land

sliding because of steep slope (> 30% gradient). 

Based on the analysis of above mentioned

parameters, it is concluded that Mohmand, North

Waziristan, South Waziristan and Kurram are the

most vulnerable agencies to environmental

damage. For these areas, an immediate

consideration and adoption of reactive

approaches are required for environmental

sustainability of FATA area.

The following strategies are proposed to ensure

environmental sustainability in the FATA areas:

1. Develop an database/inventory of information

on assessment of water and environmental

resources;

2. Develop infrastructural, technological and

human resource capacity of the institutions

and stakeholders concerned;

3. Enact legislation for regulating the

development, use, management and

protection of water resources and ensure

enforcement of all laws, rules and regulation; 

4. Take steps to enhance public awareness on

the importance of water resources, use,

management and their protection

5. Integrate forest management, rangeland

management with watershed management

activities

6. Take water as a social commodity, following

an integrated approach for involving private

and public partners

7. Ensure Safe drinking water quality in FATA

through a robust monitoring system
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1.1 Problem Statement

North western border areas of Pakistan in the wake of

years of regional instability underpinned by decades of

poor governance have shaped the crisis unravelling.

Militancy while further weakening the already feeble

governance has also created insecurities and wide-ranging

socio-economic deficits. This has resulted in causing huge

population displacement and aggravating high levels of

vulnerability. The situation was further aggravated by the

floods of 2010. To assist in tackling the situation, life-

saving humanitarian, recovery and development efforts of

the federal and provincial governments, the military,

humanitarian agencies, donors and international financial

institutions (IFIs) were launched however without an

ecological lens.

1. IntroductionGhakhi Pass-Bajaur
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The influx of Afghan refugees during the last two

decades and the displacement of population from

the remote tribal areas enhanced the pressure on

the vegetative cover in areas where the displaced

temporarily settled. The watersheds have been

significantly degraded and in most cases reduced

to bare rock. The result is that due to ecological

changes, water retention capacity of the soil has

lost; soil erosion increased and increased runoff,

inflicting heavy damages on human life, property

and village infrastructure. The ecological changes

have also resulted in reduced recharge to local

and regional aquifers and drying up of many

springs, streams and perennial water courses is

being witnessed. 

Due to lack of understanding on ecological

dimensions, the projects formulated by the line

departments and directorates do not take into

consideration the impacts that projects would

have on environment especially in the context of

sustainable land and water management. The

lack of technical capacity to address

environmental issues is evident from the planning

documents and implementation of projects in

FATA. 

At the institutional level where conception of

schemes and development planning takes place,

there are no environmental measures aided by

institutional capacities, necessary toolkits,

guidelines and checklist to guide the

development process towards ecologically

sustainable changes.  

The above scenario of weak institutional and

technical capacities, environmentally insensitive

development planning and implementation,

degraded watersheds, the ecosystems inability to

ensure surface water supplies, continuous

overexploitation of groundwater resources

beyond the recharge capacity, and contamination

of water sources are indicators of skewed

planning and lack of understanding of the overall

environmental aspects. It is feared that soon the

area may face an ecological and environmental

disaster if an appropriate level of awareness is

not raised, capacity issues are not addressed,

and planning and implementation of projects and

interventions do not factor in environmental

concerns.

The FATA Secretariat in 2015 established an

Environment Cell to ensure that environmental

concerns and measures are taken care of in the

preparation of development schemes. The Swiss

Agency for Development Cooperation (SDC)

extended financial support and IUCN Pakistan

provided technical support to strengthen the

FATA Environment Cell under a project “Water

Governance in FATA (Environment Cell)”.

The main purpose of the project is to develop

and enhance the technical capacities of the FATA

Secretariat and relevant departments at the

Agency level to institutionalise proper planning

and monitoring of development investments that

contribute to ecological sustainable changes with

focus on water governance issues in FATA.

As a part of this project, Environment Cell FATA

through IUCN Pakistan engaged Pakistan Council

of Research in Water Resources (PCRWR) to

undertake a technical study comprising following

components;

i. Review of existing water quality standards in

KP and other areas of Pakistan and formulate

implementable water quality standards for

FATA for domestic, agricultural and livestock

water use;

ii. Spatial mapping of surface and groundwater

quality for the 07 (seven) agencies using GPS

for geo-referencing of samples taken;

iii. Delineation and mapping of river basins and

sub-basins in FATA; and

iv. Characterization and classification of

parameters related to environmental

protection at the basin and/or sub-basin

levels.

1.2 Scope of Work

The PCRWR was required to undertake the

following activities under the contract relating to

the above four components:

i. Review of existing water quality standards in

KP and other areas of Pakistan and formulate

implementable water quality standards for



FATA for domestic, agricultural and livestock

water use. This involves:

a. Review of existing water quality

standards in KP and other areas of

Pakistan to make a comparison with the

PSQCA standards and WHO guidelines

for domestic, agricultural and livestock

water use;

b. Review the standard methods/procedure

being used for formulating standards for

any particular region keeping in view the

socio-economic conditions and other

factors;

c. Review water quality situation of critical

parameters in FATA; and

d. Develop implementable water quality

standards for FATA for water user sectors

identified earlier.

ii. Spatial mapping of surface and groundwater

quality for the 07 (seven) agencies using GPS

for geo-referencing of samples taken from the

sampling frame. This would involve:

a. Preparation of uniform and sizeable grid

size for identification of sampling points;

b. Collection of water samples (surface and

groundwater) from the identified locations

and transportation to the PCRWR

laboratory as per standard procedures; 

c. Undertaking Electrical Resistivity Surveys

up to depth of 300 meter at the selected

sites and thereof carry out analysis of the

ERS data and thereby groundwater

quality mapping;

d. Performing microbiological tests through

field testing kit of the collected samples;

e. Analysing physical and chemical

parameters (TDS, Turbidity, Colour, Smell,

Alkalinity, Arsenic, Bicarbonate, Calcium,

Carbonate, Chloride, Conductivity,

Hardness, Magnesium, Nitrate, pH,

Potassium, Sodium, Sulphate,

Phosphate, Fluoride, Iron); 

f. Collect baseline data from the identified

locations through a well-defined

questionnaire and field observations;

g. Take GPS reading and photographs (if

allowed) where necessary; and

h. Prepare spatial mapping of surface and

groundwater quality.

iii. Delineation and mapping of river basins and

sub-basins in FATA. This involves:

a. Collating and reviewing existing maps

and information;

b. Preparing a base map to analyse the

hydrology (streams, rivers, etc.) of the

study area required for the delineation of

different river basins / sub-basins;

c. Delineating major basins and sub-basins

along with their major watershed features

including area, topography, vegetation,

etc.);

d. Identifying suitable sampling

points/locations for soil and land use/

land cover survey;

e. Developing and verifying on ground land

use/land cover to map the latest changes

in the study area;

f. Conducting field surveys for soil sampling

to characterize the soil conditions and

transportation to lab for analysis;

g. Performing laboratory analysis for soil

physical and hydrological characteristics

(texture, infiltration rates, moisture

retention, etc.);

h. Collecting socio-economic data from the

identified locations through a well-defined

and field tested questionnaire;

i. Taking GPS coordinates and photographs

(if allowed); and

j. Analysing the climatology of the area to

study the climatic variations to help

conductwatershed modelling to simulate

the watershed hydrology at each basin/

sub-basin scale.

iv. Characterization and classification of

parameters related to environmental

protection at the basin and/or sub-basin

levels. This involves:

a. Spatial environmental mapping, and

identification of most vulnerable areas

prone to environmental impacts; and

b. Preparing environmental protection

strategies for vulnerable areas.
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v. Coordination and documentation of activities

such as:

a. Keeping close coordination with the IUCN

designated officer, FATA Environmental

Cell, P&D Department, FATA Secretariat

and local administration; and

b Developing comprehensive reports on

each of the components with substantive

evidence of activities undertaken with

good quality pictures, feedback received

from the target groups, implementation

challenges and lessons learnt.

vi. Development of comprehensive reports on

each of the components with substantive

evidence of activities undertaken with good

quality pictures, feedback received from the

target groups, implementation challenges and

lessons learnt.

1.3 The Project Area

FATA is one of the most underdeveloped regions in

the country. FATA has long been a victim of neglect

in respect of economic development despite having

a sizeable representation in the Parliament. The

rugged mountainous terrains, difficulty of access

due to lack of good means of communication, and

the cultural reservations of the tribal population

against interference in their traditional lifestyle are

some of the factors historically responsible for

FATA’s developmental neglect.

Target Area for the study comprises of seven

agencies of FATA - Bajaur, Mohmand, Khyber,

Orakzai, Kurram, North Waziristan and South

Waziristan. These agencies are located between

the border of Pakistan and Afghanistan and the

settled areas of KP (Figure 1.1).

Figure 1.1: Project Area of FATA
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The population of seven agencies of FATA was

2.9 million as per 1998 Census and growth rate in

these agencies during 1998-2017 was 2.16 %

per annum. The census data of 2017 indicates

that the total population of seven agencies of

FATA has increased to 4.6 million people; average

annual growth rate of 2.16 %. 

Most of FATA falls in arid and semi-arid climates

and mean annual rainfall ranging from 250 to 350

mm, with some areas in the central part of FATA

receiving 500 to 1000 mm. The snowfall is hardly

measured in the higher elevations and it is a

sustainable resource for recharging groundwater.

The main income generating activity in the region

is agriculture followed by livestock, mining, etc.

Due to the prevalent climatic characteristics,

heavy population pressure, influx of Afghan

refugees during the last three decades and the

current insurgency and counter insurgency

measures, the vegetative cover in the watersheds

is highly degraded. This has led to higher surface

runoff due to decreased infiltration of rainwater

into the soil, reduced recharge to aquifers, and

drying-up of springs and other perennial sources

of water. Most of the high intensity and longer

duration rain storms have resulted in increased

frequency and intensity of floods. The effects of

climate change in the wet mountainous regions of

Pakistan in terms of rise in temperature; change

in rainfall patterns and reduced availability of

water are also influencing the health of the

people within boundaries of ecological zones.

Thus the natural resource use including water will

have to deliberately adapt to the changing

circumstances. 

The mountainous terrain is broken by small

basins or valleys, dotted with settlements and

agricultural fields. The area can be divided into

the northern, central and southern regions.

The northern zone consists of the Bajaur and

Mohmand agencies. The hills form a transition

zone between the Hindukush-mountains,

Piedmont plains and lowlands. Here, the Jandool

River and its tributaries join the Panjkora River.

Towards the south, the Kabul River collects the

outflow from local Rivers.  

The central region covers the Khyber, Kurram and

Orakzai agencies. The Kurram River flows

northwest to south-east, entering North

Waziristan and eventually joining the Indus River.

In Orakzai Agency, the Khanki and Mastura

streams flow to the east to meet the Bara River.

The towns of Bara and Khajuri form a plains area

from where the Bara River and its tributaries join

the Kabul River near Peshawar. To the north of

the Kabul River stand the Mullagori and Shilman

hills. The fertile Bara, Khanki, Kurram and

Mastura valleys are home to the most extensively

cultivated land in FATA.

The southern region comprises the North and

South Waziristan agencies. Overall drainage in

this region is toward the east. The Gomal River

flows in the south, while the Kurram River passes

though the north. The Jandola, Kaitu and Tochi

are smaller rivers in this area. The spate irrigation

system is commonly practiced in these areas.

FATA lies on the cusp of two major climatic

systems, the monsoon to the east and the

Mediterranean towards the west. Most parts of

FATA are arid and semi-arid, with warm summers

and cool winters, although some areas in Kurram

and Orakzai agencies fall within the humid and

sub-humid zone. The pattern and character of

summer and winter rainfall is intermixed to such

an extent that it is difficult to determine which is

dominant. The area receives more winter

precipitation as a result of western disturbances

and some rain in summer from monsoon. Annual

rainfall varies considerably over the FATA region.

1.4 Water Resources

Management in FATA

The major water resource available in FATA is

surface water (i.e. floodwater, minor perennial

surface waters) diverted largely for agricultural

uses, as it constitutes over 90% of the total

available water. Groundwater is the minor and

scarce resource available in the FATA and most of

it has already been abstracted for multiple uses

rather there are cases of rapid lowering of water

table.  



Very little investment has been made in spate

irrigation even though this has the highest

potential in FATA for farming. No significant

investment has been made in developing the

concept of sustainable spate irrigation schemes,

which also results in recharging the groundwater

and reducing the peaks of floods, and thus flash

floods continue to cause damages to

infrastructure and agriculture.  

The lack of effective utilization of floodwater has

resulted in a tremendous pressure on the meagre

groundwater resources, which are being stressed

through over-abstraction resulting in lowering

water table. This combined with a network of

almost 3500 tubewells pumping groundwater has

led the water table lowered beyond the depth of

90 m. Dugwells are common since they harvest

shallow groundwater closer to the recharge

sources. The number of dug wells is almost same

as tubewells. It is feared that soon FATA agencies

may face an ecological disaster, if floodwater is

not used for spate irrigation and groundwater

recharge. On the other hand, the existing water

resources, both surface and groundwater are

being utilized inefficiently. The huge water

conveyance losses in earthen channels, inefficient

irrigation at the farm coupled with lack of

adoption of best practices of agriculture resulted

in reduced water productivity. The water

productivity has also to be seen in terms of

enhanced profitability at the farm level.  

1.5 The Implementation Partner

PCRWR is an apex national research organization

mandated to conduct, coordinate, and promote

research on all aspects of water resources.

Presently it is functioning as an autonomous

organization under the administrative control of

Ministry of Science and Technology. Having its

Head Office in Islamabad, the Council undertakes

its R&D activities in all the provinces through its 5

Regional Offices located at Lahore, Tando Jam,

Peshawar, Bahawalpur and Quetta. The Centres

are equipped with state of the art water and soil

testing laboratories, lysimeter stations,

experimental farms, groundwater investigation

cells, drainage installation machinery,

documentation and information facilities. Besides

it has established 18 water testing laboratories in

18 major cities of the countries.

PCRWR has contributed significantly in terms of

research and development activities in water

sector and has numerous achievements to its

credit. There are three major research areas of

the Council including water management, water

quality and desertification control. The major

achievements of the Council in water

management are: Groundwater quality and

quantity mapping in Thal, Chaj, Rechna and Bari

Doabs1, introduction of innovative rainwater

harvesting and artificial recharge techniques in

Balochistan,, initiation of low cost tile drainage

system over 2400 acres in Sindh, demonstration

of water conservation technologies at 12 pilot

sites throughout Pakistan, successful

experiments to grow rice on bed and furrows and

sprinkler irrigation system, construction of on-

farm water reservoirs (35 Nos.) in the northern

mountainous areas, crop water requirements of

major crops, etc.

Water quality is another important arena of

research. PCRWR has completed assessment

survey of over 10,000 water supply schemes,

training of 2688 professionals of water supply

agencies, water quality profile of rural areas (24

districts), establishment of National Capacity

Building Institute for Water Quality Management

at Islamabad with financial assistance of Korean

International Cooperation Agency (KOICA),

regular quarterly monitoring of bottled/mineral

water brands, and development of water testing

and treatment solutions, etc.

The success stories in desertification control have

also remained overwhelming. The deserts occupy

about 11 Mha of the country where even drinking

water is a problem. PCRWR has developed 12.21

million cubic meter of water through a network of

15
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144 innovative rainwater harvesting reservoirs

(500 million gallons per annum) and 35 deep

wells in Cholistan, Thar and Chagi-Kharan

deserts. It has also developed desertification

control technologies at 4 micro-research stations

at Dingarh, Naraywala, Hyderwali and Toba

Allahyar in the Cholistan, Mithi (Thar) and at

Chagai-Kharan desert.

Besides it launched mass awareness to promote

water conservation among water users by

preparing Urdu booklet on Islamic teachings for

conserving water; teacher-student guide in Sindhi

language; painting of message in Urdu on water

tankers, installing moppies, bill boards and bridge

displayed at appropriate locations, launching TV

and radio commercials, special supplements in

Newspapers, participating in live TV talk shows in

Urdu and Regional languages, showing puppet

shows in schools and broadcast from TV, airing

strolls for Cable network, etc. for saving drinking

and irrigation water, etc.

PCRWR has been collaborating with a number of

international organizations to provide services

and consultancies. The recent collaborations of

PCRWR have been with Commonwealth

Scientific and Industrial Research Organization

(CSIRO), United Nations Educational, Scientific

and Cultural Organization (UNESCO),

Agency(KOICA), Inter Islamic Network on Water

Resources Development and Management

(INWRDAM), United Nations University (UNU),

United Nations International Development

Organization (UNIDO), United Nations Children’s

Fund (UNICEF), World Health Organization

(WHO), International Centre for Agricultural

Research in the Dry Areas (ICARDA) etc. for

implementation of different water resources

development and management projects.

Besides, PCRWR is the Secretariat of

International Hydrological Programme (IHP) in

Pakistan. The infrastructure, expertise and

achievements of the Council are far above the

UNESCO’s requirements to implement such kind

of projects all across Pakistan. 

The above makes PCRWR a natural choice to

undertake this study.

1.6 Approach and Methodology

Keeping in view the scope of work, following

approach and methodology hasbeen adopted to

accomplish the scope of assigned work:

1. Existing water quality standards in KP and

other areas of Pakistan were collected and

reviewed for comparison with the PSQCA

standards and WHO guidelines for domestic,

agricultural and stock water use. Moreover,

standard methods/ procedure being used for

formulating standards for any particular

region were reviewed keeping in view the

socio-economic condition and other factors.

2. Water quality situation of critical parameters

in FATA was reviewed through already

available literature for development of water

quality standards for FATA.

3. Uniform and sizeable grid size was

developed for identification of sampling

points.

4. Water samples (surface and groundwater)

pertaining to physio-chemical and

microbiological parameters from the identified

locations were collected and transported to

PCRWR Water Quality Testing Laboratory

following standard procedure.

5. Electrical Resistivity surveys were conducted

up to depth of 300 meters at selected sites

and data were analysed for preparation of

groundwater quality maps. 

6. Spatial mapping of surface and groundwater

quality was done  through GIS software and

field collection of data.

7. Efforts were also made to collate all relevant

secondary data and information. 

8. GIS based remote sensing software was

used to prepare a base map to analyse the

hydrology (streams, rivers, etc.) of the study

area required for the delineation of different

river basins/sub-basins. In this map, major

basins and sub-basins along with their major

watershed features including area,



topography, vegetation, etc. have been

delineated. 

9. Based on the base map prepared, suitable

sampling points/locations were identified for

soil and land use/land cover surveys. Ground

land use/land cover data were verified on to

map the latest changes in the study area.

10. Field surveys were conducted for soil

sampling and on-ground verification for land

use/land cover. The collected data were

transported to laboratory for analysis. During

the survey, socio-economic data were also

collected through a well-defined and field

tested questionnaire.

11. Laboratory analyses were conducted at Soil

Physics Laboratory of PCRWR for soil

physical and hydrological characteristics

(texture, infiltration rates, moisture retention,

etc.).

12. Lastly watershed modelling was carried out

using relevant software to simulate the

watershed hydrology at basin/ sub-basin

scale. This led to the development of spatial

mapping and identification of most vulnerable

areas prone to environmental impacts, which

enabled development of  environmental

protection strategies for vulnerable areas.

All such methods, approaches and field

investigations along with data collection and

analyses are presented in separate sections of

this report, representing findings of each

component as per given scope of work. 

1.7 Limitations and Challenges

Following limitations and challenges are faced

during the field work:

i. Rainfall during the field work obstructed

conducting the resistivity surveya and

infiltration tests.

ii. Field teams were restricted to limited areas

by the concerned security agencies. 

iii. Undulated and rocky terrain adversely

affected field experimentation.

iv. Due to rocky terrain, it was a challenge and

time consuming exercise to access the area.

v. Surface water sampling from many streams,

seasonal streams and rivers was not possible

due to couple of reasons:

a. Some of those flow in “no go areas” 

b. Some flow in the steep valleys that there

is no accessibility from the road side.

c. The movement of teams were being

controlled by the law enforcement

agencies, and they were not permitted to

stay in between two pre decided points

to collect water samples.

vi. There exists no meteorological station of

PMD in FATA, therefore, Peshawar and DI

Khan stations data have been used.

vii. There exists no gauging point for stream flow

measurements; therefore, calibration of

model could not be possible.
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2.1 Background

Under the Constitution, FATA is included among the

territories of Pakistan (Article 1). It is represented in the

National Assembly and the Senate but remains under the

direct executive authority of the President (Articles 51, 59

and 247). Laws framed by the National Assembly do not

apply here unless so ordered by the President, who is also

empowered to issue regulations for the peace and good

government of the tribal areas. Today, FATA continues to

be governed primarily through the Frontier Crimes

Regulation 1901. It is administered by Governor of the KP

Province in his capacity as representative of the

Federation, under the overall supervision of the Ministry of

States and Frontier Regions in Islamabad.

2. Socio-Economics 
of FATA
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The knowledge on socio-economic condition of

the area is very important while looking into

various technical parameters including water

quality standards, water quality issues, soil and

hydrological characteristics, environment, etc.

Therefore, it was deemed necessary to conduct a

comprehensive socio-economic survey of the area.

2.2 Methodology for Socio-

economic Indicators

A socio-economic survey as component of the

project was conducted in the seven agencies of

FATA through a well-defined questionnaire

(Annexure-1). The study tried to explore basic

socio-economic parameters of the area e.g.

demography, health and health infrastructure,

literacy and educational infrastructure, housing

conditions and livelihood opportunities. Different

quantitative and qualitative approaches including

questionnaire, in depth interviews and focus group

discussions were used in data gathering process.

The socio-economic questionnaire was mainly

based on the existing data however the survey

questions were extended from quantitative to

qualitative and open ended questions to explore in

depth understanding of the socio-economic

situation of the area. The survey was conducted

with the major stakeholders of the area e.g.

community elders, tribal chiefs, religious and

political leaders, teachers and the community

members. The quantitative data were analysed

using SPSS-17 while the qualitative data were

analysed through thematic description of data.

Secondary data e.g. socio-economic survey

reports on FATA were also analysed to support and

validate field survey data. Major facts and figures

of socio-economic indicators in FATA from reliable

sources were also used in data analysis process

however, beyond the existing facts and figures the

study tried to explore logical reasoning.

