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Questionnaire on the Water Supply Business
Questionnaire 1: Information of WASA in Punjab Province

1. City information

1-1. Name of water supply organization that performs water supply service

Water and Sanitation Agency, Lahore Development Authority, Lahore

1-2. Name of city that performs water supply service

Lahore, Punjab, Pakistan

1-3. Population of water service area (person in Million)

2011 2012 2013 2014

2015 = 6.5

1-4. City area (km2)

Total area Water supply area

1772 km2 350 km2

1-5. Number of service connection (number of water meter)

2011 2012 2013 2015

1-6. Population served by water supply as percentage of total population (%)

2011 2012 2014 2015

2. Water resource / Water treatment

2-1. Water resource (m3/day)

Surface (River /

Dam)
Groundwater Seawater Other

N/A 435 MGD N/A N/A

2-2. Method of water intaken

Ground Water from Tube wells

2-3. Number and capacity of Water Treatment Plant (number, m3)

Number of WTP Total capacity (m3/day)

N/A N/A m3/day

� � � �
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No. WTP Name Built year Capacity
Treatment volume

(average)

N/A m3/day m3/day

2-4. Name and dosing rate of coagulant (mg/L)

Name of coagulant Dosing rate of coagulant (mg/L)

N/A mg/L

2-5. Type of sedimentation and filtration

Type of sedimentation N/A

Type of filtration N/A

2-6. Filtration speed rate (m/day)

Slow sand filter Rapid sand filter

N/A N/A

2-7. Name and dosing rate of disinfection (mg/L)

Name of disinfection Dosing rate of disinfection (ppm)

Sodium Hypo-Chloride Solution 0.1 - 0.2 ppm

2-8. Number and capacity of distribution reservoir (number, m3)

Number Total capacity (m) Minimum reservoir (m3)
Maximum reservoir

(m3)

1,000,000 Gallons 250,000 Gallons 250,000 Gallons

2-9. Production cost of water treatment (PHP/m3)

PHP/m3 USD/m3

N/A N/A

Price of Sodium Hypo-chloride is Rs. 28,679/metric ton

2-10. Number of items of water quality inspection (number)

Everyday Every week Every month Every year

30 samples/day

2-11. Hour of water suspension and supply turbidity water(times, hour/year)

Number of times Total hours

Water suspension N/A N/A

Supply turbidity water N/A N/A



2-12. Describe the problem about water treatment

Problem in disinfection system due to unavailability of appropriate chlorinators.

3. Organization

3-1. Total number of KCWN staff member (person)

2011 2012-13 2013 – 14