2.3 Results and Discussion

2.3.1 Overall Status

2.3.1.1 Demographic Indicator

According to census data from 1998, the seven

agencies of FATA have  a population of roughly 2.9

million. Annual population growth in the period of

1998 to 2017 is calculated to be 2.16 per cent but

some agencies do not agree with this trend,

showing a decline during the same period

(explained in Agency wise data). Population

density for 1998 stands at 207 persons per square

kilometre in FATA agencies; there were however

wide variations between individual agencies. The

census data of 2017 indicate that the population of

seven agencies of FATA has increased to 4.6

million people. The male population of FATA

agencies is more than the female population. The

ratio of male population is 51.1% , which is slightly

more than female population%. 

2.3.1.2 Literacy Rate

Literacy rate is considered an important indicator

to development and prosperity of any society.

Literacy rate in FATA is 45.7%  in male population

and 11.5%  in the females. The extremely low

literacy rate in females is alarming. The main

reason for lower literacy rate and particularly in

females was explored as the cultural norms of the

locale which restrict females to go outside their

homes. However, other factors like non-

availability of schools, non-availability of teachers

(particularly female teachers) inaccessibility of

educational institutes, tribal conflicts, law and

order issues and terrorism have kindled the

situation in the area (Source: FATA Development

Household Indicator Survey 2013-14). 

2.3.1.3 Health Facilities

Health is the most important factor which plays

the key role in determining the productive human

capital. Better health improves the efficiency and

the productivity of the labour force and thus

ultimately contributes to the economic growth

and leads to human welfare. On the other hand,

there is a strong relationship between poverty

and poor health.

The directorate of health services FATA

secretariat keeps all the record of existing health

facilities in seven agencies of FATA which is

shown in Table 2.1. It is evident that there are 34

hospitals in FATA agencies which means only one

hospital for 136,587 people. The number of Rural



Health Centres is very less according to the

needs of population and only 6 RHCs exist in the

seven agencies and it means that there is only

one RHC for 773,994 people. The number of

Basic Health Units (BHU) seems to be

satisfactory. There are 137 BHUs providing health

facilities; thus there is one BHU for every 33,898

people. Community Health Centres are again in

good numbers compared to RHCs and hospitals

in the agencies. There are 168 community health

centres providing basic health facilities at

community level; one for 27,643 population.

There are a total of 28 hospitals specifically for

Tuberculosis (TB) patients in the region; One for

165,856 people. However, it is to be considered

that 28 TB hospitals in the region indicate the

high epidemiology of tuberculosis in the region.

The state run dispensaries provide first aid and

basic health necessities to the population at

community level. There are 341 reported

dispensaries that are working in the region and

providing basic health facilities ; one for every

136,119 people. 

2.3.1.4 Source of Drinking Water

Source of drinking water of a household indicates

the economic and social condition of the

household as well the community. The seven

agencies of FATA however vary in topographical

and geological features, so the dependency to

obtain drinking water from sources also varies

from Agency to Agency. The public health

directorate of FATA has been providing drinking

water through pipelines in the major towns of the

agencies where there is no underground water

available or the water level has depleted beyond

economic pumping. It is explored that 18%  of

households in 7 agencies are getting their

drinking water through pipelines managed by

public health engineering department of FATA.

However, Figure 2.1 shows that 36%  of the

population of 7 agencies of FATA are still using

traditional dug wells as a source of drinking

water. There are 7 %% households using ponds

as source of drinking water while only 3%

households are using hand pumps as major

source of drinking water. The major portion (36%)

of population  is still using traditional sources of

water including streams, river, flash floods

conservation and rainwater harvesting. 
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Hospital 34 136,587

RHC 6 773,994

BHU 137 33,898

Community Health Centre 168 27,643

TB Clinics 28 165,856

Dispensaries 341 13,619

Institute Level Total No. Population Served
by each

Table 2.1: Health Facilities Status

(Source: Directorate of Health Services FATA, 2015)

Figure 2.1: Percent households using different source of drinking water in FATA

(Source; 1998 census reports of FATA, Population Census Organization)
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2.3.1.5 Livelihood Opportunities

There are few livelihood opportunities available to

the people. The local economy is mainly pastoral,

with agriculture practiced in a few fertile valleys.

Most households are engaged in primary-level

activities such as subsistence agriculture and

livestock rearing, or small-scale business

conducted locally. Others are involved in trade

within the tribal belt or with down-country markets.

Women take active part in agricultural activities,

collect fuel wood and fetch water, besides

attending to household work and family duties. 

With few industries and only limited disorganised

mining in some areas, many seek employment as

short-term unskilled labourers or enlist in local

security and paramilitary forces. Those who are

able to travel find work in cities across Pakistan

as well as in the Middle East, using their earnings

to support families at home. The more highly

qualified among them have in many cases

migrated permanently along with their families to

urban centres outside the tribal areas, including

Bannu, Dera Ismail Khan and Peshawar. They and

their children are reluctant to return to FATA,

leading, among other things, to an acute shortage

of doctors, teachers and skilled workers.

2.3.2 Agency-wise Profile

2.3.2.1 Bajaur Agency

Area Profile: Bajaur has remained a semi-

independent territory prior to 1960 under the

influence of various Khans of territory. It was

declared a sub-division of Malakand Agency and

an Assistant Political Agent was appointed in

1960. However, later in 1973, Bajaur was

declared as a Federally Administrative Tribal

Agency. The Agency is subdivided into seven

sub-division; Salarzai, Tarkani, Mamund (Upper

and Lower), Charmang, Chamarkan, Khar, and

Nawagai. Khar is the major city and headquarters

of the Agency. 

Geographical Location: Geographically, Bajaur

Agency adjoins Malakand Agency on the south-

east, Dir district on the north-west, Mohmand

Agency on the south-west and Afghanistan on

the north-west.

Climate: There are great geological variations

within the Bajaur Agency as it is located at the

extreme end of Himalayan Range creating

uncertain monsoon rains from year to year. The

average annual rainfall is about 800 mm in Bajaur

Mano Dairay-Bajaur



Agency. The mountainous terrain of the Agency

receives extreme climates in winters and the

temperature falls to freezing point during

December and February. 

Population: According to 1998 census data the

total population of Bajaur Agency was about 0.59

million with the annual growth rate of 4.33% from

1981 to 1998. The total area of Bajaur Agency is

1290 sq km which means that 461 people were

living per sq. km in the Agency. However, the

census data of 2017 reported that the population

of Bajaur Agency has reached 1 million people

approximately. The male population of the Agency

was 51.3%% %  according to the 1998 census.

The 2017 census data shows a decline in the%

male population which now id 50.9%% % % . 

Health Facilities: There are only two hospitals in

the Bajaur Agency for providing health facilities

which means one hospital for 0.63 million people.

The Rural Health Centres in Bajaur are only 3,

providing facilities to 1 million people. There are

19 Basic Health Units in different town of the

Agency. There are 11 community health centres, 8

dispensaries and 3 tuberculosis hospitals also

working and providing health facilities in the

Agency (Source: Directorate of Health Services

FATA, 2015). It was identified that most of the

hospitals and other health centres of the Agency

lack qualified physicians, nursing and paramedic

staff, equipment and modern diagnostic and other

medical technologies. These health care centres

also lack medicines and treatment facilities for

complicated and chronic diseases. People of the

Agency have to either move to the big cities of KP

or Islamabad/ Rawalpindi for such treatment or

they use traditional treatment methods at home. 

Educational Facilities: There are 485 documented

primary schools of which 325 schools are for male

and 160 schools are for females. There are 45

middle level schools Agencyof which 27 are for

male and 18 are for females. The number of high

schools is 37, of which 29 schools are for males

and 8 schools are for females. There is only one

higher secondary school in the Bajaur for male

students while there is no higher secondary level

school for females.  However, there are 4 degree

colleges in the major towns of the Agency of

which 3 colleges are for male and one for females.

Likewise, the health facilities at hospital, the

educational institutes of the Agency also lack

qualified teaching staff, infrastructure, furniture,

equipment as well as enrolment ratio (Source:

Directorate of Education FATA, 2014-15).

Figure 2.2: Percent households using different sources of drinking water in Bajaur

(Source; 1998 census reports of FATA, Population Census Organization)
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Literacy Rate: Literacy rate in the both genders

of the Agency was estimated as 29.9%% in

males, while it was only 7.8%%  in females were

literate during the year 2014. The overall literacy

rate in the Agency was however 19.6% %  for

both genders (Source: FATA Development

Household Indicator Survey 2013-14).

Drinking Water Sources: In major towns of

Bajaur, Public Health Engineering Department of

FATA has been supplying drinking water through

pipelines and about 19% of the households in

Bajaur use this source for drinking purposes. The

majority of households (38%) is still using open

well as source of drinking water, while 5%

Agencyget their drinking water from ponds. Only

3% households Agencyuse hand pumps to get

their drinking water, while most households 35%

use other sources e.g. streams and rainwater

harvesting (Figure 2.2). 

2.3.2.2 Mohmand Agency

Area Profile: Mohmand Agency, adjacent to

Bajaur Agency, AgencyAgency was established in

1951. Earlier this area was under the

administrative control of Political Agent of Khyber.

The Agency headquarters is located in Ghalanai.

The major tribes of Mohmand Agency

are; Mohmand, Safi and Uthmankhel. The Agency

is subdivided into seven tehsils; Halimzai, Painiali,

Safi, Upper Mohmand, Barangg Khar, Yakaghund

and Ambar.

Geographical Features: Mohmand Agency is

bounded by Bajaur on the north, Malakand

division and Charsadda on the east, Peshawar

district on the south-east, Khyber Agency on the

south and it borders with Afghanistan in the west.

The total area of the Agency is 2,296 square

kilometres.

Mohmand Agency consists of rugged mountains

with barren slopes and widespread valleys along

the banks of the Kabul River. The sources of

income are very limited in general except from

agriculture and some trade/businesses. Most of

the locals are earning their livelihood in the

foreign countries especially at Gulf States. 

Demographic Features: The total population of

Mohmand Agency was approximately 0.3 million

according to the 1998 census. The male

population of the Agency at the time was

estimated as 175,404 (52.4%). The female

population was 159,049 (47.6%). However, the

census data of 2017 reported an increase of

overall population of Mohmand Agency to

approximately 0.4 million people. The male

population of Mohamand Agency decreased to

51.0% with corresponding increase in female

population to 49.0%. 

Health Facilities: There are only 2 hospitals in

the Mohmand Agency, 3 Rural Health Centres, 25

Basic Health Units, 36 Community Health

Centres, 3 Tuberculosis clinics and 19 community

level dispensaries. Unfortunately, the documented

health facilitation centres in the Agency likewise

whole FATA region lack of facilitating equipment,

infrastructure, physicians, medical and paramedic

staff and medicines. Most of the people of the

Agency seek health facilities from Charsadda,

Peshawar in serious conditions or go ahead to

Rawalpindi/ Islamabad in chronic conditions.

While they rely on traditional healing and home

remedies when they feel no need to consult a

medical professional (Source: Directorate of

Health Services FATA, 2015). 

Educational Facilities: There are total 447

primary level schools are documented in

Mohmand Agency of which 297 schools are for

boys and 150 schools are for girls. The numbers

of schools providing middle level education are

64 of which 42 are for boys and 22 are for

females. The number of high level schools is 30

of which 21 are for boys and only 9 schools are

for girls. There are only 2 higher secondary

schools in the Agency 1 for each for males and

females. However, there are 3 degree colleges of

which 1 is for women and rest 2 for men. In line

with the general pattern in FATA, the institutions

lack qualified teaching staff, equipment, and

infrastructure. The enrolment rate is also low. In

the past the institutions have 

been the main targets of terrorism in the 

Agency (Source: Directorate of Education FATA,

2014-15). 



Literacy Rate: It is estimated that about 27.9%

of population of the Agency literate while the large

proportion of population consisting 72.1%  is still

illiterate. It was further explored that literacy rate

in males of the Agency is higher as 41.3%  of the

male members of the Agency were found literate

in compare to females whom literacy rate found

only 10.8%  (Source: FATA Development

Household Indicator Survey 2013-14). 

Drinking Water Sources: The major source of

drinking water in Mohmand Agency was found

open wells as 67%  of the households in the area

were getting their drinking water from open wells.

The second largest source for getting drinking

water was found tap water or through pipeline

water supply provided public health engineering

department in major towns of the Agency. Many

of the households in the Agency still rely on

ponds for getting water for drinking purposes

while there are very few household having 4%  of

total households of the Agency who were using

hand pumps as source of their drinking water.

Remaining 8%  of the households were those

who were using other sources except the

mentioned source for drinking purpose e.g.

stream water, rainwater harvesting or perennial

water sources 

(Figure 2.3). 

2.3.2.3 Khyber Agency

Area Profile: Khyber Agency had been and is of

a great political and strategic importance since

centuries because of its geographical location.

The major tribes of Khyber Agency are Afridis,

however other tribes like Mullagoris, Shilmani,

Bangash and Shinwaries also are in good

numbers. The Agency has been divided into three

Tehsils; Bara, Jamrud and Landi Kotal. 

Geographical Features: Khyber is located in the

north west of Pakistan and is bounded by

Afghanistan in west, Peshawar in the east,

Orakzai in south, Kurram in south west and by

Mohmand Agency in the north. 

Demographic Features: The total population of

Khyber Agency according to 1998 census was

approximately 0.5 million people of which 52.1%

was male while the 47.9%  population were

females. However, the 2017 census report

indicates that the total population of Khyber

Agency has increased to approximately 0.9

million people of which 51.2%  are male while

48.8%  are female.  Population density for

Khyber Agency is estimated 383 person per sq.

km. at the time of census 2017. 

Health Facilities: There are 4 working hospitals

in Khyber Agency each for every .27 million of

Figure 2.3: Percent households using different sources of drinking water in Mohmand Agency

(Source; 1998 census reports of FATA, Population Census Organization)
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population. Unfortunately, there is no Rural Health

Centre in the Agency for providing health

facilities. However, there are 13 Basic Health

Units in the Agency of which each covers 84026

population. There are 17 Community Health

centres at community level, 26 dispensaries while

4 tuberculosis clinics working in the Agency. The

directorate of health FATA is responsible to

manage all the health facilitation centres in FATA

as well as in Khyber Agency. Khyber Agency is

adjacent to Peshawar city and many people of

the Agency mostly seek health facility from

Peshawar due to easy accessibility compare to

other agencies (Source: Directorate of Health

Services FATA, 2015). 

Educational Facilities: There are total 327

numbers of primary schools in Khyber of which

198 schools are for boys and 129 schools are for

girls, 26 numbers of middle schools of which 14

for boys and 12 for girls, 27 numbers of schools

of which 23 are for boys while only 3 are for girls,

4 higher secondary school of which 2 schools are

for each gender. There are total 4 numbers of

degree colleges of which 3 colleges are for men

and 1 is for women (Source: Directorate of

Education FATA, 2014-15). 

Literacy Rate: Khyber Agency is the most literate

of all the Tribal Areas, with a literacy rate of

49.4% . It is also the only Agency where the

majority of its men are literate, at 76.3% .

However, unlike the literacy rate in men, the

literacy rate in females found very disappointing

as 16.6%  of its females are literate (Source: FATA

Development Household Indicator Survey 2013-

14). 

Drinking Water Sources: Majority of the

households of Khyber Agency depend on the

open sources of drinking water. It is explored that

41%  of the households are getting their drinking

water from the open wells, 26%  of the

households were getting their drinking water from

sources like, streams and rain water harvesting,

24%  households use water supply pipeline for

drinking purposes, 8%  households use pond

water while only 1%  of the households of the

Agency are using Hand Pumps for drinking

purposes (Figure 2.4). 

2.3.2.4 Orakzai Agency

Area Profile: Orakzai takes its name from their

ancestor Sikander Shah, who was exiled prince

of Iran and lost in the areas which consist now

Kurram, Orakzai and Tirah Valley. He was then

Figure 2.4: Household source of drinking water in Khyber Agency

(Source; 1998 census reports of FATA, Population Census Organization)



married here and ruled over Tirah. Orakzai was

the formal part of Kohat district and was declared

as FATA in 1973. The Orakzai Agency consists of

two sub-divisions: Upper sub-division and Lower

sub-division. The Upper sub-division comprises

two Tehsils, Upper Tehsil and Ismailzai Tehsil,

while the Lower sub-division also has two Tehsils,

Lower Tehsil and Central Tehsil.

Geographical Features: Orakzai Agency is

bounded in the north by Khyber Agency, in the

east by FR Kohat, in the south by Kohat and

Hangu districts, and in the west by Kurram

Agency. The total area of the Agency is 1,538

square kilometres.  

The valley is flanked by mountain ranges 6,000 to

7,000 feet (2,100 m) high. Orakzai Agency is the

second smallest in area after Bajaur Agency

among the seven agencies. The whole of the

territory of Orakzai Agency is a mountainous tract

divided by numerous dry water courses,

especially in the south-western part of the

Agency. The two major streams are the Mastura

River and Khanki Toi River, both of which

originate from the hills to west and run the east.

Orakzai Agency is characterized by intensely cold

winters and mild summers. December, January

and February are the coldest months and

snowfall occurs in these months. Summers are

mild and the maximum temperature does not go

above 30 degrees Celsius. Surrounding

mountains are covered by dense and thick

forests, which produce a cooling effect in

summer. Due to geographical position of Orakzai

and its thick forest cover, it rains throughout the

year. In winter, the precipitation is in the form of

snowfall over the surrounding mountains as well

as in valley itself. There is no rain gauge, but

rainfall is estimated to be around 36 inches (910

mm) per year.

Population Statistics: Total population of

Orakzai Agency was approximately 0.24 million

inhabitants in 1998 census. The ratio of both

genders was almost equal at that time. The

census data of 2017 indicates that the total

population of Orakzai Agency has slightly

increased to 0.25 million people. The male and

female population of the Agency possess almost

equal weightage where male of the Agency make

50.1%  and female make 49.9%  of total

population. 

Health Facilities: There are total 3 hospitals in

the Orakzai Agency providing health care

facilities. There are 2 Rural Health Centres 25

Basic Health Units and equal are Community

Health Centres which provide health service to

the population. The number of tuberculosis

clinics in the Agency is 6 while there are 30

dispensaries are working in Orakzai (Source:

Directorate of Health Services FATA, 2015). 

Educational Facilities: There are total 220

primary schools in Orakzai of which 134 schools

are for boys and 86 schools are for girls. There

are total 15 middle level schools of which 8 are

for boys and 7 are for girls, high schools in the

Agency are 20 in numbers of which 14 schools

are for boys and 6 schools are for girls. There is

only 1 boys higher secondary while 1 degree

college for women in the Agency (Source:

Directorate of Education FATA, 2014-15). 

Literacy Rate: The overall literacy rate in Orakzai

Agency is recorded 34.6 for both genders,

whereas 48.7%  males were found literate and

17.3%  females were literate (Source: FATA

Development Household Indicator Survey 2013-

14).

Drinking Water Sources: Majority of the

households of Orakzai Agency get their drinking

water from unsafe and open sources. It is

explored that 30%  of the household are using

wells as source of drinking water, 29%  of the

household are getting their drinking water from

unreliable sources e.g. streams. The public health

engineering department likewise other agencies

is also providing drinking water through pipelines

in the major towns of the Agency. It was explored

that 21%  of the households of the Agency were

getting their drinking water from pipelines while

there were few households with 1%  of the total

household were using hand pumps for drinking

water (Figure 2.5). 
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2.3.2.5 Kurram Agency

Area Profile: Kurram Agency is one of the

important Agency of FATA. There are three tehsils:

Upper Kurram, Lower Kurram and FR Kurram. 

Geographical Location: Kurram Agency is

located in the north west of Pakistan. It borders

Afghanistan in the north and west, Kohat district

in the southeast, North Waziristan in the south

and Khyber and Orakzai Agencies in the east. The

principal river is the Kurram river, which enters the

Agency in the northwest, flows due east, for about

ten miles, then turns southeast and finally south,

leaving the Agency by Chappri. Principal

tributaries of the Kurram are the Kirman and

Khurmana. All are subject to flooding, leading to

erosion of the agricultural land on their” banks.

The northwestern tehsil of Upper Kurram is

characterized by the very high Safed Koh

mountains in the north, the Parachinar plain, and

the Kurram river acting as a boundary with Lower

Kurram. Much of the plain is barren due to the

lack of water but annual floods have cut sharp

ravines through the basin. The southwestern tehsil

off Lower Kurram is characterized by the fertile

Kurram river valley, with hills on either side. The

third tehsil of FR Kurram which lies to the east is

very hilly, with limited agricultural land and water.

Population Statistics: According to 1998 census

the total population of the Kurram, Agency was

approximately 0.44 million persons of which gender

ratio was almost equal to each other. Total male of

the Kurram Agency at the time were 229634

persons which were 51.2%  of the total while the

females of the Kurram Agency were 218676

persons which were total 48.8%  of total. The

population density of the area at the time were 133

person/sq km. While according to census report of

2017 the total population of Kurram Agency has

reached to approximately 0.61 million people of

which 49.8%  are male and 50.2%  are female.

Health Facilities: There are only 4 hospitals in

Kurram Agency for the estimated population of

0.61 million. There is no existing Rural Health

Centre in the Agency while there are 22 Basic

Health Units are working in the locale. Unlike the

other agencies, there is only 1 community Health

Centre is available in whole Agency. There are

total 3 tuberculosis clinics and 49 dispensaries

according to directorate of health services FATA.

Parachinar being the major town of the Agency

have more facilities of health compare to other

towns and receives more patients from whole of

Agency (Source: Directorate of Health Services

FATA, 2015). However, people of Kurram seek

health facilities from Peshawar, Hangu and Kohat

in critical conditions. 

Educational Facilities: There are total 412 primary

schools in Kurram of which 268 schools are for

Figure 2.5: Household source of drinking water in Orakzai Agency

(Source; 1998 census reports of FATA, Population Census Organization)
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boys and 144 schools are for girls. The total

number of middle level schools in the Agency are

49 of which 32 schools are for girls and 17 schools

are for girls. High schools in the Agency are 50

and of which 39 schools are for boys and 11

schools are for girls. There is only 2 higher

secondary schools, 1 for each gender in the

Agency. Number of degree colleges in the Agency

are 6 of which 3 are for men and 3 are for women

(Source: Directorate of Education FATA, 2014-15). 

Literacy Rate: Kurram Agency is at second number

in literacy rate after Khyber Agency. The total

combined literacy rate in Agency is estimated

34.8%  in both genders while 53.5%  of the male of

the Agency are estimated as literate and 12.5%  of

females were estimated as literate (Source: FATA

Development Household Indicator Survey 2013-14). 

Drinking Water Sources: A large proportion of

households in the Kurram Agency use open

sources of drinking water. It is explored that 43%

of the households were getting drinking water

from streams and other open sources. A small

number of household 28%  were getting drinking

water from water supply lines, 20%  of the

households were getting their drinking water from

open wells, 7%  household use pond water as

source of drinking water while only 2%  of the

households were reported using hand pumps as

source of drinking water (Figure 2.6). 

2.3.2.6 North Waziristan

Area Profile: North Waziristan is the northern part

of Waziristan.  (FATA). Miranshah is capital of North

Waziristan.  The region became an independent

tribal territory in 1893, remaining outside of the

British Empire. Tribal raiding into British territory

was a constant problem for the British, requiring

frequent punitive expeditions between 1860 and

1945. The region became part of Pakistan upon its

independence in 1947. The main tribes of the

Agency are Daur, Wazir and Tori Khel.

Geographical Location: The Agency is bound on

the North by Kurram Agency and Kohat, on the

East by Kohat and Bannu, on the South-by-South

Waziristan Agency, and on the West by

Afghanistan. The Agency has an area of 4707 Sq:

Km. Due to rugged terrain, the Population tends

to Cluster in Areas where there is arable land.

Miranshah is the most densely populated Tehsil

of the Agency. The Agency is cold in winters with

snowfalls in certain places and mild hot in

summers. The Agency Head-Quarter at

Miranshah appears to receive around 10” to 13”

of rain annually. 

Population Statistics: The total population of

North Waziristan according to 1998 census was

approximately 0.36 million persons of which

192432 persons were male comprising 53.3%

while 168814 persons were female comprising

Figure 2.6: Household source of drinking water in Kurram Agency

(Source; 1998 census reports of FATA, Population Census Organization)



46.7%  of total. The census data of 2017 reported

that the total population of North Waziristan

Agency has increased to approximately 0.54

million people of which 51.6%  is male population

whereas 48.4 is female population. 

Health Facilities: There are total 9 hospitals, 1

Rural Health Centre (RHC) while there are 16 Basic

Health Units (BHU) are working in the Agency. The

number of Community Health Centres in Agency

are 48 while there are 5 clinics for tuberculosis

patients. There are 153 dispensaries are also

working in the Agency (Source: Directorate of

Health Services FATA, 2015). 

Educational Facilities: There are 817 primary

schools registered in the North Waziristan Agency

of which 441 schools are for boys and 376

schools are for girls. The total number of middle

schools in the Agency are 79 of which 50 for boys

and 29 for girls. The number of high schools in the

Agency are 38 of 29 are for boys and 9 are for

girls. There is only 1 higher secondary school for

boys in the area. The degree colleges in Agency

are only 2 and for boys only (Source: Directorate

of Education FATA, 2014-15). However, the

number of registered educational institutes in the

Agency seems to be reasonable according to

population but unfortunately most of the schools

and educational institutes are not in working

conditions. There is either no teaching staff

available, no infrastructure, accessibility issue,

cultural constraints or fundamentalism in the area

is responsible for low educational facilities.  

Literacy Rate

The overall literacy rate in the North Waziristan is

estimated as 16.2%  of its total population is

literate. The literacy rate in male is higher than

females. The literacy rate among males of the

Agency is estimated 26.2%  of males of the Agency

are literate while only 3.15%  of females are literate

and rest are illiterate (Source: FATA Development

Household Indicator Survey 2013-14).

Drinking Water Sources: The major source of

getting drinking water in North Waziristan is from

rainwater harvesting, streams and rivers. The chart

shows that major portion of households 40%  use

these sources as their drinking water need.

Another large portion of households 37%  use

traditional wells as source of their drinking water.

There are only 18%  of households in Miranshah

and Mir Ali are getting their drinking water from

state provided water supply lines. There are 2%  of

household also use hand pumps as source of

drinking water. While remaining 3%  of households

get their drinking water from ponds (Figure 2.7). 
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Figure 2.7: Household source of drinking water in North Waziristan

(Source; 1998 census reports of FATA, Population Census Organization)
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2.3.2.7 South Waziristan

Area Profile: South Waziristan is the southern

part of Waziristan. The region was an

independent territory from 1893, remaining

outside of British ruled empire and Afghanistan.

Troops of the British Raj coined a name for this

region “Hell’s Door Knocker” in recognition of the

fearsome reputation of the local fighters and

inhospitable terrain. The region became part of

Pakistan in 1947. 

Geographical Location: Waziristan is a

mountainous region of northwest Pakistan that

covers some 11,585 km² (4,473 mi²). Waziristan

comprises the area west and southwest of

Peshawar between the Tochi River to the north

and the Gomal River to the south, forming part of

Pakistan’s (FATA). The Khyber Pakhtunkhwa lies

immediately to the east. 

Population Statistics: According to census

report of 1998 the total population of South

Waziristan Agency was 0.36 million with the

annual growth rate of 1.9%  since 1981. The total

number of male at the time were 53.3%  of the

total population and were 192432 persons. The

number of female were 46.7%  and were 168814

persons. However, the census report of 2017

indicates that the total population of the Agency

has increased to approximately 0.67 million

people of which 52.7%  is male population while

47.3%  is female population. 

Health Facilities: The number of hospitals in

South Waziristan Agency are 10, providing health

facilities while there is no Rural Health Centre in

the area. There are 17 Basic Health Units in

different towns and villages are also facilitating the

local inhabitants with health care facilities. There

are only 2 Community Health Centres and 4 clinics

for tuberculosis patients. However, there are 56

dispensaries are also working in the area to

provide basic health care facilitation to people

(Source: Directorate of Health Services FATA,

2015). The overall condition of health care facilities

at South Waziristan is not good and insufficient as

per the requirement. Most of the health care centre

lack of medicines, physicians, technical staff and

infrastructure. While there is no facility for the

treatment of chronic and complicated health

conditions. Most of the people of the area visit

private health care providers for seeking health as

they have equipped their clinics with modern

equipment. However, in case of critical conditions,

patients are still referred to Tank, Bannu, Dera

Ismail Khan, Multan and Peshawar for treatment. 

Educational Facilities: There are total 207

registered primary schools are in South

Waziristan of which 131 schools are for boys and

76 schools are for girls. The number of middle

level schools in the Agency are total 31 of which

20 schools are for boys and 5 schools are for

girls. There are total 18 number high level schools

in South Waziristan Agency of which 13 schools

are for boys and 5 schools are for girls while

there is only 1 boys higher secondary school is

working in whole of Agency. Degree colleges in

the Agency are 4 in numbers of which 3 degree

colleges are for men and 1 is for women (Source:

Directorate of Education FATA, 2014-15).

Literacy Rate: The total literacy rate in South

Waziristan, unexpectedly is 31.1%  despite of low

educational facilities compare to other agencies.

It is reported that 43.7%  of its male are literate

while 12.3%  of its females are also literate

(Source: FATA Development Household Indicator

Survey 2013-14). 

Drinking Water Sources: The condition of drinking

water sources in South Waziristan is worse than

any other Agency. The chart shows that only 8%

of household use water supply pipelines as source

of drinking water. There are 4%  of households

which use Hand Pumps as source of drinking

water. The 5%  of households get their drinking

water from ponds while 19%  of the household get

their drinking water from traditional wells. However,

major portion of households 64%  use other

sources e.g. streams, rivers, springs and rainwater

harvesting as source of drinking water (Figure 2.8). 

2.4 Conclusions

FATA is one of the most vulnerable regions of the

Pakistan. The results of socio-economic survey

indicate that the population of FATA is growing at



the growth rate of 3.1% annually. But the

resources are not increasing at the same rate,

hence the existing resources are depleting by the

time. For example, productive land use in FATA

has reduced over time. Educational, health,

communication and livelihood infrastructure has

become worse. Most of the people in FATA region

rely on agriculture and livestock for their

livelihood but these both major sources of

income have been deteriorating. Consequently,

the social and economic condition of the people

of FATA is declining and most of the people in the

region are poor. Livelihood, literacy, health,

clothing and housing conditions of the people are

very poor. For water, most agencies are

dependent on surce water is rivers or ponds. Due

to depleting groundwater wells are seldom used.

This deterioration of resources is not just because

of one single reason but it is a complex system of

correlating factors including political, social,

environmental and geographical. This area has

been under great stress of Afghan War in the

1980s and sheltered millions of refugees who

also consumed its resources but no coping

strategies were made at the time. Moreover, the

area has been one of the frontline battlefields of

the “War against Terrorism”. The area  remained

under the control of terrorist and militant groups

with no or limited government writ of law since

2001 which caused displacement of millions of

people from their land, a process that continued

for years. Consequently, the whole infrastructure

got demolished in this period. 

The whole region is arid and most of the

agriculture is dependent on rain. Changing global

environmental conditions have also impacted the

region, which is  receiving less rain in the recent

years causing reduced land use for agriculture;

productive rangelands also have dried up causing

low livestock productivity. 

Most of the FATA areas are bounded by the

mountains with no easy access or communication

facilities to major cities of Pakistan for marketing

of products. The local production rarely reaches

the regional or national market which causes great

economic loss to the local producer.  

Women are considered the major role player in

the development of any society; however, due to

strict social and cultural bindings, customs and

traditions, women are kept in households and are

not permitted to take part in any kind of outdoor

economic or social activities. Thus, a major

proportion of population is dependent on their

males and liable to consume major part of the

resources. Their role mostly is water carriers for

the whole family.
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Figure 2.8: Household source of drinking water in South Waziristan

(Source; 1998 census reports of FATA, Population Census Organization)
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3.1 Need for Standards

Water quality standards criteria are developed by

scientists and provide basic scientific information about

the effects of water pollutants on a specific water use.

They also describe water quality requirements for

protecting and maintaining an individual use. Water quality

standards are based on variables that characterise the

quality of water. Many water quality standards set a

maximum level for the concentration of a substance in a

particular medium (i.e. water, sediment or biota) which will

not be harmful when the specific medium is used

continuously for a single, specific purpose. For some other

water quality variables, such as dissolved oxygen, water

quality criteria are set at the minimum acceptable

concentration to ensure the maintenance of biological

functions.  

3. Water Quality 

Standards for FATA
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Most industrial processes pose less demanding

requirements on the quality of freshwater and

therefore criteria are usually developed for raw

water in relation to its use as a source of water

for drinking-water supply, agriculture and

recreation, or as a habitat for biological

communities. Criteria may also be developed in

relation to the functioning of aquatic ecosystems

in general. The protection and maintenance of

these water uses usually impose different

requirements on water quality and, therefore, the

associated water quality criteria are often

different for each use.

Water quality standards often serve as a baseline

for establishing water quality objectives in

conjunction with information on water uses and

site-specific factors. Water quality objectives aim

at supporting and protecting designated uses of

freshwater, i.e. its use for drinking-water supply,

livestock watering, irrigation, fisheries, recreation

or other purposes, while supporting and

maintaining aquatic life and/or the functioning of

aquatic ecosystems. The establishment of water

quality standards is a consultative process that

requires a critical assessment of national

priorities. Such an assessment is based on

economic considerations, present and future

water uses, forecasts for industrial progress and

for the development of agriculture, and many

other socio-economic factors (UNESCO/WHO,

1978; UNECE, 1993, 1995).

Water quality standards are being developed in

many countries by water authorities in co-

operation with other relevant institutions in order

to set threshold values for water quality that

should be maintained or achieved within a certain

time period. These provide the basis for pollution

control regulations and for carrying out specific

measures for the prevention, control or reduction

of water pollution and other adverse impacts on

aquatic ecosystems.  

In some countries, water quality standards play

the role of a regulatory instrument or even

become legally binding. Their application may

require, for example, the appropriate

strengthening of emission standards and other

measures for tightening control over point and

diffuse pollution sources. In some cases, these

serve as planning instruments and/or as the basis

for the establishment of priorities in reducing

pollution levels by substances and/or by sources.

Poor quality water for agriculture may affect

irrigated crops by causing accumulation of salts

in the root zone, loss of permeability of the soil

due to excess sodium or calcium leaching, or by

containing pathogens or contaminants which are

directly toxic to plants or to those consuming

them. Contaminants in irrigation water may

accumulate in the soil and, after a period of

years, render the soil unfit for agriculture. Even

when the presence of pesticides or pathogenic

organisms in irrigation water does not directly

affect plant growth, it may potentially affect the

acceptability of the agricultural product for sale or

consumption. Criteria have been published by a

number of countries as well as by the Food and

Agriculture Organization of the United Nations

(FAO). Quality criteria may also differ considerably

from one country to another, due to different

annual application rates of irrigation water and

types of soils.  

3.2 Methodology

3.2.1 Formulation of Drinking Water

Quality Standards

The team of experts reviewed literature about the

drinking water quality guidelines by World Health

Organization (WHO) process for the formulation

of guidelines and existing International Regional

and National Standards including national

drinking water policy, KP drinking water policy

and draft drinking water policy for FATA. In draft

FATA policy, it is mentioned that FATA Safe

Drinking Water regulation will be enacted to

ensure safe drinking water supply in compliance

with the National Drinking Water Quality

Standards. The National Drinking Water

Quality Standards guidelines will be enforced

throughout FATA. It was also observed that no

systematic data is available on water quality for

FATA. It was therefore, decided that information
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on water quality will be collected through survey

questionnaire and collecting samples for

determining water quality. Thereafter, the

recommendations for drinking water standards

were finalized after discussion with PHED and

local government and other stakeholders of FATA.

3.2.2 Formulation of Irrigation Water

Quality Standard Guidelines

Water quality criteria for irrigation water generally

take into account, amongst other factors, such

characteristics as crop tolerance to salinity, sodium

concentration and phytotoxic trace elements. The

effect of salinity on the osmotic pressure in the

unsaturated soil zone is one of the most important

water quality considerations because this has an

influence on the availability of water for plant

consumption. Sodium in irrigation waters can

adversely affect soil structure and reduce the rate

at which water moves into and through soils.

Sodium is also a specific source of damage to

fruits. Phytotoxic trace elements such as boron,

heavy metals and pesticides may stunt the growth

of plants or render the crop unfit for human

consumption or other intended uses. Irrigation

water quality data and soil structure data obtained

in the current study is also utilized for the

formulation of irrigation water quality data.

Interpretation from Water quality data and soil

properties data obtained in present study for FATA.

3.3 Drinking Water Quality

Guidelines

A water quality guideline is a numerical

concentration limit or narrative statement

recommended to support and maintains a

designated water use. The guidelines are used as

a general tool for assessing water quality that

protects and supports the designated

environmental values (drinking water) and against

which performance can be measured. 

l Guidelines are advisory in nature based on

scientific research and epidemiological

findings and are not to be confused with legal

standards.

l Provide guidance to Govt. for protection of

public health.

l A guideline value represents the

concentration of constituents that do not

result in any significant risk to the health of

the consumer over a lifetime 

l Guidelines are not intended for absolute and

direct application in every country

l WHO Guidelines are too conservative or too

liberal to be applied in a particular country

(may or may not suit to local conditions).

The basic purpose of establishing standards is to

facilitate the provision of safe drinking water to

the citizens. WHO has provided guidelines for

drinking water, which are advisory in nature, and

are based on scientific research and

epidemiological findings. The values of various

water quality parameters recommended by the

WHO are the general guidelines. That is why

different countries have established their own

water quality standards in order to meet their

national priorities, taking into account their

economic, technical, social, cultural, and political

requirements. 

The Pakistan Standards and Quality Control

Authority (PSQCA) has come forth with the

national drinking water quality standards which

are considered for water quality monitoring. The

WHO guidelines and standards proposed by

national agencies like PCRWR, PSQCA,

International Bottled Water Association (IBWA),

Food and Drug Administration (FDA),

Environmental Protection Agency (EPA) and other

countries are documented below.

3.3.1 Criteria/Process for the

Formulation of WHO Drinking Water

Quality Guidelines

This process involves technical efforts over 200

experts from 40 different countries over the

periods of 4 years. More than 19 review group

meetings involving the participation of numerous

institutions were held. The financial support was

given by a number of organizations and countries

included; Belgium, Canada, Denmark, Finland,
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France, Germany, Italy, Japan, Netherlands,

Norway, Poland, Sweden, UK, USA.

During this intensive exercise assessment of 128

health risks chemicals was carried out. Out of

128, 95 health-based chemicals were

recommended for guidelines values

Criteria for Selection of Health-Based

Chemicals

l The substances of potential hazard for human

health

l The substances of significant exposure for

human with relatively high concentrations

l The substance of major international concern

(i.e. of interest to several countries).

Table 3.1 gives the detail of derivation of

guideline value of each health base chemical.

The derivation of these factors requires expert

judgment and careful consideration of the

available scientific evidence.

Sources of Uncertainty in Derivation of

Guideline Value

Source Factor

l Inter-species variation (animals 

to humans)  1–10

l Intra-species variation (individual 

variations within species) 1–10

l Adequacy of studies or database 1–10

l Nature and severity of effect 1–10

Provisional Guideline Values

l For substances for which the uncertainty

factors were greater than 1000.

l Guideline values are designated as

provisional in order to emphasize the higher

level of uncertainty inherent in these values.

l A high uncertainty factor indicates that the

guideline value may be considerably lower

than the concentration at which health effects

would actually occur in a real human

population.

l Guideline values with high uncertainty are

more likely to be modified as new information

becomes available.

GV Guidelines value, expressed in mg or μg / liter of drinking water

TDI Tolerable daily intake (An estimated amount of a substance in food or  drinking water  in mg or μg

per Kg of body weight)

BW Body weight (For adult - 60 Kg, infants - 5 kg, children - 10 kg)

P %age of the TDI (1-100%), depending on the magnitude of exposure from food and air. In case

limited information- Default value (10%) was used

C Daily drinking water consumption (For adults – 2 liters, 10 kg child -1 liter and 5 kg infant -0.75 liter)

NOAEL No-observed-adverse-effect level                   TDI = NOAEL 

IF TDI Values = LOAEL / UF  Where:

LOAEL Lower-observed-adverse-effect level              TDI  = LOAEL / UF Where

UF Uncertainly factor (1-10000) - UF value depends on the nature of the toxic effect, size, type of

population to be protected and the quality of the toxicological information’s and is decided on

case-to-case basis

By putting TDI value

GV = NOAEL x BW x P/C           GV = LOAEL / UF x BW x P/C

GV= TDI x BW x P / C

Table 3.1: Derivational criteria for drinking water quality guidelines of WHO
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All water intended for drinking (E. Coli or thermo

tolerant Coliform bacteria).

Treated water entering the distribution system (E. Coli

or thermo tolerant coliform and total coliform bacteria).

Treated water in the distribution system (E. Coli or

thermo tolerant coliform and total coliform bacteria).

Must not be detectable in any 100 ml sample.

Must not be detectable in any 100 ml sample.

Must not be detectable in any 100 ml sample. In the

case of large supplies, where sufficient samples are

examined, must not be present in 95% of samples

taken throughout any 12-month period.

Source/Organisms Guideline Value

A. Bacteriological Qualities

Antimony

Arsenic

Barium

Boron

Cadmium

Chromium

0.050

0.010

0.700

0.500

0.003

0.050

2.000

0.070

1.500

0.010

0.500

0.001

0.070

0.020

50.00

03.00

0.010

0.002

Copper

Cyanide

Fluoride

Lead 

Manganese

Mercury

Molybdenum

Nickel

Nitrate(NO3)

Nitrite(NO2)

Selenium

Uranium

Inorganic mg/l Inorganic mg/l Inorganic mg/l

B. Chemicals of Health Significance

Colour

Taste, Odour

Turbidity

Toluene

xylenes

Ethyl-benzene

Styrene

Monochlorobenzene

1,2 dichlorobenzene

1,4-dichlorobenzene

Tetracholorethene

Ethylbenzene

Aluminum

Ammonia

Chloride

Copper

Hardness, pH, DO

Hydrogen sulphide

Iron

Sodium

Sulphate

TDS

Zinc

15 TCU

-

5 NTU

0.70

0.50

0.30

0.02

0.30

1.00

0.30

0.04

0.30

0.20 

1.50

250 

1.00 

-

0.05 

0.30 

200 

250 

1000 

3

Parameter mg/l Parameter mg/l Parameter mg/l

C. Other Parameters

Pyradite

1,2-dicholoropropane

Chlorotoluron

Bentazon

0.10

0.04

0.03

0.30

D. Pesticides

3.3.2 WHO Drinking Water Quality Guidelines



3.4 Drinking Water Quality

Standards

The basic purpose of establishing standards is to

facilitate the provision of safe drinking water to

the citizens. Standards are fixed by law and

adopted in countries taking in account their

economic, technical, social, cultural and political

situation. Standards are to be established,

requested and enforced by competent national

authorities by adopting a risk benefit approach.

At any time, they can be changed or modified

whenever new scientific evidence becomes

available.

3.4.1 Criteria for the Formulation of Drinking

Water Quality Standards

Following are the basic criteria while formulating

drinking water quality standards:

l Toxicological or epidemiological findings

l Economic interest

l Socio-cultural characteristics

l Average daily intake

l Hygienic practices

l Public awareness and sensitivity

l Technological development

l Political situation 

The WHO Guidelines are too conservative or too

liberal to be applied in a particular country (may

or may not suit to local conditions). Here are the

few examples from the countries who adopted

standards different from the guideline values

keeping in view the above mentioned criteria.

Under developed and developing countries are

less concerned regarding the risk affecting health

due to their local conditions for example:
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Antimony

Arsenic

Barium

Beryllium

Cadmium

Chromium

0.006

0.010

2.000

0.004

0.005

0.100

1.00

0.20

2.00

0.015

0.050

0.002

0.070

5.000

10.000

01.000

0.050

0.05-0.2

Copper

Cyanide

Fluoride

Lead 

Manganese

Mercury

Molybdenum

Znic

Nitrate(N)

Nitrite(N)

Selenium

Aluminum

Inorganic mg/l Inorganic mg/l Inorganic mg/l

A. Inorganic Chemicals

Colour

Atrazine

Toluene

xylenes (total)

Ethyl-benzene

Styrene

Chlorobenzene

Benzene

Oxamyl

1,2 dichloropropane

o-Dichlorobenzene

p-Dichlorobenzene

Endrin

Ethylbenzene

Methoxychlor

Vinyl chloride

Chloride

Glyphosate

pH

Sulphate

Iron

Sodium

Sulphate

TDS

Corrosivity

15 TCU

0.003

1000

10.000

0.700

0.100

0.1

Zero

0.200

Zero

0.600

0.075

0.002

0.700

0.040

0.002

250 

0.700

6.5-8.5

250

0.30 

200 

250 

1000 

Non-corrosive

Parameter mg/l Parameter mg/l Parameter mg/l

B. Other Parameters

Chloramines

Chlorine

Chlorine dioxide

Chlorite

4

4

0.8

1.0

C. Disinfectants

3.3.3 US-EPA Guidelines
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Sudan

Higher values adopted than WHO Guidelines

NO3 (N) 50 mg/l instead of 10 mg/l

F 7 mg/l instead of 1.5 mg/l

TDS 5000 mg/l instead of 1000 mg/l

Tanzania 

Higher values adopted than WHO guidelines for

the parameters (Cadmium, Copper, Fluoride,

Nitrite, Nitrate, Sulfate, Chloride and Turbidity)

Standards in industrialized countries (more

concerned regarding risks affecting health) are

stricter than WHO guidelines as they can afford

advanced treatment systems and sophisticated

laboratories. For example EU’s drinking water

standards adoptlower values than WHO

Guidelines.

Fe 0.2 mg/l instead of 0.3 mg/l

NO2 0.5 mg/l instead of 3 mg/l

Following are the few examples of Drinking Water

Standards from different countries and

International Organizations:

Arsenic (As)

Barium (Ba)

Cadmium (Cd)

Chromium (Cr)

Chloride (Cl)

Copper (Cu)

Cyanide (CN)

Fluoride (F)

Iron (Fe)

Lead (Pb)

Manganese (Mn)

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

NTU

Mercury (Hg)

Nitrate (NO3)

Nitrite (NO2)

Selenium (Se)

Silver (Ag)

Sulphate (SO4)

Phenolic

PCB

TDS

Zinc (Zn)

Turbidity

0.001

10.00

1.00

0.01

0.025

250.0

0.001

0.0005

500.0

5.00

0.50

0.01

1.00

0.005

0.05

250

1.00

0.10

4.00

0.30

0.005

0.05

Characteristics Unit Standard Characteristics Unit Standard

Escherichia coli Not detectable in 100 ml

Coliforms Not detectable in 100 ml

Arsenic (As)

Barium (Ba)

Cadmium (Cd)

Chromium (Cr)

Chloride (Cl)

Copper (Cu)

Iron (Fe)

Lead (Pb)

Manganese (Mn)

Mercury (Hg)

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

-

-

mg/l

mg/l

Nitrate (NO3)

Selenium (Se)

Silver (Ag)

Sulphate (SO4)

Phenolic

Ra 226 activity (pCi/l)

Total Beta activity (pCi/l)

TDS

Zinc (Zn)

Coliform (MPN/100 ml)

10.0

0.01

0.05

250

0.001

5.00

8.00

500.0

5.0

<2.20

0.05

1.00

0.01

0.05

250

1.00

0.30

0.05

0.050

0.002

Characteristics Unit Standard Characteristics Unit Standard

3.4.2 Food and Drug Administration (FDA) Drinking Water Standards

3.4.3 International Bottled Water Association (IBWA) Bottled Water Standards

A. Chemical Quality

B. Microbiological Quality



Note:

l The values indicated under the column

“Acceptable” are the limits up to which the

water is generally acceptable to the

consumers.

l Values in excess of those mentioned under

“Acceptable” render water not acceptable,

but still may be tolerated in absence of an

alternative and a better source, but up to the

limits indicated under the column “Marginal”,

above which the supply will have to be

rejected.

B. Bacteriological Standards

i_ Water entering the distribution system

coliform count in any sample of 100 ml

should be zero.

ii) Water in the distribution system shall satisfy

all the three criteria indicated below:

l E.Coli count in 100 ml of any sample

should be zero;

l Coliform organisms no more than 10 per

100 ml shall be present in any sample;

l Coliform organisms should not be

detectable in 100 ml of any two

consecutive samples or more than 50%

of the samples collected for the year.

iii) Individual or small community supplies.

l E.Coli count should be zero in any

sample of 100 ml and coliform organisms

should not be more than 3 per 100 ml.

C.  Virological Aspects

A level of 0.5 mg/l of free chlorine residual for one

hour is sufficient to inactivate virus, even in water

that was originally polluted. This free chlorine

residual is to be insisted in all disinfected

supplies in areas suspected of endemicity of

infectious hepatitis to take care of the safety of

the supply from the viral virus point of view,

which incidentally takes care of the safety from

the bacteriological point of view as well. For other

areas 0.2 mg/l of free chlorine residual for half an

hour should be insisted

3.5 Drinking Water Quality

Standards at National Level

In 2002, the Pakistan Standard Quality Control

Authority (PSQCA) came forth and compiled the

preliminary standards for quality of drinking water.
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Turbidity (NTU)

Colour (TCU)

Taste & Odour

Ph

TDS 

Hardness

Chloride

Sulphate

Fluoride

Nitrate (N)

Calcium

Magnesium

Iron 

Manganese

0.05

5.0

0.001

0.2

0.05

0.01

0.05

0.05

0.1

0.01

0.001

0.2

3 (pCi/l)

30 pico curie/l

Copper 

Zinc 

Phenolic Compounds 

Anionic Detergents 

Arsenic 

Cadmium 

Chromium 

Cyanide 

Lead 

Selenium 

Mercury 

Polynuclear aromatic 

hydrocarbons (g/l)

Gross Alpha Activity 

Gross Beta Activity (pCi/l) 

1.5

15.0

0.002

1.00

0.05

0.01

0.05

0.05

0.1

0.001

0.20

3.00

30.0

10

25

6.5-9.2

1500

600

1000

400

1.5

45

200

150

1.00

0.50

Characteristics Acceptable Marginal Characteristics Acceptable Marginal
(mg/l) (mg/l)

3.4.4 Drinking Water Quality Standards of Regional Country (Indian Water

Quality Standards)

A. Physical and Chemical Standards

2.5

5

Unobjectionable

7-8.5

500

200

200

200

1.0

45

75

30

0.10

0.05
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Table 3.2: Drinking Water Standards of PSQCA

A. Physical Requirements

pH 

Turbidity

Colour 

Taste & Odour

7.0-8.5

5

5

Unobjectionable

-

NTU

TCU

-

≥ 6.5- ≤ 9.2

25

50

Characteristics Unit MAC* MAC**

B. Chemical Requirements

Alkyl Benzyl Sulphates

Calcium (Ca)

Total Hardness (CaCO3)

Chloride (Cl)

Sulphate (SO4)

Nitrate (NO3)

Total Dissolved Solids

Iron (Fe)

Fluoride (F)

Hydrogen Sulphide

Zinc (Zn)

Manganese (Mn)

Copper (Cu)

Magnesium (Mg)

0.5

75

20

200

200

-

1000

0.3

-

5.0

-

-

50

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

1.0

200

500

600

400

10

1500

1.0

1.5

15.0

0.5

1.0

150

Characteristics Unit MAC* MAC**

Undetectable odor

C. Limits of Toxic Substances

Arsenic (As)

Cadmium (Cd)

Chromium (Cr)

Cyanide (CN)

Lead (Pb)

Selenium (Se)

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

0.05

0.003

0.05

0.07

0.01

0.01

D. Limits for Bacteriological Contaminants

Acceptable bacterial standards for potable water supplies are as follows:

Escherichia coli

Total Coliform

Enterococci

Pseudomonas aeruginosa

0/250 ml

0/250 ml

0/250 ml

0/250 ml

* Maximum Acceptable Concentration. ** Maximum Allowable Concentration.



3.5.2 Formulation of National Standards for

Drinking Water Quality

l In 2002, the Pakistan Standards Institute

compiled the preliminary standards for quality

drinking water.

l In 2004, Pakistan Council of Research in

Water Resources prepared a report related to

water quality in Pakistan with

recommendations for establishing water

quality standards.

l Johri (2005) from WHO office proposed a

framework of action for improving the quality

of drinking water in Pakistan

l In March 2005, Health Services Academy, the

Ministry of Health, in collaboration with World

Health Organization (WHO) sponsored,

organized and conducted a 4-day workshop

in Islamabad to update the existing water

quality   standards in accordance with the

quality guidelines of WHO.  The workshop

was designed to seek input of experts from

all important federal, provincial and private

agencies

l Through a combination of lectures,

discussions, intense work sessions, and

utilization of reading literature provided by

WHO and Ministry of Health, quality

standards for drinking water in Pakistan were

finalized.

These standards were approved in 2010 and

were notified by Ministry of Environment.

Following is the detailed list which is being

enforced all over the country.
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Table 3.3: PSQCA Standards for Bottled Water (2004)

Alkalinity

Bicarbonate

Calcium

Carbonate

Chloride

Color

Conductivity

Fluoride

Hardness

Iron

Magnesium

Odor

Nitrate-N

(m.mol/l)

(mg/l)

(mg/l)

(mg/l)

(mg/l)

(TCU)

(µS/cm)

(mg/l)

(mg/l)

(mg/l)

(mg/l)

-

(mg/l)

NGVS

NGVS

100

NGVS

250

5

NGVS

0.7

NGVS

0.3

50

Unobjectionable

10

-

(mg/l)

(mg/l)

(mg/l)

-

(mg/l)

(NTU)

(mg/l)

mg/l

mg/l

MPN/100 ml

MPN/100 ml

pH

Potassium 

Sodium 

Sulfate 

Taste

TDS 

Turbidity 

Phosphate 

Arsenic

Lead

Total Coliform

E-Coli

6.5-8.5

10

50

250

Unobjectionable

500

0.5

NGVS

0.010

0.010

0

0

Characteristics Units Maximum Characteristics Units Maximum 
Permissible Permissible
Limit (ppm) Limit (ppm)

PSQCA PSQCA
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3.6 Interpretation from Water Quality Data FATA 

(Current Study)

A total of 63 water samples were collected from the drinking water sources (groundwater and surface

water) from seven agencies of FATA. The samples were analyzed for physico-chemical and

microbiological parameters. The analysis showed that 97% sources were unsafe mainly due to bacteria

whereas 8% had higher values of TDS, 8% with Hardness, 11% with Fluoride and 2% were found

contaminated with nitrate.

Table 3.4: National Standards for Drinking Water Quality (2010)

pH

Potassium 

Sodium 

Sulfate 

Taste

TDS 

Turbidity 

Phosphate 

Arsenic

Lead

Total Coliform

E-Coli

-

(mg/l)

(mg/l)

(mg/l)

-

(mg/l)

(NTU)

(mg/l)

mg/l

mg/l

MPN/100 ml

MPN/100 ml

6.5-8.5

NGVS

NGVS

NGVS

Unobjectionable

<1000

5

NGVS

0.050

0.050

0

0

mg/l

-

(mg/l)

(mg/l)

(mg/l)

(mg/l)

(mg/l)

(mg/l)

(mg/l)

mg/l

mg/l

mg/l

Aluminum (Al)

Antimony (Sb)

Barium (Ba)

Boron (B)

Cadmium (Cd)

Chromium (Cr)

Cyanide (CN)

Manganese (Mn)

Mercury (Hg)

Nickel (Ni)

Residual chlorine

Zinc (Zn)

<0.2 

<0.005 (P)

0.7 

0.3

0.01

<0.050

<0.05

< 0.5 

<0.001 

<0.02

0.2-0.5 at 

consumer end

0.5-1.5 at source

5.0

Characteristics Units Maximum Characteristics Units Maximum 
Permissible Permissible
Limit (ppm) Limit (ppm)

NSDWQ NSDWQ

Figure 3.1: Types of Contaminants found in FATA



Review from the WHO guideline values, PSQCA

drinking water standards, National Standards for

drinking water quality, recent drinking water

quality data from FATA (present study) and

meeting with water quality experts, no specific

condition/tribulation was detected in contrast to

National Standards for Drinking Water Quality. In

view of the present water quality data, existing

National Standards fulfill the requirements for

FATA region.

3.7 Proposed Drinking Water

Quality Standards for FATA

While developing drinking water quality standards

for any specific region, two most important and

critical factors are the level of water quality

contaminants and socio-economic conditions of

the area. Water quality monitoring conducted

under this study reveals that microbiological

contamination is the major area of concern. As

such no major chemical contamination is found.

Socio-economic survey of the area indicates that

the population of FATA is growing at the growth

rate of 3.1 annually. But the resources are not

increasing at the same rate, hence the existing

resources are depleting by the time. For example,

land use in FATA has been reduced by time.

Educational, health, communication and

livelihood infrastructure has gone into worst

condition than ever before. Consequently, the

social and economic condition of the people of

FATA is declining and most of the people in the

region are poor. The whole of the region is an arid

region and most of the agriculture is dependent

on rain. Changing global environmental

conditions has also impacted the region and the

region received less rains in the recent years

which caused low use of agriculture land and

rangelands also dried up. The most of the FATA

areas are bounded by the mountains and there is

no easy access or communication facility to

major cities of Pakistan from these areas. So, the

local production rarely reaches the regional or

national market which causes great economic

loss to the local producer. Women are considered

the major role player in the development of any

society. In FATA, however, due to strict social and

cultural bindings, customs and traditions, women

are kept in households and are not permitted to

take part in any kind of outdoor economic or

social activities. Thus, a major proportion of

population is dependent to their males and liable

to consume major part of the resources.

Keeping in view the situation explained above as

well as to comply with the draft Drinking Water

Policy of FATA, it is proposed that National

Drinking Water Quality Standards implemented

and notified by Ministry of Environment may be

implemented/used in FATA. 

3.8 Criteria for the Formulation

of Irrigation Water Quality

Standards

Water quality criteria for irrigation water generally

take into account, amongst other factors, such

characteristics as crop tolerance to salinity,

sodium concentration and phytotoxic trace

elements. Criteria have been published by a

number of countries as well as by the Food and

Agriculture Organization of the United Nations

(FAO). Quality criteria may also differ considerably

from one country to another, due to different

annual application rates of irrigation water.

Keeping in view the soil physical and hydrological

characteristics of the area determined under this

study, the irrigation water quality guideline values

for FATA are proposed.
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Table 3.5:  Parameter wise ranges of drinking water contamination in FATA

1

2

3

4

5

TDS

NO3 (N)

F

Bacteria

Hardness

1000

10

1.5

-ve

500

mg/l

mg/l

mg/l

+ve/-ve

mg/l

168-342

2-6.5

0-0.27

+ve

130-320

381-1526

1.5-6.4

0.76-1.8

+ve

250-800

212-451

2.6-6.9

0-1.9

+ve

150-310

171-366

1.2-3.9

0.12-0.63

+ve

150-310

202-394

1.4-5.6

0.2-1.9

+ve

120-330

306-805

2.2-11

0.06-1.93

-ve to +ve

220-450

363-1353

2.5-9.0

0.2-1.67

+ve

300-850

Sr. Parameter NSDWQ Unit Range of Parameters of Concern

No. Bajaur Mohmand Khyber Orakzai Kurram SW NW
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l Water used for irrigation can vary greatly in

quality depending upon type and quantity of

dissolved salts and extent to which the salts

accumulate in the soil, and will depend upon

the irrigation water quality and irrigation

management.

l The soil problems most commonly

encountered and used as a basis to evaluate

water quality are those related to salinity,

water infiltration rate, specific ion toxicity 

l For successful crop production on

sustainable basis without deteriorating soils

health, the quality of irrigation water is of

main concern. 

l The common quality characteristics

considered for irrigation water are Electrical

Conductivity (EC), Sodium Adsorption Ratio

(SAR) and Residual Sodium Carbonate (RSC).

3.8.1 Description of Characteristic

Parameters

Electrical Conductivity (EC): The electrical

conductivity is a measure of the ability of water to

conduct an electrical current. It in turn measures

the quantity of various inorganic salts dissolved in

water or measure of the water salinity, reported in

deci-Siemens (dS/m) per meter at 25 °C  or in

units of micro-Siemens (µS/cm) per centimeter.

1 dS/m= 1000 µS/cm

Irrigation with water containing salt induces

salinity into the soil profile where these salt

accumulates and a saline/ sodic soil is formed.

Sodium Adsorption Ratio (SAR): Sodium

adsorption is stimulated when “Na” proportion

increases as compared to Ca+Mg the divalent

cations. SAR is calculated by following equations:

The sodium adsorption ratio (SAR) is an index of

the potential of a given irrigation water to induce

sodic soil conditions. By excessive sodicity, the

clay minerals in soils tend to swell and disperse

and aggregates tend to slake, especially under

conditions of low total salt concentration and

high pH. As a result, the permeability of the soil is

reduced, the surface becomes more crusted and

infiltration rate of the soil decreases. 

Residual Sodium Carbonate (RSC): The

irrigation water containing excess of CO3 and

HCO3 have high value of RSC. This parameter is

calculated by following equations:

RSC = (CO3
2- + HCO3

- )- (Ca2+ + Mg2+)

Such water normally precipitates calcium and

hence sodium increases in soil solution. It leads

to saturation of clay complex with sodium and

consequently decreased infiltration rate.

3.8.2 Review of International

Standards for Irrigation Water Quality

In 1974 University of California Committee of

Consultant’s Water Quality Guidelines were

prepared in cooperation with staff of the United

States Salinity Laboratory and published by Food

and Agriculture Organization (FAO) of the United

Nations Rome, 1985.



Assumptions in the Guidelines: The water

quality guidelines in Table 3.6 are intended to

cover the wide range of conditions encountered

in irrigated agriculture. Several basic assumptions

have been used to define their range of usability.

If the water is used under greatly different

conditions, the guidelines may need to be

adjusted. Wide deviations from the assumptions

might result in wrong judgements on the usability

of a particular water supply, especially if it is a

borderline case. Where sufficient experience, field

trials, research or observations are available, the

guidelines may be modified to fit local conditions

more closely.
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Table 3.6: Guidelines for Interpretations of Water Quality for Irrigation

Salinity(affects crop water availability)

ECw

(or)

TDS

Infiltration (affects infiltration rate of water into 

the soil. Evaluate using ECw and SAR together)

SAR = 0 – 3 and ECw =

= 3 – 6 =

= 6 – 12 =

= 12 – 20 =

= 20 – 40 =

Specific Ion Toxicity (affects sensitive crops)

Sodium (Na)

In surface irrigation

In sprinkler irrigation

Chloride (Cl)

In surface irrigation

In sprinkler irrigation

Boron (B)

Miscellaneous Effects (affects susceptible crops)

Nitrogen (NO3 - N)

Bicarbonate (HCO3)

(overhead sprinkling only)

pH

dS/m

mg/l

SAR

me/l

me/l

me/l

mg/l

mg/l

me/l

< 0.7

< 450

> 0.7

> 1.2

> 1.9

> 2.9

> 5.0

< 3

< 3

< 4

< 3

< 0.7

< 5

< 1.5

0.7 – 3.0

450 – 2000

0.7 – 0.2

1.2 – 0.3

1.9 – 0.5

2.9 – 1.3

5.0 – 2.9

3 – 9

> 3

4 – 10

> 3

0.7 – 3.0

5 – 30

1.5 – 8.5

> 3.0

> 2000

< 0.2

< 0.3

< 0.5

< 1.3

< 2.9

> 9

> 10

> 3.0

> 30

> 8.5

Potential Irrigation Problem Units Degree of Restriction on Use
None Slight Severe

to Moderate

Normal Range 6.5 – 8.4
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Indian Standard Guidelines for the Quality of Irrigation Water

Four types of chemical properties of water are considered for developing the water quality criteria for

Irrigation Water:

i. Total Salt Concentration

ii. Sodium Adsorption Ratio

iii. Residual sodium carbonate or bicarbonate ion concentration

iv. Boron contents

Table 3.7: South African Guidelines for the Quality of Irrigation Water (1996)

EC (µS cm-1) 

SAR

Chloride  (ppm)

pH

1

2

3

4

Ideal or 100% fit Target Water Quality Range

Acceptable

Tolerable for limited time only

Unacceptable but in case of salt tolerant crops

Unfit for use

Ideal or 100% fit Target Water Quality Range

Acceptable

Tolerable for limited time only

Unacceptable but in case of salt tolerant crops

Unfit for use

Ideal or 100% fit Target Water Quality Range

Acceptable

Tolerable for limited time only

Unacceptable 

Increases problem with the availability of micronutrient at

toxic level

Acceptable 

Increases problem due to the unavailability of the micro &

macro nutrients

400

400-900

900-2700

2700-5400

>5400

1.5

1.5-3

3-6

6-12

>12

<140

140-175

175-350

>350

<6.5

6.5-8.4

>8.4

Sr. No. Parameter Class Ranges

Table 3.8:  Indian Standard Guidelines for the Quality of Irrigation Water (1986,

Reaffirmed 2009)

EC (µS cm-1) 

SAR

RSC  (me/l)

Boron (ppm)

1.

2.

3.

4.

Low

Medium

High

Very High

Low

Medium

High

Very High

Low

Medium

High

Very High

Low

Medium

High

Very High

<1500

1500-3000

3000-6000

>6000

<10

10-18

18-26

>26

<1.5

1.5-3.0

3.0-6.0

>6.0

<1.0

1.0-2.0

2.0-4.0

>4.0

Sr. No. Parameter Class Ranges



3.8.3 Criteria used in Pakistan for Interpretation of Irrigation Water Quality

Following different water quality criteria were used over time in Pakistan to evaluate the Irrigation water

quality because we do not have approved irrigation water guidelines at national level:

3.8.4 Interpretation from Soil and Water Quality Data FATA (study)

Soil Types/Soil Texture: The most dominant soil type was found as Silt Loam having a frequency of

more than 50% in surface layer, while in both middle and bottom layers it shows a frequency of 40%.

This shows that clay particles are washed down towards deeper layers retaining higher% age of silt in

upper layers. The second most dominant soil type was loam, showing an increasing trend as the layer

deepens, with an almost 24 % frequency in surface, 27 % in middle and 37 % in bottom layer.
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Table 3.9:   Irrigation water quality criteria used in Pakistan

EC (µS cm-1) 

SAR

RSC  (me/l)

Chloride (me/l)

Suitable 750 <1500 <1500 <1000

Marginal 751-2250 1500-3000 1500-2700 1001-1250

Unsuitable >2250 >3000 >2700 >1250

Suitable <10 <10 <7.5 <6

Marginal 10-18 10-18 7.5-15 6-10

Unsuitable >18 >18 >15 >10

Suitable <1.25 <2.5 <2.0 <1.25

Marginal 1.25-2.50 2.5-5.0 2.0-4.0 1.25-2.50

Unsuitable >2.50 >5.0 >4.0 >2.50

Suitable <4.5 - 0-3.9 -

Marginal - - - -

Unsuitable >4.5 - >3.9 -

Parameter Status Richards, WAPDA Muhammad Malik et al. 
L.A. (1954) (1981) (1996) (1984)

Table 3.10:  Conditions of water use and irrigation water quality parameters

Coarse Textured Soil 3000 10 2.50

Medium Textured Soil 2300 08 2.30

Fine Textured Soil 1500 08 1.25

Condition of Soil EC (µs cm-1) SAR RSC (me/l)

Table 3.11: Summary of Soil Texture Analysis in FATA

Silt Loam 12 12 16

Loam 11 8 7

Sandy Loam 2 4 5

Clay Loam 0 0 1

Silty Clay 2 1 0

Silty Clay Loam 3 5 1

Total 30 30 30

Soil Type Bottom Layer Middle Layer Surface Layer



48

Figure 3.2: Soil Texture Status in FATA

From the interpretation of data with above tables shows that the soil type/texture of FATA is silty loam

and loam type and it falls in the category of medium textured soil.

Table 3.12:   Soil Characteristics depending on Soil Texture

Sandy soil Coarse texture Sand Very high Very low Low erosion

Loamy sand High Low Good drainage

Loamy soil Moderately coarse Sandy loam Moderately high Moderately low Low erosion

Fine loam Moderately high Moderately low Good drainage

Medium texture Very fine loam Medium Moderately high Moderately drainage

Loam Medium Moderately high Moderately drainage

Silty loam Medium Moderately high Moderately drainage

Silt Medium Moderately high Moderately drainage

Moderately fine Clay loam Moderately low High

Sandy clay loam Moderately low High

Silty clay loam Moderately low High

Clay soil Fine texture Sandy clay Low High Drainage

Silty clay Low High Severe erosion

Clay

Soil Soil Soil Intake Water Drainage
Type Texture Components Rate Retention Erosion
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Table 3.13: Irrigation Water Quality Data of FATA

1 KHY-03 Nayah Tari Well 150 493 8 10 1.33 Fit 0.00 Fit

Kamar Khel

2 BJR-04 Near Khar City Tube well 190 513 8.5 12 0.47 Fit 0.00 Fit

3 SW-01 WANA Sari KOT Tube well 130 669 7.54 28 0.66 Fit 0.00 Fit

4 BJR-02 PA house Bajaur Tube well 210 288 7.9 10 0.58 Fit 0.00 Fit

5 ORK-07 Feroz Khel Mala Hand Pump 75 447 8.3 7 0.22 Fit 0.00 Fit

6 SW-02 Sari KOT Wana Tube well 150 652 8.01 28 0.77 Fit 0.00 Fit

7 BJR-03 Rest house PA Tube well 180 332 8.1 12 0.33 Fit 0.00 Fit

office Bajaur

8 KRM-08 Sadda Bazar, Well 120 463 8.4 12 0.52 Fit 0.00 Fit

Dadu Market

9 KRM-11 Kurram Agency Well 40 478 8.4 12 0.08 Fit 0.00 Fit

Entrance

10 ORK-08 Said Khahil Hand Pump 70 370 8.3 15 0.31 Fit 0.00 Fit

11 NW-08 Darppa Khail Tube well 120 660 8.01 36 0.45 Fit 0.00 Fit

Miran Shah

12 KHY-05 O Kherage Tube well 250 523 8.1 10 0.68 Fit 0.00 Fit

Landikotal

13 SW-07 Tanai Khaila Tube well 200 602 7.49 24 0.69 Fit 0.00 Fit

14 ORK-09 Panzany Well 100 315 7.8 10 0.46 Fit 0.00 Fit

Kalaya Bazar

15 ORK-01 Kalaya Rest   Tube well 150 513 8.3 10 0.10 Fit 0.00 Fit

House 

16 BJR-01 Secai Khar Hand Pump 100 270 7.6 12 0.31 Fit 0.00 Fit

Bajaur

17 NW-06 Ghoa Khail Tube well 100 730 8.02 36 0.60 Fit 0.00 Fit

18 ORK-05 Sheraz Garhi Hand Pump 300 506 8.5 10 0.33 Fit 0.00 Fit

19 SW-06 Manddata Tel Tube well 250 556 7.55 24 0.63 Fit 0.00 Fit

shakai Wana

20 SW-10 Spaly Poran Tube well 180 934 7.93 48 1.53 Fit 0.00 Fit

Tanai Khaila

21 KRM-02 Sameer Hassan Hand Pump 135 385 8.3 10 0.16 Fit 0.00 Fit

Ali Kaly

22 ORK-04 Meshti Mala Tube well 45 665 8.3 12 0.75 Fit 0.00 Fit

(Orakzai)

23 SW-09 Spaly Poran Tube well 150 994 7.45 48 1.35 Fit 0.00 Fit

24 KHY-02 Mandi Kas Tube well 380 449 8.5 7 0.92 Fit 0.00 Fit

(Barra Dogra)

25 BJR-06 Pashat Well 30 606 8.5 17 0.65 Fit 0.00 Fit

(Chinargral)

26 SW-04 Darable Azam Tube well 100 792 7.52 40 1.40 Fit 0.00 Fit

Warsak Wana

27 KRM-05 Bagan/Lower Well 80 717 8.2 12 0.48 Fit 0.00 Fit

KRM

Sr. Sample Location Source Source EC pH Cl SAR Remarks  RSC Remarks  

No. ID Depth (ft) µS/cm mg/l (Fit = (meq/l) (Fit =

<10) <2.5)

3.8.5 Interpretation from Water Quality Data FATA (Present Study)
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28 KRM-09 Police check Hand Pump 200 375 8.3 10 0.31 Fit 0.00 Fit

post Malikali

29 KRM-10 Lari HQ Hand Pump 150 323 8.6 15 0.13 Fit 0.00 Fit

30 ORK-11 Shakar Kurram Well 180 436 8.5 12 0.50 Fit 0.00 Fit

31 BJR-07 Khar City Hand Pump 80 622 8.1 14 0.24 Fit 0.00 Fit

32 SW-05 Kazza Panga Tube well 210 607 7.81 24 1.03 Fit 0.00 Fit

Barmal Wana

33 KHY-04 Kohi Kaly Tube well 170 705 8.2 12 1.21 Fit 0.00 Fit

34 KRM-04 Bagan/Lower Well 50 635 8.3 8 0.20 Fit 0.00 Fit

KRM

35 NW-04 ISSORI Miir Ali Tube well 200 1153 8.5 72 1.85 Fit 0.00 Fit

36 NW-03 Chashma Ghou Tube well 220 1060 7.85 50 0.76 Fit 0.00 Fit

Khail

37 ORK-10 Gagari Upper Hand Pump 57 275 8.3 12 0.25 Fit 0.00 Fit

38 KHY-07 Jamood Bazar Tube well 200 378 8.3 7 0.49 Fit 0.00 Fit

39 NW-01 Eppi Faqeer Tube well 100 1890 7.42 80 1.97 Fit 0.00 Fit

Mir Ali

40 NW-02 Taka Check post Tube well 130 1020 7.11 50 1.89 Fit 0.00 Fit

Mir Ali

41 NW-07 Eppi Faqeer Tube well 120 1830 7.98 110 4.24 Fit 0.00 Fit

Mir Ali

42 NW-05 Edat/Miran Shah Tube well 180 950 7.41 40 1.00 Fit 0.00 Fit

43 MHD-03 Parchway Tube well 150 1242 8.4 48 2.39 Fit 0.00 Fit

Baazar

44 SW-03 Adha Khail KOT Tube well 120 673 7.51 40 1.55 Fit 0.00 Fit

Azam Warsk 

45 MHD-05 Kala Kai Well 120 654 8.5 10 1.54 Fit 0.00 Fit

46 MHD-01 Mohmand Well 200 2462 8.5 17 3.00 Fit 0.00 Fit

Agency Ghalani

47 MHD-06 School near EPA Tube well 250 610 8.4 17 1.21 Fit 0.00 Fit

office Border 

Swabi

48 NW-09 Hurmad Mir Ali Tube well 350 1883 7.58 140 3.16 Fit 0.00 Fit

49 NW-10 Kidta/EPPI Tube well 250 2460 7.5 180 3.29 Fit 0.00 Fit

Mir Ali

50 MHD-02 Pindyali Tube well 100 983 8.4 25 1.35 Fit 0.00 Fit

51 MHD-04 Kalakah, Nauki Well 150 1195 8.5 15 1.83 Fit 0.00 Fit

52 KRM-07 Kurram Agency Tube well 150 640 8.3 10 0.48 Fit 0.00 Fit

Sadda

53 KHY-01 Shah Khais Tube well 400 366 8.5 10 0.89 Fit 0.00 Fit

Leveis Center

54 SW-08 Commissioner art Tube well 80 1464 7.55 50 2.63 Fit 0.00 Fit

Wana Head 

Quarter

Sr. Sample Location Source Source EC pH Cl SAR Remarks  RSC Remarks  

No. ID Depth (ft) µS/cm mg/l (Fit = (meq/l) (Fit =

<10) <2.5)



3.8.6   Draft/Proposed Irrigation Water Quality Standards for FATA

From the above given data of irrigation water quality parameters it is clear that quality of water for

irrigation use is good. The SAR rages from 0.20-424. The Residual Sodium Carbonate values are zero.

From the literature review and interpretation of the water quality and soil data, irrigation water quality

parameters were formulated with the consultation of Irrigation department FATA. Following are

proposed irrigation water standards guideline values for specific parameters:
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Table 3.14: Irrigation Water Quality Standard/Guidelines for FATA Region Pakistan

EC (µS/cm) Suitable <1500

Marginal 1500-2700

Unsuitable >2700

SAR Suitable <7.5

Marginal 7.5-15

Unsuitable >15

RSC  (me/l) Suitable <1.25

Marginal 1.25-2.50

Unsuitable >2.50

Chloride (ppm) Suitable <175

Marginal 175-350

Unsuitable >350

pH Suitable (Normal Range) 6.5-8.4

Parameter Status Values
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4.1 Background

FATA has been an underdeveloped region of the country.

Literacy rate is only 17% (as compared to the average

45% for Pakistan) and among the female population it is

even low, just 3%. There is one bed in hospitals for every

2327 people as compared to 1450 in the rest of Pakistan.

For a population of 8189, only one doctor is available and

a mere 43% people have access to safe drinking water

(PAIMAN, 2008).

Due to the conflict and violence, large parts of FATA

bordering Afghanistan are facing an acute water crisis with

depleting groundwater levels. There are little signs of

developing a long term water management plan as the

government remains more focused on battling militancy in

the region. The dry mountainous topography and the

4. Water Quality 

MappingShalozan Dara-Kurram



absence of long-term water management plan

have made life extremely difficult. In Mohmand,

Agency groundwater is 300-550 feet and dipping

every year. There are three to four small dam

projects but these are insufficient to cater to the

growing demands for drinking and irrigation.

Overuse of water has caused many existing water

supply schemes to stop functioning in Khyber

Agency (thethirdpole.net, 2015).

The future for the availability of drinking and

irrigation water for the tribal areas is looking grim

unless urgent steps are taken.  According to a

September 2014 Asian Development Bank Report

on the water situation in the three agencies, the

lack of surface water sources has led to

increased reliance on groundwater for drinking

and irrigation purposes.

The groundwater potential in the tribal area

largely depends on rainfall and the irrigation

systems consist mostly of shallow wells, dug

wells (open wells with motorized pumping) and

tube wells. Unregulated groundwater abstraction,

through unplanned tube wells and dug wells, has

considerably lowered the water table while

putting groundwater aquifers under extreme

stress in most of the watersheds 

This trend of groundwater abstraction is unlikely

to improve for various reasons, including the ease

of construction and proximity of groundwater

pumping facilities, reliability and continuity of

good-quality water, and increasing human and

livestock consumption. The water table depth in

FATA is in the range of 5-150 meter (Asian

Development Bank, 2014.)

The main water source for drinking purposes in

FATA is groundwater, which accounts for about

84% of public and private water supply schemes.

Groundwater is generally a scarce resource in

FATA and is only available in the alluvial plains. In

most parts of FATA, particularly Mohmand and

Khyber agencies, water level is very deep and

extends to beyond 500 feet depth. With the past

drought spell, spread over 4-5 years and

excessive draw down, water table has depleted

by more than 200 feet., and water shortage is

becoming a critical issue in FATA. It has been

reported that in some parts of Khyber and

Mohmand Agencies, many springs have dried up

and there are no other water sources available

within reasonable distance. In some parts of

Mohmand Agency, people store rainwater in

ponds and use this water for animals and other

domestic purposes. The second major source in

FATA for drinking purposes is surface water,

which caters to about 16% of the population.

Though most areas of FATA are dry, yet there are

some small rivers and spring fed streams, which

serve as useful water sources for drinking and

irrigation (WAPDA).

The KP public health engineering department

admits the people are experiencing water scarcity

and contamination not only hospitals but also in

schools, colleges, offices and houses as water

management is becoming a major crisis in KP

and FATA. A local physician at the Khyber

Teaching Hospital, Peshawar, mentioned that 45

per cent of the annual deaths in KP and FATA are

caused by unhygienic water. “The quantum of

water-borne ailments is increasing. According to

Khyber College of Dentistry in majority areas of

the seven tribal districts of FATA, People suffer

from teeth problems due to presence of toxin

fluorine in their water; every 10th person

develops yellowish teeth and the stains remain

forever (IPS, 2015).

The surface water sources of the area need to be

tapped to overcome the water crisis. In the 15

watersheds of Bajaur, the total surface water

available for the average year is 291.8 million

cubic meters (m3), of which 87.5 million m3 is

used for irrigation, more than 70% (204.2 million

m3) of available water flows out of the Agency. Of

this, 63% (128 million m3) is from perennial

sources, and 37% (76 million m3) is from rain

runoff. In the 14 watersheds of Khyber Agency,

the total surface water available is 802.5 million

m3. Less than 50% (385.3 million m3) is used for

irrigation, while most of the water (417 million m3)

flows out of the Agency and drains into the Indus

River system. Similarly, Mohmand Agency has

phenomenal outflows because of underutilization
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of water resources within its boundaries. In this

area 64% of surface water remains untapped and

flows out of the Agency. The surface water

available for an average year in its 15 watersheds

is 174.6 million m3, of which 36% (63 million m3)

is utilized and 64% (111.6 million m3) is drained

(Asian Development Bank, 2014).

4.2 Material and Methods

Under this component, two methods were

applied viz: physical water sampling and

groundwater resistivity survey to map the quality

of existing groundwater and surface water

resources. For physical water sampling, water

samples were collected both from surface and

groundwater sources mostly used for drinking

water  (Table 3.1). Groundwater sources include

tube well, dug well and spring. Surface water

sources available in the area include rivers and

non-perennial streams. Physical sampling from

surface water sources could not be made

possible mainly due to inaccessibility of field

teams and security reasons. 

4.2.1 Physical Water Sampling

4.2.1.1 Sampling Design

A uniform and sizeable grid size of 20 km x 20

km was developed for identification of sampling

points. But by considering the topography of the

FATA Agencies and non- uniform distribution of

population in the Area, the sample collection

criteria was changed and tried to cover the area

with maximum population. Initially, the GIS

software was used to identify about 60 tentative

sampling locations (Figure 4.1). However,

topographic maps of Survey of Pakistan were

used for actual survey purpose as these give

exact location of the village/area. 

Maghan-Kurram
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Figure 4.1: Location map of the study area indicating the tentative survey sites
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Water samples (surface and groundwater)

pertaining to physic-chemical and microbiological

parameters from the identified locations were

collected and transported to PCRWR Water

Quality Testing Laboratory as per standard

procedure.

4.2.1.2 Sample Collection and Preservation

Water samples for physicochemical analysis were

collected in polystyrene bottles of 0.5 and 1.5

liter capacities. Before collecting the samples, the

bottles were washed properly and rinsed

thoroughly three times with sample water. For

bacterial analysis, samples were collected in pre-

sterilized bottles of 200 ml volume. Nitric acid

and boric acid were used as preservatives in the

sampling bottles for trace elements and nitrate

(nitrogen) respectively before going to field. 

The sampling team comprised of a Research

Officer, a Laboratory Assistant and a driver.

Following procedure and precautionary measures

were followed while collecting samples from the

field.

Figure 4.2: Water Sample Collection from FATA



Tap Water: Un-rusted taps were selected for

collection of water samples. These taps were

properly cleaned and allowed to flow for a few

minutes before collecting the sample. 

Tube well Water: The water samples from tube

wells were collected after allowing them to flow

for at least 10 minutes to get representative

sample of the groundwater. The depth of

groundwater level was also recorded and the

location of the tube well was properly marked on

the topographic survey sheet.

Distribution Network Water: The water samples

from the distribution network were collected from

the source of supply (as closely as possible) to

minimize the effects of pollution in the distribution

system and from consumers end to evaluate the

actual quality of water being used. All water

sample containers were filled slowly to avoid

turbulence and air bubbles after flushing the

system for sufficient time. 

Hand Pump/Dug Well Water: Water samples

were collected from hand pumps or dug wells

after purging stored water in hand pump or well.

The purging was carried out by making one

stroke for every foot of depth (a hand pump or

dug well having 30 feet of depth, needs 30

strokes for its purging). 

Stream Water: Water samples were collected

from the centre by standing in the middle of the

stream. Care was taken to keep the bottle well

above the bed of the stream to avoid unwanted

bed material going into the sample.

Spring Water: Water samples were collected

directly from the spring in sterilized sampling

bottles for microbiology. Samples were with or

without preservatives for other water quality

parameters.

Dam, River and Lake Water: It is difficult to

obtain a truly representative sample when

collecting surface water samples. Sampling point

was selected carefully to avoid any kind of debris

in the water. For sampling from surface water

sampling bottle was submerged up to a depth of

about 20 cm with the mouth facing slightly

upwards. Bottle’s mouth faced towards the

current and then filled. The bottle was then

capped carefully. 

4.2.1.2.1   Microbiological Samples

The water samples for microbiological analysis

were collected in clean, sterile plastic bottles (200

ml). The care was taken to ensure that no

accidental contamination occurs during sampling.

Samples were taken from those taps, which were

not leaking between the spindle and gland to

avoid outside contamination. The samples were

kept cool and in the dark while before field

analysis.

4.2.1.2.2 Type of Water Samples and

Preservatives

Samples were collected for microbiological

analysis, trace elements, nitrate (N) and general

water quality parameters. Standard sampling

methods of American Public Health Association

(APHA) were adopted to collect the samples. The

details of these samples and preservative used

for each sample are given below: 

Type A – All sites –in sterilized 200 ml sampling

bottle;

Type B – All sites – 2 ml/liter HNO3 as

preservative for trace elements; 

Type C – All sites – 1 ml/100 ml, 1 M Boric acid

as preservative for Nitrate 

Type D – All sites – No preservative for other

water quality parameters.

4.2.1.3 Sample Labelling Strategies

Sampling data forms were filled with detailed

information about the sampling location and

sample type.  The Sampling bottles were labelled

with sample type (A, B, C, D), date and sample ID

with undeletable ink. Sample ID for monitoring

purpose was marked on the basis of actual

sampling visit sequence of various sites.

Sampling team has also completed the

questionnaire about the sampling location and

sample and anything unusual around the
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sampling location was also noted down. The sample bottles were labelled with a permanent marker

and deliver the sample to laboratory or to a designated drop-off location for the laboratory within

required holding time. 

4.2.1.4 Analytical Methods

The water samples were analysed for aesthetic, physico-chemical and bacteriological parameters by

using American Public Health Association (APHA) standard methods. The details of the parameters and

methods used for their analysis are given in Table 4.1 (APHA, 2012).

Table 4.1: Water Quality Parameters and Methods used for Analysis

1 Alkalinity (mg/l as CaCO3) 2320, Standard method (2012)

2 Arsenic (ppb) AAS Vario 6, Analytik Jena AG (3111B  APHA) 2012

3 Bicarbonate (mg/l) 2320, Standard method (2012)

4 Calcium (mg/l) 3500-Ca-D, Standard Method (2012)

5 Carbonate (mg/l) 2320, Standard method (2012)

6 Chloride (mg/l) Titration (Silver Nitrate), Standard Method (2012)

8 Conductivity (μS/cm) E.C meter, Hach-44600-00, USA

9 Lead (ppb) GBC Avanta , AAS Vario 6, Analytik Jena AG

10 Hardness (mg/l) EDTA Titration, Standard Method (2012)

11 Magnesium (mg/l) 2340-C, Standard Method (2012)

12 Nitrate as Nitrogen (mg/l) Cd. Reduction (Hach-8171) by Spectrophotometer

13 Odor Sensory Test

14 Ph pH Meter, Hanna Instrument, Model 8519, Italy

15 Potassium (mg/l) Flame photometer PFP7, UK

16 Sodium (mg/l) Flame photometer PFP7, UK

17 Sulfate (mg/l) SulfaVer4 (Hach-8051) by Spectrophotometer

18 Phosphate (mg/l) 8190 and 8048 Colorimeters (HACH)

20 TDS (mg/l) 2540C, Standard method (2012)

21 Turbidity (NTU) Turbidity Meter, Lamotte, Model 2008, USA

22 Fluoride (mg/l) 4500-FC.ion-Selective Electrode Method Standard (2012)

23 Iron (mg/l) Ferro Ver method (HACH Cat. 21057-69) 

27 Bacteria Qualitative presence /absence field testing kit PCRWR

Sr. No. Parameters Analysis Method



4.2.1.5 Results and Discussion

4.2.1.5.1 Agency-Wise Water Quality Situation

Under this component, 63 water samples from 30 different sites were collected in 07 agencies, viz,

Bajaur, Mohmand, Khyber, Orakzai, Kurram, North Waziristan and South Waziristan. Agency-wise

details are given in Table 4.2.

Detail of the findings from each Agency is as following:

Bajaur Agency: Total 07 samples were collected from the Bajaur Agency. Main drinking water source

of this area was groundwater (unprotected wells and springs). Chemically the water sources were found

safe; no potential contaminant appeared in this monitoring whereas microbiologically all samples were

found contaminated as given in Table 4.3. The sample collection and analysis detail is given in

Annexure-1.

Majority of households in Bajaur Agency use unprotected sources of drinking water e.g. wells, springs

and streams. However, Public Health Engineering Department of FATA is providing drinking water in

major town of the Agency through supply lines. In this area, there is no concept of water treatment or

chlorination even on the Government level. Therefore, people are forced to drink contaminated water.

Gastroenteritis diseases are the common problem of this area. The main reason of the bacterial

contamination seems open defecation in habitation areas and unprotected water storage tank and

leaky pipelines of water supply schemes where exist.
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Table 4.2: Details of Agency-wise collected Water Samples

1 Bajaur 4 7 7 0

2 Mohmand 4 6 6 0

3 Khyber 4 8 7 1

4 Orakzai 4 11 9 2

5 Kurram 6 11 10 1

6 South Waziristan 4 10 10 0

7 North Waziristan 4 10 10 0

Total 30 63 59 4

Sr. Name of Agency Sites Samples Water Sources

No. (No’s.) (No’s.) Ground water Surface Water

Table 4.3: Parameter wise Detail of Drinking Water Contamination in Bajaur Agency

1 TDS 1000 mg/l 168-342 7 0 0

2 NO3 (N) 10 mg/l 2-6.5 7 0 0

3 F 1.5 mg/l 0-0.27 7 0 0

4 Bacteria -ve +ve/-ve - 7 7 100

5 Hardness 500 mg/l 0.35-1.25 7 0 0

Sr. Parameter NSDWQ Unit Range No. of Beyond permissible limit
No. Samples No. %age
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Mohmand Agency: Total 06 samples were collected from the Mohmand Agency. Main drinking water

source of this area was groundwater. Chemically, the 34% sources were found contaminated with

Fluoride, 34% with Hardness and 17% sources with high Total Dissolved Solids (TDS) whereas

microbiologically 100% samples were found contaminated as given in Table 4.4.The sample collection

and analysis detail is given in Annexure-1.

Main reason of the bacterial contamination is unprotected well and water storage tanks, leaky pipeline

of water supply running side by side the sewage lines and also due to defecation in habitation areas. In

Mohmand, Agency groundwater is 300-550 feet and dipping every year. Unregulated groundwater

abstraction, through unplanned tube wells and dug wells, has considerably lowered the water table

while putting groundwater aquifers under extreme stress and causes the chemical contamination of

ground water sources. The dry mountainous topography and the absence of long-term water

management planning have made life extremely difficult. 

Khyber Agency: Total 08 samples were collected from the Khyber Agency main drinking water source

of this area was groundwater. Chemically the 14 % sources were found contaminated with Fluoride

whereas, microbiologically 100% samples were found contaminated as given in Table 4.5. The sample

collection and analysis detail is given in Annexure-1.

In this area, there is no concept of water treatment or chlorination even on the Government level.

Therefore, people are forced to drink contaminated water. Gastroenteritis diseases are the common

problem of this area. The main reason of the bacterial contamination seems open defecation in

habitation areas and unprotected water storage tank. Due to the uncontrolled abstraction of ground

water resources the water table in this area is lowering very rapidly. Overuse of water has caused many

existing water supply schemes to stop functioning in Khyber Agency. Due to lowering of water table

people could not afford boring at their houses therefore, the wells are dug at one or two places in a

village and all the community share these wells.

Table 4.4: Parameter Wise Detail of Drinking Water Contamination in Mohmand Agency

1 TDS 1000 mg/l 391-1526 6 1 17

2 NO3 (N) 10 mg/l 1.5-6.4 6 0 0

3 F 1.5 mg/l 0-1.8 6 2 34

4 Bacteria -ve +ve/-ve Positive to 6 6 100

Negative

5 Hardness 500 mg/l 250-800 6 2 34

Sr. Parameter NSDWQ Unit Range No. of Beyond permissible limit
No. Samples No. %age

Table 4.5: Parameter Wise Detail of Drinking Water Contamination in Khyber Agency

1 TDS 1000 mg/l 212-451 8 0 0

2 NO3 (N) 10 mg/l 2.6-6.9 8 0 0

3 F 1.5 mg/l 0-1.9 8 1 14

4 Bacteria -ve +ve/-ve Positive to 8 8 100

Negative

5 Hardness 500 mg/l 150-300 8 0 0

Sr. Parameter NSDWQ Unit Range No. of No of samples contaminated
No. Samples No. %age



Orakzai Agency: Orakzai Agency is smallest Agency of FATA with least population. Total 10 samples

were collected from the Orakzai Agency. Main drinking water source of this area is groundwater.

Chemically the water sources were found safe; no potential contaminant was appeared in this

monitoring whereas microbiologically 100% samples were found contaminated as given in Table 4.6.

The sample collection and analysis detail is given in Annexure-1.

In this area, there is no concept of water treatment or chlorination even on the Government level.

Therefore, people are forced to drink contaminated water. Gastroenteritis diseases including diarrhoea

and hepatitis are the common problem of this area. The main reason of the bacterial contamination

seems open defecation in habitation areas and unprotected wells and water storage tank and leaky

pipelines.

Kurram Agency: Total 12 samples were collected from the Kurram Agency main drinking water source

of this area is groundwater, spring and streams. Women and children fetch water from these sources

and have to travel more than 2 Kilometres to get this water from their households. Chemically the 8%

sources were found contaminated with Fluoride whereas, microbiologically 100% samples were found

contaminated as given in the following Table 4.7. The sample collection and analysis detail is given in

Annexure-1.

The people of this area are forced to drink contaminated water. There is no concept of water treatment

or chlorination even on the Government level. Gastroenteritis diseases are the common problem of this

area. The main reason of the bacterial contamination seems open defecation in habitation areas and

unprotected wells and water storage tank. 
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Table 4.7: Parameter Wise Detail of Drinking Water Contamination in Kurram Agency

1 TDS 1000 mg/l 202-394 12 0 0

2 NO3 (N) 10 mg/l 1.4-5.6 12 0 0

3 F 1.5 mg/l 0-1.9 12 1 8

4 Bacteria -ve +ve/-ve Positive to 12 12 100

Negative

5 Hardness 500 mg/l 120-330 12 0 0

Sr. Parameter NSDWQ Unit Range No. of No of samples contaminated
No. Samples No. %age

Table 4.6: Parameter Wise Detail of Drinking Water Contamination in Orakzai Agency

1 TDS 1000 mg/l 171-366 10 0 0

2 NO3 (N) 10 mg/l 1.2-3.9 10 0 0

3 F 1.5 mg/l 0-3.6 10 0 0

4 Bacteria -ve +ve/-ve Positive to 10 10 100

Negative

5 Hardness 500 mg/l 150-310 10 0 0

Sr. Parameter NSDWQ Unit Range No. of No of samples contaminated
No. Samples No. %age
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North Waziristan Agency (NWA): Total 10 samples were collected from the NWA main drinking water

source of this area is groundwater. Chemically the 20% sources were found contaminated with

Fluoride, 30% with Hardness and 40% sources with high Total Dissolved Solids (TDS) whereas,

microbiologically 80% samples were found contaminated as given in Table 4.8. The sample collection

and analysis detail is given in Annexure-1.

North Waziristan is one of the most water scarce Agency of FATA and majority of the households

depends on ponds and rainwater harvesting for getting their drinking water. The underground water

table in this Agency is very low and thus it is very expensive to install a tubewell. However, in some

villages community tube wells have been installed by collective efforts of community and mostly in

mosque where all the community get their water. In this Agency men are responsible to get drinking

water for their households

The situation regarding bacterial contamination was found slightly better than other Agencies but still

not very good gastroenteritis diseases are the common problem of this area. The main reason of the

bacterial contamination of this area is also seems open defecation in habitation areas and unprotected

well and water storage tank. 

Unregulated groundwater abstraction putting groundwater aquifers under extreme stress and cause the

chemical contamination of ground water sources. Due to heavy pumping of ground water resources,

causes disturbance in the aquifer and different minerals start dissolving in the groundwater from lower

strata which cause chemical contamination like fluoride and TDS. The dry mountainous topography and

the absence of long-term water management planning have made life extremely difficult.

South Waziristan Agency (SWA): Total 10 samples were collected from the SWA main drinking water

source of this area was groundwater. Chemically the 10% sources were found contaminated with

Fluoride and 10% sources with high Nitrate whereas, microbiologically 100% samples were found

contaminated as given in Table 4.9. The sample collection and analysis detail is given in Annexure-1.

Table 4.9:  Parameter wise detail of drinking water contamination in South Waziristan Agency

Table 4.8: Parameter Wise Detail of Drinking Water Contamination in North Waziristan Agency

1 TDS 1000 mg/l 363-1353 10 4 40

2 NO3 (N) 10 mg/l 2.5-9.0 10 0 0

3 F 1.5 mg/l 0.2-0.98 10 2 20

4 Bacteria -ve +ve/-ve - 10 8 80

5 Hardness 500 mg/l 300-850 10 3 30

Sr. Parameter NSDWQ Unit Range No. of No of samples contaminated
No. Samples No. %age

Table 4.9: Parameter wise detail of drinking water contamination in South Waziristan Agency

1 TDS 1000 mg/l 306-805 10 0 0

2 NO3 (N) 10 mg/l 1.7-10.3 10 1 10

3 F 1.5 mg/l 0.06-1.93 10 1 10

4 Bacteria -ve +ve/-ve Positive to 10 10 100

Negative

5 Hardness 500 mg/l 220-450 10 0 0

Sr. Parameter NSDWQ Unit Range No. of No of samples contaminated
No. Samples No. %age



In South Waziristan, however the condition is better than North Waziristan for availability of water, but

majority of the households in this Agency also depend on open source of drinking water e.g. streams

springs and river channels.

The situation regarding bacterial contamination was also found alarming in this area gastroenteritis

diseases are the common problem. The main reason of the bacterial contamination of this area is also

seems open defecation in habitation areas and unprotected well and water storage tank. 

Due to heavy pumping of ground water resources, causes disturbance in the aquifer and different

minerals start dissolving in the groundwater from lower strata which cause chemical

contamination like fluoride. The nitrate contamination may be due to mixing of sewage water

with drinking water sources or heavy use of fertilizer and animal manure in this area.4.2.1.5.2

Overall Water Quality Situation in FATA

Overall 63 water samples were collected from drinking water sources of FATA area.  97% samples were

found unsafe mainly due to the presence of microbiological contaminations. Only 3% sources were

found safe for drinking. There is no concept of water treatment through chlorination even at

government level all water supply schemes were running without any monitoring and treatment.

Residence has common complaint of diarrhoea and other gastrointestinal diseases. Due to the open

defecation in the large area of FATA all most all groundwater sources were found contaminated with

bacteria.

In case the source water found safe the other reason of the contaminants could be the leaky pipeline of

the water supply system unprotected well and storage tank in the area from where potential microbial

contaminant can easily be entered in the drinking water supply. All the 97% sources found unsafe were

mainly due to bacteria whereas 8% with TDS, 8% with Hardness, 11% with Fluoride and 2% were

found contaminated with nitrate and 97% with bacteria as shown in following Figure 4.1.
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Table 4.10: Overall Drinking Water Contaminants in FATA

1 Bajaur 0 0 0 0 0 0 0 0 7 100

2 Mohmand 1 17 2 34 2 34 0 0 6 100

3 Khyber 0 0 0 0 1 14 0 0 8 100

4 Kurram 0 0 0 0 1 8 0 0 10 100

5 Orakzai 0 0 0 0 0 0 0 0 12 100

6 North Waziristan 4 40 3 30 2 20 0 0 8 80

7 South Waziristan 0 0 0 0 1 10 1 10 10 100

Total 5 8 5 8 7 11 1 2 61 97

Sr. No. Agency % No. of Contaminated Samples

Parameters TDS Hardness Fluoride Nitrate Bacteria

No. % No. % No. % No. % No. %
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Figure4.1:   Level of different Contaminants in drinking water of FATA

GIS based mapping of sampling locations from various sources and contaminants are presented from

Figure 4.2 to 4.7.

Figure 4.1: Level of different Contaminants in drinking water of FATA
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Figure 4.2: Water Quality Sampling Locations from Various Sources
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Figure 4.3: Micro-biological Contamination
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Figure 4.4: Flouride Concentration 
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Figure 4.5: Total Dissolved Solids (TDS) Concentration
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Figure 4.6: Hardness Level
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Figure 4.7: Arsenic Concentration



4.2.1.6 Conclusions

All the 97% sources found unsafe were mainly

due to bacteria whereas 8% with TDS,8% with

Hardness, 11% with Fluoride, 2% with nitrate and

97% were found contaminated with bacteria. The

situation was worst in Mohmand and then in

North Waziristan where not only microbiology

chemical contamination was also found.

Unregulated groundwater abstraction putting

groundwater aquifers under extreme stress and

cause the chemical contamination of ground

water sources. Due to heavy pumping of ground

water resources, causes disturbance in the

aquifer and different minerals start dissolving in

the groundwater from lower strata which cause

chemical contamination like fluoride and TDS.

The dry mountainous topography and the

absence of long-term water management

planning have made life extremely difficult. The

situation regarding bacterial contamination was

also found alarming in this area gastroenteritis

diseases are the common problem. The main

reason of the bacterial contamination of this area

also seems open defecation in habitation areas

and unprotected well and water storage tank. 

4.2.2 Groundwater Resistivity Survey

The groundwater is a vital resource to maintain

ecosystem and increased agricultural production

by supplementing the surface water supplies.

Due to hydrogeological variations and distribution

of precipitation on the earth surface, groundwater

is not uniformly available. The geological

properties and sources of recharge, controls the

availability and quality groundwater.  In

mountainous areas, the snow melt water and

precipitation regulates surface water in the

streams and rivers. The seepage from surface

water systems and infiltration from rainfall

constitutes two important sources of groundwater

recharge. However, the erratic rainfall and

presence of hydro-geologically unfeasible strata,

limits the groundwater potential. 

In Federally Administrative Tribal Area (FATA), the

topography is very undulating. The groundwater

potential is generally available in the valleys and

along the streams, rivers or dams. The

assessment of groundwater potential and its

quality is critically important for sustainable

resource management and planning purposes.

This section provides the insight about the

availability of groundwater potential and

variations in its quality in the Agency areas of

FATA. 

4.2.2.1 Methodology

For the assessment of groundwater potential and

its quality, the geophysical investigations were

conducted in all seven agencies of FATA. For this

purpose, vertical electrical resistivity sounding

(VES) was applied as the main geophysical

technique. Due to undulating terrain, the electrical

resistivity survey (ERS), originally planned at 20

km x 20 km grid, has only become possible in the

plain areas generally in the valleys . It is important

to mention here that only less than 9% of total

area of study area of FATA (seven agencies) is flat

where ERS is possible (Table 4.11). This flat area

is available only in the valleys. To tackle this

challenge, the approach of averagely 04 resistivity

probes per Agency has been followed instead of

uniform grid.  However, the number of resistivity

probes may vary depending upon the availability

of plain area in each Agency as well as prevailing

security conditions. The maximum target depth

for ERS is set as 300 meters; however, it varies

from Agency to Agency based on the availability

of required survey space on ground. 

71

Total Area of Seven agencies of FATA 26767.0

Flat Area of Seven agencies of FATA 2370.2

Percentage of Flat Area 8.9 %

Description Area (Sq.Km)

Table 4.11: Agency-wise details of ERS
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The electrical resistivity survey has been used as

a main geophysical investigation technique. It is

most widely used technique in groundwater

exploration having an extra advantage of

prediction of water quality along with the

subsurface geological formations. The technique

is based on Ohm’s Law wherein current is applied

to the ground at two points and potential drop is

measured at another couple of points. The

resistivity (resistance per unit cube) calculated

from these measurements is used to map the

sub-surface geological formations and demarcate

the freshwater aquifer.

The resistivity of any formation is mainly

dependent on two factors, viz. the porosity of the

formation and the salinity of the solution held in

the pores. Dry rocks are poor conductors. In

water bearing formations, the current is carried

entirely by the dissociated ions of the salt held in

solution.  Thus, the resistivity of the formation is

not characteristic of the formation itself and any

one formation may have a wide range of values,

depending upon its nature and the quality of

water, which is influenced by such factors as

porosity and the amount of salts, held in solution. 

Figure 4.2: Water Sample Collection from FATA



In field, Terameter instrument (SAS 4000) has

been used for the acquisition of electrical

resistivity data. The general setting of the

potential and current electrodes and distribution

of current as well as potential lines is shown in

Figure 4.9.This instrument works on the basis of

Ohm’s laws. The equations can be rewritten as:

Where:

R = Resistivity; Ohm-meter

V = Voltage (potential drop) mili-Volt

I = Current; milli-ampere

K = Constant of proportionality

The Schlumberger array has been used for the

exploration of groundwater potential whereas,

Ix1D software has been used to determine the

subsurface resistivity and thickness of different

layers of the earth up to investigated depth.

Based on the interpretation of resistivity modeling

and analysis of depth to water table information

collected from field, the potential depth for

groundwater exploitation have been mapped. For

groundwater quality analysis, about 54

groundwater quality samples have been collected

from different groundwater sources (hand-pumps,

dug-wells and tube-wells) and are then analyzed

in PCRWR laboratory. The Agency-wise details of

ERS are provided in Table 4.12 whereas, Figures

4.10 and 4.11 shows the locations of ERS and

water quality sampling sites in the study area.
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Figure 4.9: Electrical resistivity survey setup

in the field
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Table 4.12: Agency-wise details of ERS Locations

1 BJR-01 Pashat City Bajaur 34.860 71.538

2 BJR-02 Village Musa Khas, District Khar Bajaur 34.745 71.536

3 BJR_03 Village Sesai (Musatir & Nizammudin) Bajaur 34.768 71.447

4 BJR-04 Village Angugatra, Tehsile Nawaga Bajaur 34.686 71.303

5 MHD-01 Village Ghalanai Mohmand 34.319 71.408

6 MHD-02 Village Pindayali Mamu Kot Mohmand 34.401 71.447

7 MHD-03 Village Nohkki, Tehsile Kamali Mohmand 34.422 71.346

Aleem Zai

8 MHD-04 EPA Office, Irawand Mohmand 34.242 71.492

9 KHY-01 Village Kadeem, Tehsile Jamrud Khyber 33.977 71.356

10 KHY-02 Village Mandi Khas Khyber 33.839 71.422

11 KHY-03 Village Nala Kajori, Tehsile Bara Khyber 33.900 71.356

12 KHY-04 Village Khuga Khel, Tehsile Landi Kotal Khyber 34.100 71.161

13 KHY-05 Shagi Fort Khyber 34.014 71.280

14 OKZ-01 Kalaya District Orakzai 33.754 70.965

15 OKZ-02 Village Mir Ghara Aziz Khel Orakzai 33.730 70.850

16 OKZ-03 Village Anjani Orakzai 33.785 71.105

17 KRM-01 Village Esar, Tehsile Sada Kurram 33.773 70.455

18 KRM-02 Village Sameer, Jalader Kurram 33.761 70.254

19 KRM-03 Village Dago near Ali Zai Kurram 33.492 70.382

20 KRM-04 Village Maliralay Kurram 33.846 70.145

21 KRM-05 Village Sadda Kurram 33.692 70.328

22 KRM-06 Village Chappri Kurram 33.444 70.457

23 NW-01 Village Eppi Dour, Mir Ali North Waziristan 32.9602 70.297

24 NW-02 North Waziristan 32.9743 70.255

25 NW-03 Village Gaun Khel, Miranshah North Waziristan 32.9802 70.074

26 NW-04 Village Ahmad Khel, Miranshah North Waziristan 32.9821 69.996

27 SW-01 Village Sarki Kot South Waziristan 32.2828 69.553

28 SW-02 Village Kazza Panga, Barmal, Wana South Waziristan 32.2462 69.414

29 SW-03 Village Mandata, Shakai South Waziristan 32.4793 69.631

30 SW-04 Village Toiy Khla South Waziristan 32.0692 69.608

Sr. No Probe ID Location Agency Latitude Longitude
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Figure 4.10: Location map of electrical resistivity survey in Agency areas of FATA
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Figure 4.11: Location map of water quality sampling sites in Agency areas of FATA



4.2.2.2 Results and Discussion

The results of geophysical investigations have

been supported by bore logs data provided by

Irrigation Department (Groundwater Section),

FATA Secretariat, Peshawar. 

4.2.2.2.1 Groundwater Potential

The groundwater assessment provided that the

depth of groundwater varies from 15 ft.(Kurram

Agency) to 255 ft.(Mohmand Agency) as shown in

Figure 4.12. The average maximum depth to

water table has been noticed in Mohammad

Agency which has been reached up to 175 ft.

followed by North Waziristan (133 ft.) and Khyber

(117ft). 

The geophysical analysis reveals that the

groundwater potential is generally available in the

surveyed agencies except at few sites (BJR-02,

MHD-01, KRM-05) due to either prevalence of

shale/clay or shallow bedrock. Figures 4.13 and

4.14 provides the insight of Agency-wise spatial

variations in potential depth column (minimum

and maximum) for groundwater exploitation.

Averagely, the Mohmand Agency is with limited

groundwater potential of (94 ft.depth column)

whereas the maximum potential is analysed in

Khyber Agency (624 ft.). Further, Bajaur and

South Waziristan agencies are found more critical

in terms of groundwater resource availability

where the potential depth column for

groundwater exploitation is 320 and 373 ft.

respectively (Figure 4.14).

As conclusion, the Mohmand Agency is found

most critical followed by Bajaur and South

Waziristan agencies. Although the depth to water

table is deeper in North Waziristan (133 ft.) and

Khyber (117 ft.), the sufficient groundwater

potential of about 566 ft. and 636 ft. depth

column is available in these agencies.
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Figure 4.12: Depth to water table variations
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Figure 4.13: ERS based potential depth for groundwater exploitation
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4.2.2.2.2 Groundwater Quality

The analysis of geophysical surveys showed that

there is as such no issue of groundwater quality

in Agency area of FATA as far as TDS is

concerned. However, the detailed laboratory

based water quality analysis of 54 groundwater

samples revealed that the concentration of TDS

varies from 168 to 1526 ppm (Figure 4.15). In

most of Agency areas, the concentration of TDS

concentration in groundwater is found 960 ppm

which represents good quality of groundwater

excepts Mohmand and North Waziristan agencies

where, groundwater of marginal quality exists at

few sampling sites with slightly high

concentration of TDS (<1526 ppm). According to

WHO standards, the groundwater with TDS

concentration ranging from 960-1600 ppm

represents marginal quality. 

Figure 4.14: Minimum and maximum variations in groundwater potential availability 
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Figure 4.15: Variations in TDS concentration in groundwater 
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5.1 Watershed Delineation

5.1.1 Introduction

The surface water is a major source of fresh water

supplies in FATA area. With an average annual rainfall of

about 553 mm at Peshawar, there is plenty of surface

water available in FATA. Besides drastically increasing

population, climatic implications has further aggravated

the situation by increasing the management challenges

related to efficient utilization of rainwater harvesting. The

climatic trends show that there is more rainfall available in

recent years than before. The rainfall patterns are

frequently changing in time and space. During most of the

time, it is not available when and where required.

Consequently, Pakistan is at the verge of either more flash

flooding and drought like events in general and the

mountainous areas such as FATA more specifically.

5. Delineation and 
Mapping of 
River Basins and 
Sub-BasinsGomal Zam



Therefore, proper delineation of major river

basins, mapping of hydrological features and

assessment of surface water potential is critically

important for effective planning and management

of this vital resource.

This section provides the detailed delineation and

mapping of major river basins, their characteristics

and also highlights the significant changes in land

cover patterns at each Agency level. This will help

to devise proper management strategies for

sustainable surface water management. 

5.1.2 Methodology

For the delineation of various river basins and

assessment of surface water resources in FATA,

Soil and Water Assessment Tool (SWAT) model

has been applied as a major tool. This distributed

model is jointly developed by United States

Department of Agriculture (USDA) and Taxes A&M

University, USA. The remote sensing and GIS

derived data inputs such as Digital Elevation

Model (DEM, 30 meter), landuse/landcover (FAO)

and harmonized world soil datasets (HWSD) are

used in SWAT model. The Shuttle Radar

Topographic Mission, the topography, land use /

land cover and soil are the three important

parameters of any watershed which controls the

distribution of precipitation into; infiltration,

evaporation and runoff. The combination of slope,

soil and land-cover makes important responding

units called Hydrological Response Units (HRU’s).

These HRU’s are generated by SWAT model by

subdividing the watershed into areas having

unique land use and soil combination. The HRU’s

are areas within a watershed that respond

hydrologically similarly to a given input and are

means to representing the spatial variability of a

watershed. The model performs all the

calculations on the basis of HRU’s whereas; the

flow and water quality variable are being routed

from HRUs to sub-watersheds and finally reaches

to the watershed outlet. The SWAT simulation is

composed of two-component system, the land

and channel hydrology. The land portion of the

hydrologic cycle is based on a water mass

balance. The soil water balance is calculated

from the equation-1, which is the key

consideration of the model in each HRU.

———————(1)

Where SW is the soil water content, SWt is soil

water content time in days for the simulation

period t, and R, Q, ET, P, and QR respectively are

the daily precipitation, runoff, evapo-transpiration,

percolation, and return flow. 

The model uses Conservation Service Curve

Number (SCS-CN) to estimate the runoff

generation whereas potential evaporation is

calculated by following any one of the three

famous methods called; Hargreaves, Priestly-

Taylor or Penman-Monteit. The SCS-CN is a

widely used method for the prediction of

approximate amount of runoff from a given

rainfall event. The CN ranges from 30 to 100. The

lower number indicates the low runoff potential

whereas, the large CN value refers for the

increasing runoff potential. Based on the

hydrological characteristics, FATA is divided into

5 major river basins (Swat, Kabul, Kurram, Tochi

and Gomal). Keeping in view the limitations of

PMD climatic stations in FATA, the Climate

Forecast System Reanalysis (CFSR) data

developed by National Centers for Environmental

Prediction (NCEP) is used for climatic information.

The CSFR is basically re-analysis data which is

completed globally over a period of 31-year

period of 1979 to 2009 in January 2010. The

CFSR was designed and executed as a global,

high resolution, coupled atmosphere-ocean-land

surface-sea ice system to provide the best

estimate of the state of these coupled domains

over this period. After completing all the model

inputs pertaining to spatial and temporal

datasets, the model is setup for the yearly

simulation of stream flow over the period of 14

years (2001-2014). Keeping in view the observed

data limitations, the model results are compared

with the previously available discharge data

(1975-1991) of few rivers at few locations. The

model is simulated many times by changing the

evapo-transpiration calculation method, value of

CN2, ESCO, etc. to get the best match between

model output and observed data. 

The Agency-wise landcover changes have been

also analyzed to study the impact of human
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interactions as well as natural hazards (floods,

droughts, landslide, etc.) in the study area. The

maps such as slope and landcover are found

useful to understand the spatial variations at sub-

basin levels. 

5.1.3 Results and Discussion

5.1.3.1 Topography

The topography of FATA is highly undulating. The

elevation ranges from 234 to 4541meters (Figure

5.1). The agencies of North Waziristan, South

Waziristan, Kurram, Khyber and Orakzai are at

high elevation than Mohmand and Bajaur

agencies. The slope classification is a good

indicator for the understanding of topographic

nature of the study area. Figure 5.1 shows the

slope variations over FATA. Most of the area of

Upper FATA is under extremely steep to

excessively steep slope (> 30% gradient)

whereas, the lower part falls under gentle to

steep slope category (<30 % gradient). The areas

where slope is steeper, they are more prone to

flash flooding and land-sliding events. Basically,

the topography derives the hydrology of any

particular area. 

5.1.3.2 Hydrology

The analysis of topographic variations indicates

that surface water flows from North-West to

South-Eastward direction (Figure 5.3). Four out of

five major rivers of FATA originate from

Afghanistan while Swat River originating in

Pakistan, enters to Afghanistan and then reenters

in Pakistan. However, all these rivers join Indus

River at the end. The Gomal River basin followed

by Kabul River are two main river basins which

cover the major basin area in FATA. The detailed

characteristics of each river basin covering only

FATA area are summarized in Table 5.1. 

5.1.3.3 Climatology

The FATA area falls in semi-arid zone. Based on

Pakistan Meteorological Department (PMD) data,

the average annual rainfall of Peshawar and Dera

Ismail Khan (DI Khan) is calculated as 553 mm

and 384 mm (Figures 5.4 & 5.6) respectively.

Being close to Peshawar, the upper part of FATA

receives more rainfall than lower part. The long

term rainfall trend indicates that the quantum of

rainfall is increasing gradually. As a result of

climatic implications, the communities of these

areas are now experiencing more intensified

rainfall events with short duration. Therefore,

flashy type of flooding has become more

common than past. At both stations, the

minimum and maximum temperature remains

around 30 C˚ in summer and around 15 C˚ in

winter seasons (Figures 5.5 & 5.7). The analysis

of maximum shows that DI Khan area is a bit

warmer than Peshawar.

Table 5.1: Characteristics of Different River Basins of FATA

1 Gomal 722.00 3484.00 8651.45

2 Kabul 282.00 2303.00 5518.85

3 Tochi 344.00 3311.00 4938.49

4 Kurram 1171.00 4706.00 4551.75

5 Swat 668.00 3197.00 3089.14

Sr. No. River Basin Minimum Maximum River Basin Area 

Name Elevation Elevation (Sq.Km)
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Figure 5.1: Topographic variations over FATA
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Figure 5.2: Variations in slope over FATA
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Figure 5.3: Watershed delineation
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Figure 5.4: Variations in Rainfall at Peshawar from 2000-2016

Figure 5.5: Variations in Temperature at Peshawar from 2001-2014

Zulum-Bajaur
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Figure 5.6: Variations in Rainfall at Dera Ismail Khan from 2001-2014

Figure 5.7: Variations in Temperature at Dera Ismail Khan from 2001-2014
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5.1.3.4 Land Cover Changes

The analysis of land cover changes provides a

good basis for sustainable environmental

planning and management. For this purpose, the

land cover (LC) changes have been analyzed over

a period of 30 years ranging from 1990-2010. At

an interval of ten years (1990, 2000, 2010), the

variations in area coverage under each LC class

has been evaluated at each Agency level. The

data of 30meter resolution published by

International Centre for Integrated Mountain

Development (ICIMOD), Nepal has been used for

the study of land cover changes over FATA. This

data has been classified into 13 land cover

classes (Table 5.2).

The statistical analysis demonstrates that the

major increase in area coverage has been

estimated under land cover class “bare

soil/rocks” averagely about 7.6 % during the

period of 30 years (1990-2010) over seven

agencies of FATA (Figure 5.8). However, the

maximum reduction (4.8 %) in area coverage has

been observed under “dense coniferous forest”

class. The Figures 5.9 to 5.11 shows annual land

cover changes during the year 1990, 2000 and

2010 whereas the Agency-wise comparison of

land cover changes against each class is shown

from Figures 5.12 to 5.25. During the period

1990-2010, the bare soil / rocks and grasses

/shrubs are analyzed as dominant land cover

classes in terms of area coverages in Bajaur

(40%, 30%), Khyber (48%, 16%), Kurram (24%,

38%), Mohmand (80%, 8%), North Waziristan

(60%, 16%) and South Waziristan (60%, 20%)

respectively whereas the major land cover

classes in Orakzai Agency are grasses/shrubs

(34%) and cropped agriculture (20%).

Table 5.2: Details of land cover classes
over FATA

1 Dense coniferous forest

2 Sparse coniferous forest

3 Dense mix forest

4 Sparse mix forest

5 Dense broadleaf forest

6 Sparse broadleaf forest

7 Grasses/Shrubs

8 Peatland

9 Agriculture (cropped)

10 Agriculture (fallow)

11 Bare Soil/Rocks

12 Snow/Glaciers

13 Waterbodies

Sr. No. Land Cover Class

Malana Dam -Kurrram
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Figure 5.8: Average changes in area coverage under each land cover class in seven agencies

of FATA from 1990-2010
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Figure 5.9: Spatial changes in land cover coverage during the year 1990



93

Figure 5.10: Spatial changes in land cover coverage during the year 2000
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Figure 5.11: Spatial changes in land cover coverage during the year 2010
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Figure 5.12: Statistical analysis of land cover changes in Bajaur Agency from 1990-2010

Figure 5.13:% ile changes of land cover classes in Bajaur Agency from 1990-2010
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Figure 5.14: Statistical analysis of land cover changes in Khyber Agency from 1990-2010

Figure 5.15:% ile changes of land cover classes in Khyber Agency from 1990-2010
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Figure 5.16: Statistical analysis of land cover changes in Kurram Agency from 1990-2010

Figure 5.17:% ile changes of land cover classes in Kurram Agency from 1990-2010
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Figure 5.18: Statistical analysis of landcover changes in Mohmand Agency from 1990-2010

Figure 5.19:% ile changes of landcover classes in Mohmand Agency from 1990-2010
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Figure 5.20: Statistical analysis of landcover changes in North Waziristan Agency from 

1990-2010

Figure 5.21: % ile changes of landcover classes in North Waziristan Agency from 1990-2010
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Figure 5.22: Statistical analysis of landcover changes in Orakzai Agency from 1990-2010

Figure 5.23: % ile changes of landcover classes in Orakzai Agency from 1990-2010
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Figure 5.24: Statistical analysis of land cover changes in South Waziristan Agency from 

1990-2010

Figure 5.25: % ile changes of land cover classes in South Waziristan Agency from 1990-2010
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Based on SWAT modeling, the discharges of five

major rivers flowing through FATA area have been

simulated over the period 2001-2014. Due to the

limitation of station data relating to climatological

information such as rainfall and temperature, the

globally available Climate Forecast System

Reanalysis (CFSR) data is used in the model. The

CFSR data is of 0.25˚ x 0.25˚ (approximately

25km x 25 km) with high temporal frequency of

hourly to daily. The CFSR

(https://rda.ucar.edu/pub/cfsr.html) covers the all

required parameters of weather data including

rainfall, temperature, relative humidity, solar

radiation and wind speed for hydrological

simulations in SWAT Model. The first two years

(2001, 2002) have been considered as model

warm up period whereas the temporal length

from 2003 to 2014 have been used for the

simulation of surface water flows. The Figure 5.26

shows the basin area of each river along with the

location of sub-basins in FATA. The results of

simulated discharges have been extracted as

outflow of last sub-basin against each river. For

this purpose, the sub-basin 40, 44, 95, 97 and

141 have been considered for the extraction of

simulated discharges against River Swat, Kabul,

Kurram, Tochi and Gomal respectively. The river

discharges of 5 major rivers of FATA have been

summarized in Table 5.3 whereas the discharge

hydrographs are given in Figure 5.27. Due to

measured discharge data limitations, the

calibration of simulated discharges with in FATA

area is very challenging. From 2001-2014, the

average annual discharges of about 164.03,

352.73, 128.45, 70.48 and 65.06 (m3/s) have

been estimated for Swat, Kabul, Kurram, Tochi

and Gomal rivers respectively. These are the

estimated discharges which need to be calibrated

with measured data for accuracy purposes.

Averagely in FATA area, a surface water potential

of about 156.15 (m3/s) is estimated to be

available over the period 2003-2014 (Table 5.3). It

is a good potential of surface water which is

required to be efficiently managed for sustainable

water resource planning in FATA. The analysis of

discharge hydrographs (Figure 5.27) indicate an

overall increasing trend of all five rivers in FATA

area.

Table 5.3: Simulated discharges of major rivers flowing through FATA from 2003-2014

2003 113.60 194.00 55.22 31.65 24.74 83.84

2004 57.33 153.80 40.30 14.70 25.59 58.34

2005 132.70 310.40 111.50 56.17 71.12 136.38

2006 115.00 229.10 107.00 69.92 74.36 119.08

2007 121.80 344.90 120.60 47.88 70.33 141.10

2008 116.70 246.10 91.38 31.52 39.06 104.95

2009 166.00 401.60 138.60 58.24 40.29 160.95

2010 203.00 391.00 154.50 102.80 113.60 192.98

2011 199.20 303.90 107.80 70.52 87.21 153.73

2012 188.90 490.80 168.20 98.13 80.97 205.40

2013 242.00 429.20 160.20 107.20 75.55 202.83

2014 312.10 737.90 286.10 157.00 77.94 314.21

Average 164.03 352.73 128.45 70.48 65.06 156.15

Year Swat Kabul Kurram Tochi Gomal Average
River River River River River Discharges of

Discharge Discharge Discharge Discharge Discharge all 5 Rivers of
(m3/s) (m3/s) (m3/s) (m3/s) (m3/s) FATA (m3/s)
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Figure 5.26: Location map of sub-basins in FATA
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Figure 5.27: Simulated discharge hydrographs of major rivers flowing through FATA area 
from 2003-2014



5.1.3.6 Estimation of Water Balance

The components of water balance represent the distribution of rainfall to various hydrological

processes. The SWAT Model generated water balance components and their contribution in FATA area

are given in Figure 5.8. Based on CFSR gridded weather data, the average annual precipitation of 643.4

mm is calculated by SWAT model over 2001 to 2014. The surface runoff (44.9%) and evapo-

transpiration (39.5%) are found most dominant components of water balance. The high runoff is due 

to the fact that about 54.9% area of

seven agencies of FATA consists of bare

soil landcover class as found in

landcover of 2010. The deep

percolation 5 mm (0.8%) is basically

total aquifer recharge on average annual

basis from 2001 to 2014. The SWAT

model simulated average annual evapo-

transpiration of 254 mm closely

matches with 260 mm reported by

MODIS satellite evapo-transpiration

product (MOD16A3) averagely over

study area.

5.1.3.7 Calculation of Water Demand

For the calculation of total water

demand, the water use for livestock,

domestic and agriculture sector has

been estimated separately for the year

2014. Based on FATA Development

Statistic 2015, the water requirement

for livestock has been estimated for

2014. The Agency-wise total water

requirement for livestock has been

calculated against all species of

livestock and is summarized in Table-

5.4. Similarly, the domestic water

requirement is calculated in the of WHO

guidelines which describe that minimum

50 litres per capita daily water is

required to meet water requirements for drinking, cooking, personnel washing, washing clothes and

cleaning home (Figure 5.29). As per WHO guidelines (WHO Technical Note No.9), the daily drinking

water requirement is 10 litres whereas the FATA Water Policy states that 20 litres per capita daily water

is required to meet drinking water requirements. So, incorporating this 10 litres additional requirement,

the current estimation for domestic water requirement is based on 60 litres per capita per day 

(Table-5.5).
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Figure 5.28: Distribution of rainfall into various
components of water balance

Figure 5.29: Hierarchy of domestic water requirement
against various uses (WHO Technical Note No.9)
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Table 5.4: Calculation of Water Demand for Livestock for 2014-2015

Agency Species Water Requirement Water Requirement Livestock Water Demand
(liter/day/head) (m^3/day/head) (Nos.) Estimation

(m^3/day)

Bajur Cattle 45 0.045 5952.33 2172600.45

Buffaloes 75 0.075 1140.525 416291.63

Sheep 12 0.012 636.3 232249.50

Goats 12 0.012 208.296 76028.04

Camel 65 0.065 27.105 9893.33

Sub-Total 2907062.94

Khyber Cattle 45 0.045 7011.765 2559294.23

Buffaloes 75 0.075 770.55 281250.75

Sheep 12 0.012 2285.736 834293.64

Goats 12 0.012 6349.764 2317663.86

Camel 65 0.065 53.69 19596.85

Sub-Total 6012099.33

Kurram Cattle 45 0.045 5465.565 1994931.23

Buffaloes 75 0.075 237.825 86806.13

Sheep 12 0.012 920.376 335937.24

Goats 12 0.012 1363.056 497515.44

Camel 65 0.065 3.055 1115.08

Sub-Total 2916305.11

Mohmand Cattle 45 0.045 10464.48 3819535.20

Buffaloes 75 0.075 257.925 94142.63

Sheep 12 0.012 1606.644 586425.06

Goats 12 0.012 4538.94 1656713.10

Camel 65 0.065 28.015 10225.48

Sub-Total 6167041.46

North Cattle 45 0.045 9471.6 3457134.00

Waziristan Buffaloes 75 0.075 1403.7 512350.50

Sheep 12 0.012 2802.732 1022997.18

Goats 12 0.012 3167.748 1156228.02

Camel 65 0.065 178.49 65148.85

Sub-Total 6213858.55

Orkzai Cattle 45 0.045 2895.12 1056718.80

Buffaloes 75 0.075 973.425 355300.13

Sheep 12 0.012 578.424 211124.76

Goats 12 0.012 1295.184 472742.16

Camel 65 0.065 16.25 5931.25

Sub-Total 2101817.10

South Cattle 45 0.045 6057.495 2210985.68

Waziristan Buffaloes 75 0.075 1100.775 401782.88

Sheep 12 0.012 3763.668 1373738.82

Goats 12 0.012 4789.644 1748220.06

Camel 65 0.065 608.14 221971.10

Sub-Total 5956698.53
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Table 5.5: Calculation of Domestic Water Demand for 2014

Bajur 60 0.06 21.9 857041 18769197.90

Khyber 60 0.06 21.9 787212 17239942.80

Kurram 60 0.06 21.9 645502 14136493.80

Mohmand 60 0.06 21.9 481564 10546251.60

Nort Waziristan 60 0.06 21.9 520141 11391087.90

Orkzai 60 0.06 21.9 324603 7108805.70

South Waziristan 60 0.06 21.9 618909 13554107.10

Total - - - 4234972 92745886.80

Agency Water Water Water Population Water
Requirement Requirement Requirement Demand

(liter/day/head) (m^3/day/head) (m^3/yr/head)

Table 5.6: Calculation of Agricultural Water Demand for 2014

Bajur 293.54 0.29 159.63 46857.24 39907.72

Khyber 295.79 0.30 166.48 49244.22 41620.58

Kurram 295.79 0.30 232.45 68755.90 58111.60

Mohmand 233.07 0.23 12.99 3027.79 3247.72

North Waziristan 187.97 0.19 76.66 14410.15 19166.01

Orkzai 305.81 0.31 264.67 80936.31 66166.60

South Waziristan 187.97 0.19 110.30 20733.40 27576.14

FATA 257.13 0.26 1023.19 283965.02 255796.37

Agency Average Actual Average Actual Agricultural Agricultural Agricultural
ET (Kg/m2/Year) ET (m/Year) Area (Sq.Km) Water (m3/year) Water (m3/year)
from 2011-2014 from 2011-2014 for 2014 for 2014

The Table 5.6 explains the calculations for agricultural water demand which is estimated based on

satellite actual evapotranspiration from agricultural area named as land cover class of agriculture

(cropped). The total area coverage against agricultural (cropped) class of land cover 2010 is about

4.4%. The MODIS satellite ET product (MOD16A3) having spatial resolution of 250 km has been used

and accordingly water requirement has been estimated (Table 5.6). The total water demand is

summarized in Table 5.7 which is estimated as 125.3 MCM for the year 2014. 
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5.1.3.8 Calculation of Water Resource Availability

Based on SWAT model simulations, an average surface water potential of 156 m3/sec is available in five

tributaries (Swat, Kabul, Kurram, Tochi and Gomal) in Agency area of FATA over the period 2003-2014

(Table-5.3). Therefore, about 4,924.34 MCM surface water resource is averagely available in Agency

area of FATA which is very close to 3,577.11 MCM (2.9 MAF) as reported in earlier study conducted by

IUCN on Water Challenges and Water Governance in FATA, Pakistan (IUCN, 2015).

The calculations for groundwater potential are based on the results of 30 electrical resistivity survey

(ERS) probes conducted in the study area (Figure-4.14).  The average of maximum groundwater

potential depth in each Agency is used for the calculation of total groundwater potential which is

estimated as 143.94 MCM (Table-5.9). Therefore, it is estimated that a total water resource of 5,068.29

MCM is available averagely in the study area.

Table 5.7: Total Water Demand for Seven Agencies of FATA for 2014

Bajaur 2,907,063 2.91 18,769,198 18.77 46,857.24 0.05 21723139.76 21.7231

Khyber 6,012,099 6.01 17,239,943 17.24 49,244.22 0.05 23301309.60 23.3013

Kurram 2,916,305 2.92 14,136,494 14.14 68,755.90 0.07 17121571.86 17.1216

Mohmand 6,167,041 6.17 10,546,252 10.55 3,027.79 0.00 16716337.56 16.7163

North Waziristan 6,213,859 6.21 11,391,088 11.39 14,410.15 0.01 17619374.21 17.6194

Orkzai 2,101,817 2.10 7,108,806 7.11 80,936.31 0.08 9291568.32 9.2916

South Waziristan 5,956,699 5.96 13,554,107 13.55 20,733.40 0.02 19531558.54 19.5315

FATA 32,274,883 32.27 92,745,887 92.75 283,965.02 0.28 125304859.84 125.30

Agency Livestock Livestock Domestic Domestic Agricultural Agricultural Total Water Total Water
Water Water Water Water Water Water Demand Demand

Demand Demand Demand Demand (m3/Year) (MCM/Year) (m3/Year) (MCM/Year)
(m3/Year) (MCM/Year) (m3/Year) (m3/Year) for 2014 for 2014 for 2014 for 2014

for 2014-15 for 2014 for 2014 for 2014

Table 5.9: Groundwater resource availability in seven agencies of FATA

Bajur 320 97.44 1,359.85 1,359,848.57 132,502,317.57 53,000,927 53.00 5.30

Khyber 624 190.18 2,731.24 2,731,239.14 519,435,053.02 207,774,021 207.77 20.78

Kurram 383 116.72 3,387.15 3,387,149.81 395,338,212.64 158,135,285 158.14 15.81

Mohmand 94 28.65 2,256.56 2,256,556.49 64,642,087.71 25,856,835 25.86 2.59

Nort Waziristan 566 172.60 4,890.75 4,890,749.16 844,161,198.01 337,664,479 337.66 33.77

Orkzai 610 185.89 1,375.72 1,375,716.91 255,737,944.95 102,295,178 102.30 10.23

South Waizistan 373 113.75 6,226.70 6,226,695.52 708,286,614.93 283,314,646 283.31 28.33

Total  531 161.89 22,227.96 22,227,955.59 3598,489,152.72 1,439,395,661 1439.40 143.94
Groundwater
Potential of FATA

Agency Average Average FATA FATA Area Total Volume Total Volume Total Volume Total Active
GW GW Area (Km2) of Water of Water of Water Storage

Potential Potential (Km2) Content (m3) Content (m3) Content (MCM)
Depth (ft) Depth (m) (MCM)

Table 5.8: Surface water resource availability in seven agencies of FATA

156.15 4,924,346,400 4,924.35

Total Surface Water Total Surface Runoff (m3/Sec) Total Surface Runoff (m3/Year) Total Surface Runoff (MCM/Year)
Potential of FATA
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5.1.3.9 Annual Water Budgeting

Based on previous studies, FATA Development Statistics, 2015 and socio-economic survey 

conducted under current study, it is estimated that the surface water is mainly used to meet 

irrigational requirements in agriculture sector as well as for livestock to manage their drinking

requirements. Whereas, the domestic requirements are completely dependent on groundwater

resource, it is also used for meeting demands of around 30% agriculture to manage water demand for

different crops. In this perspective, about 92.83 MCM is supplemented through groundwater along with

32.56 MCM of surface water to meet total water demand of 125.30 MCM for the year 2014 (Table-5.10).

Resultantly, a balance of about 4,942.90 MCM is available as surplus resource. Therefore there is a

need to maximally harvest the surplus surface water resource of about 4,891.79 MCM which is not

properly harvested so far.

5.2 Soil Physical and Hydrological Characteristics

This activity was carried out to characterize the soil conditions and soil physical as well as hydrological

characteristics of the area. This involve measurement and determination of soil texture, infiltration rates,

and moisture retention. These characteristics will ultimately determine the runoff potential for flood

protection and water management; and potential of soil in terms of agricultural production. 

5.2.1 Methodology

5.2.1.1  Infiltration Rate Measurement

The infiltration tests were carried out using double-ring infiltrometers having 30 cm height, and 60 cm

and 30 cm diameter of outer and inner rings, respectively. A step-wise pit was dug having provision for

carrying out test at the surface (0.0 m), 0.5 m (middle layer) and 1.0 m (bottom layer) depths to

accommodate the infiltrometers. Once both rings were filled with water to a specific level, water was

fed in the inner ring to maintain a constant head from a water-filled container placed over a weighing

balance. Hence the total reduction in the weight at any time lapse gave cumulative volume of water

Table 5.10: Annual Water Budget

Livestock Water 

Use 4,924.3464 32.27 100 32.27 143.94 32.27 0 0.00

Domestic Water 

Use 92.75 0 0 92.75 100 92.75

Agricultural 

Water Use 0.28 100 0.28 0.28 30 0.09

Total - 125.30 - 32.56 - 125.30 - 92.83

Remaining 

Resource 

Potential 4,891.79 51.11

Balance (Surface 

Water + 

Groundwater) 4,942.90

Water Usage in Surface Water Usage Groundwater Usage

Sub-sectors Total Potential Demand % Use Actual Total Demand % Use Actual
(MCM/Year) (MCM/Year) Usage Potential (MCM/Year) Usage

(MCM/Year) (MCM/Year) (MCM/Year)
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infiltrated (Malik and Ashraf, 2017). This data was fitted against Horton (1940) infiltration functions given

by equations 1 and 2 to obtain Horton infiltration parameters of “fc” and “k”. 

(1)

(2)

Where:  is the infiltration rate at time t;

is the initial infiltration rate or maximum infiltration rate;

is the constant or equilibrium infiltration rate after the soil has been saturated or minimum infiltration

rate;

k is the decay constant specific to the soil.

The observed data was presented in graphical form with time on x-axis and cumulative infiltration (mm)

and incremental infiltration rate (mm/hr) on primary and secondary Y-axis. We regressed the data on

both, cumulative infiltration and incremental infiltration rate but we adopted the former as it gives better

fit to the observed data in terms of R2 as also demonstrated by PCRWR (2017).

Figure 5.30: Operational set up of single Infiltrometer installed at the surface layer in the field



5.2.1.2 Collection of Soil Samples

Soil samples were collected from pits which were

dug for infiltration tests (Figure 5.30). These

samples were undisturbed soil samples collected

in steel cans of 50 mm diameter and 30 mm

depth, from the surface, 0.5 m and 1.0 m depths.

Five samples from each surface were collected

and duly coded. In FATA region, the sites were

given code as below:

BJR for Bajaur Agency

MHD for Mohmand Agency

OKZ for Orakzai Agency

KHY for Khyber Agency

KRM for Kurram Agency

SW for South Waziristan Agency

NW for North Waziristan Agency

These codes were followed by the site number

and then by the layer from which the sample has

been collected and serial number of the sample.

For instance, BJR-1/S-1 indicates the sample # 1

taken from surface layer of site # 1 in Bajaur

Agency, and similarly KRM-4/B-5 is sample # 5

taken from the bottom layer of site # 4 in Kurram

Agency.  
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Figure 5.31: Double Infiltrometer set-up in all three layers of a specific site (surface, middle,
and bottom layers from right to left respectively)
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5.2.1.3 Measurement of Soil Moisture

Retention at Low Suction

For measurement of soil moisture retention

parameters at low suction, Hein’s Tension Table

Assembly (Hein’s Apparatus) developed by

PCRWR were used (Malik and Ashraf, 2017).

Saturated samples placed in the Hein’s Tension

Table Assembly were subject to five different

suction head values ranging from 2 cm to 150

cm, after which the samples were dried and their

dry bulk density, gravimetric moisture contents

and volumetric moisture contents were

determined.

5.2.1.4 Determining Moisture Retention at

High Suction

Moisture retention at higher suction was

determined using Pressure Plate Extrators for

suction pressures of 1, 5 and 15 bars only. The

extractor plates with soaked samples on them

were placed in individual extractor vessels and

simultaneousy run for suction pressures of 1, 4-5

and 14-15 bars. Equilibrium was considered to

be achieved when the samples stopped releasing

water. The samples were dried and their dry bulk

density, gravimetric moisture contents and

volumetric moisture contents were determined.

5.2.1.5 Fitting of Moisture Retention Function

Moisture retention determined with Tension Table

Assemblies comprisng five data sets and those of

Pressure Plate Extractors comprising three data

sets were collated. The collated eight data sets

were regressed on Van Genuchten moisture

retention function (Van Genuchten 1980) given by

equation 3.

Figure 5.32: Undisturbed soil samples collected from all the three layers



(3)

Where:

is the water retention (cm3/cm3) at given

soil suction;

is suction pressure (cm of water);

is saturated water content (cm3/cm3)

corresponding to zero suction,

is residual water content (cm3/cm3);

moisture content corresponding to the suction

when gradient of the curve approaches zero.

is related to the inverse of the air entry

suction,  (cm”1); and is a measure of the pore-

size distribution,  (dimensionless).

The saturated moisture contents so determined

were considered as moisture retention at zero

suction. The observed and fitted data were

prepared in graphical form as fractional moisture

content on Y-axis and suction in centimeter on

logarithmic x-axis.

5.2.1.6 Texture Analysis of Filled Soil Samples

Texture analysis was carried out by Hydrometer

Method, using standerd hydrometer and 1000ml

pyric cylinder (Malik and Ashraf, 2017). 90

samples from 30 sites of FATA regions were

analysed in the soil physics laboratory of

PCRWR. Readings for Silt and Clay were taken

after 40-45 seconds and readings for Clay only,

were taken after 2 hours of shaking the samples

in standard cylinder. 

5.2.1.7 Determining Soil Organic Matter

The soil organic matter was determined for its

importance in soil moisture retention

characteristics. For this purpose, soil weight loss

method was used as elaborated by Malik and

Ashraf (2017). The organic matter was

determined as weight loss of unit weight of dry

soil (dried at 105°C) on burning in muffle furnace

(at 400°C) per unit weight of oven dried soil in

terms of% age.

5.2.2 Results and Discussion

5.2.2.1 Soil Texture Results and Mapping

The Table 5.4 and Figure 5.31 display a summary

result of the soil texture analysis carried out in the

seven surveyed agencies of FATA. The number of

total sites is 30 (with 3 layers each).The soil

samples were obtained from the same spatial

locations where soil physical surveys were carried

out. Each layer was analysed separately for soil

texture and hence soil types were determined. A

total of five soil types were exhibited in all three soil

layers. The most dominant soil type was found as

Silt Loam having a frequency of more than 50 % in

surface layer, while in both middle and bottom

layers it shows a frequency of 40%. This shows

that clay particles are washed down towards

deeper layers retaining higher percentage of silt in

upper layers. The second most dominant soil type

was Loam, showing an increasing trend as the

layer deepens, with an almost 24 % frequency in

surface, 27 % in middle and 37 % in bottom layer.

The map below (Figure 5.32) shows the spatial

soil distribution obtained from the 30 sampled
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Table 5.11: Summary of Soil Analysis in FATA

Silt Loam 12 12 16

Loam 11 8 7

Sandy Loam 2 4 5

Clay Loam 0 0 1

Silty Clay 2 1 0

Silty Clay Loam 3 5 1

Total 30 30 30

Soil Type Bottom Middle Surface
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sites, interpolated over all seven FATA agencies.

The Theissen polygon methodology was used to

derive this interpolation. Thiessen polygons are

generated from a set of sample points such that

each polygon defines an area of influence around

its sample point, so that any location inside the

polygon is closer to that point than any of the

other sample points.

The surface layer mostly consists of Silt Loam

and Loam, Clay Loam shows a sole presence at

the center of Kurram Agency. As we move to

middle layer the Silt Loam area decreases, while

Silty Clay Loam area increases, especially in

North of Bajaur Agency and central Kurram

Agency. Further deepening of soil layer towards

bottom shows higher area covered by Loam,

especially in South Waziristan Agency, and the

area covered by Sandy Loam almost diminishes,

especially in North and South Waziristan.

5.2.2.2 Soil Infiltration Results & Mapping

Fitting infiltration data on Horton’s infiltration

equation gives the inherent steady state

infiltration rate parameter in the equation. We also

observed that fitting of Horton’s cumulative

infiltration equation persistently give better value

of R2as compared to other infiltration equations

as also exhibited in PCRWR (2017).

GIS Visualization of steady state Horton Infiltration

rate has been shown for all three soil layers in the

map (Figure 5.33) by interpolating the steady state

infiltration rates from the 30 surveyed sites. Inverse

Distance Weighting (IDW) technique was used for

the interpolation. It predicts values for any

unmeasured location using the measured values

surrounding the prediction location. The measured

values closest to the prediction location have more

influence on the predicted value than those farther

away. IDW assumes that each measured point has

a local influence that diminishes with distance and

Figure 5.33: Soil Texture in FATA
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Figure 5.34: Soil Texture in FATA
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Figure 5.35: Infiltration Rate Mapping



it gives greater weights to points closest to the

prediction location.

The results from IDW interpolation of numerical

values of steady state infiltration rate (mm/hr) are

divided into nine equal interval classes. It is

evident that mostly the values range below 75

mm/hr. The pattern emerging in steady state

infiltration among the layers shows that generally

lower values are encountered as soil layer

deepens. It is further evident from the figure that

the area covered by infiltration rate range of 0-15

mm/hr increased with depth, whereas the area

covered with infiltration range of 30-45 mm/hr

decreased with depth. In addition, some areas

show the highest classes of infiltration as the soil

layers deepens. This is easily visible in middle

layer especially in Mohmand Agency, and bottom

layer especially in the west corner of Khyber and

Orakzai agencies, where the higher end classes

occupy more% age. This may be due to

presence of burrows, holes, rock fractures and

macro-pores (PCRWR, 2017).

5.2.2.3 Soil Organic Matter Results & Mapping

Organic matter has direct bearing on infiltration

and soil moisture retention characteristics of soil.

The map in Figure 5.34 exhibits the soil organic

matter (%) in all three soil layers. The GIS

visualization has been obtained by interpolation

from 30 surveyed sites using IDW technique. The

results are divided into six classes with most

values lying in the range of 1% to 2%. However,

the lowest value encountered was 0.37 % while

the highest value was 2.98 %. It is also evident

that the surface layer has higher soil organic

matter values than middle and bottom, while the

middle has higher values than bottom. The major

reason for this pattern is due to presence of

vegetation, shrubs, animal manure etc. nearer to

the soil surface. Hence the least amount of

organic matter is encountered in the deepest soil

layer (bottom layer). Spatially, Bajaur and

Mohmand agencies show the least amount of soil

organic matter in all three layers. Whereas, North

and South Waziristan agencies show the highest

amount of soil organic matter. 
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Figure 5.36: Soil Organic Mapping
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6.1 Introduction

The ecosystem services are directly dependent upon

environmental sustainability. The land cover / landuse,

climatology, disasters and hydrology are the major factors

which effect the environmental sustainability and variations

in these parameters can cause irreversible damage. The

proper assessment of vulnerable areas in FATA is critically

required for effective planning and management of

environmental resources. 

6.2 Methodology

Under this section, the analysis carried out under the

previous section has been used for conducting a

vulnerability analysis of the area. 

6. ENVIRONMENTAL 
PROTECTION 
STRATEGIESGabar Chena-Bajaur
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6.2.1 Vulnerability Analysis

The vulnerability analysis has been conducted

based on the following factors which help evaluate

the environmental health and its sustainability:

i. Changes in land cover 

ii. Biodiversity loss

iii. Hydrological aspects

iv. Climatological implications

v. Water quality status

vi. Natural disasters

For vulnerability analysis, the datasets related to

above mentioned parameters have been collected

through field surveys and relevant departments.

The areas prone to environmental damage have

been identified by applying the vulnerability

indexing and overlay analysis method. 

6.3 Results and Discussion

Based on land cover analysis, it is analyzed that

the% age of area coverage under bare soil / rocks

has averagely increased by 7.6% (Figure 6.1) in all

agencies of FATA which reveals the existence of

deforestation phenomena. This deforestation

indicates not only the loss of biodiversity as well

as increasing risk of natural hazards such as flash

flooding and land sliding in terms of their intensity.

The Mohmand followed by North and South

Waziristan are top ranked prone agencies due to

deforestation. Few areas of Kurram and Khyber

agencies are also found prone to land sliding

because of steep slope (> 30% gradient) (Figure

6.2). With respect to water quality, Mohmand and

North Waziristan agencies have marginal to

slightly high concentration of TDS (<1526 ppm) in

groundwater (Figure 6.3). The higher concentration

of TDS and microbiological contamination can

cause heath issues to the communities of these

areas. The time series analysis of rainfall variations

reveals limited surface water resource due to

rainfall distribution which is less in the lower part

especially in South and North Waziristan. 

Malana Dam -Kurrram
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Figure 6.1: Land cover change analysis in Agency areas of FATA from 1990-2010
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Figure 6.2: Slope classification of FATA
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Figure 6.3: TDS variations in groundwater of Agency areas of FATA
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Based on the analysis of above mentioned

parameters, it is concluded that Mohmand, North

Waziristan, South Waziristan and Kurram agencies

are the most vulnerable to environmental damage.

For these areas, an immediate consideration and

adoption of reactive approaches are required for

environmental sustainability of FATA area.

6.4 Strategies for

Environmental Protection

“Water Crisis is often Governance crisis”. This

includes multitude of gaps in water resources

management system, which is the case with FATA.

A number of issues has been identified and

discussed in details in previous sections which

require an integrated and holistic approach to

ameliorate the situation. Therefore, following

strategies are being proposed:

i. Development of an information

database/inventory comprising of

complete assessment of water and

environmental resources

l Establish meteorological observation

network in all agencies of FATA

considering the variable nature of its

climate and hydrology.

l Install flow measurement stations on

mean rivers and streams to generate

seasonal and sub-seasonal flow

information.

l Assessment on total available water

resources in all seven agencies, and

water resources shared with neighbouring

regions (Khyber Pakhtunkhwa Province

and Afghanistan).

l Develop or improvise the system for

continuous monitoring for groundwater

table and quality.

l Establish a network of Water quality

testing laboratories to monitor the quality

of surface and groundwater resources

besides monitoring the quality of drinking

water.

l Establish a system for monitoring

sanitation network of the communities.

l Integrate the database of forests and

rangelands with river and water stream

ecosystem.

l Record keeping of environmental and

hydrological disasters.

l Undertaking a complete assessment of

Climate Change vulnerability to the

ecosystem and water resources of FATA

agencies.

ii. Development of infrastructural,

technological and human resource

capacity of the institutions and

stakeholders concerned

l Develop technological capacity of the all

the institutions concerned; state of the art

water quality testing laboratories, flow

measurement gauges for surface water

bodies, modern instruments for

groundwater table monitoring,

meteorological observatories and weather

station, research and development

infrastructure etc.

l Continuous capacity building and skill

development of human resource in

relevant institutions both on local and

international forums.

l Develop institutional and infrastructural

capacity of water resources management

through systematic capacity development

program.

l Opportunities to the youth of FATA may

be explored in national universities for

higher education in water resources

management and environmental

sciences.

l Development of Research and

Development capacities of the concerned

institutions for promoting on-site research

in FATA for water resources management

and environmental protection.



iii. Legislating and enforcing laws and

regulations for water resources use,

management and environmental protection

l Enforce water quality standards for

surface water bodies, agricultural use and

drinking water by conducting necessary

legislation

l Develop environment and water

protection laws 

l Establish special bench in district and

union council administrations for

enforcing environment protection laws

l Approve water, drinking water and

climate change policies

iv. Enhancing public awareness on the

importance of water resources

environmental protection

l Initiate public awareness programs on

drinking water safety and environmental

cleanliness. In order to disseminate

public awareness, every local and

indigenous social mobilization system

needs to be revived.

l Literature on water resources

management and environmental

protection in the light of “Quran &

Sunnah” needs to be aligned. Help of

religious clerics is to be sought to

disseminate the importance of water to

the public.

l Promotion of education on water

resources and environmental sciences at

school level

v. Integrating forest management and

rangeland management with watershed

management

l Protection of forestry and rangelands in

the context of watershed management

l Devise integrated forest management

strategy in flood plain and watershed of

rainfall streams and riverine streams.

vi. Taking water as a social commodity,

following an integrated approach for

involving private and public partners

l Capacity building of existing

administrators of water and

environmental resources

l Capacity building of institutions to

develop linkages among themselves and

to the society

l Mechanism to involve political circles into

critical aspects of water and

environmental resources protection

l Increase coordination with national

universities, private sector and local

social organization for information

sharing, research and development and

public awareness.

l Develop linkage of water governance with

good governance.

vii. Ensure Safe drinking water quality in FATA

l Unprotected open wells springs ponds

are the major cause’s heavy microbial

load in drinking water sources of FATA.

The open well, storage tank and spring

should be protected from entering any

type of contamination from outside.

l The water quality monitoring and

surveillance should be regular activity by

water service provider in FATA to ensure

the quality of water being supplied. When

new water sources are identified for the

supply of water those should be tested

for microbiological as well as chemical

contamination. 

l The entire drinking water in all water

supply schemes should be chlorinated

before distribution to general public. That

should be mandatory even if the source

water is safe until the problem of

sanitation and open defecation are not

solved. 

l Remedial measures should be taken for

proper sanitation and open defecation

should be discourages to save the

environment from fecal contamination.
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l The surface water should be conserve for

the domestic agriculture and livestock

use by the construction of small reservoir

in the Agencies i.e. Khyber, Mohmand

and North Waziristan where the

groundwater depletion is high.

l Where new water supply schemes are

installed on groundwater sources, the

groundwater recharge management

should be done for the sustainability of

the water source and to protect the

quality of groundwater sources.

l There should be clear segregation of

responsibilities in Regulators, Service

Providers and Surveillance bodies of

FATA.
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Socio-economic Survey Questionnaire

FATA Water Governance Studies

Agency: ______________ Tehsil:____________________ Date:      /      /2017

Village Name :__________Village GPS:___________________ Village Code:_____  

1. What is total population of the village?

2. Is there any boys or girls school in the village?

(i) Yes, At which level it is providing schooling? (i) Primary (ii) Middle (iii) Matric

(i) No, Where do your children go for schooling? Place Name_________________

Distance____________

3. Is there any hospital available in the village?

(i) Yes, What type of hospital is it?  (i) BHU (ii) THQ (iii) DHQ (iv) Dispensary 

Which type of facilities does it provide? __________________________________

(ii) No, Where do you go for health seeking?____________________

Which kind of hospital is it where you go for health seeking?  

(i) BHU (ii) THQ (iii) DHQ (iv) Dispensary

4.  What kind of diseases are mostly prevailing in your area?

Children: _________________________________________________________

Elder: ________________________________________________________

5. What is the occupation of most of the people in your village? _________________

6. What is minimum and maximum income of an individual in your village? 

Maximum________________ Minimum________________

7. What is the housing pattern in your area? 

(i) Mostly Pakka (ii) Mostly Kacha (iii) Kacha Pakka (iv) Tents

Annexure



8. What is the maximum landholdings of an individual in your village? ____________

9. What are the major crops in your area? 

Rabi:_____________________________________________________________

Kharif: ___________________________________________________________

10. What is irrigation method in your area? _________________________________

11. What is the source of drinking water in your village? (i) Wells (ii) Hand pumps (iii) Spring 

(iv) Other——

12. Do people have toilet system in your area?  (i) Yes (ii) No

13. What is sewerage system in your area? (i) open drain (ii) gutter system 

(iii) lined sewerage.
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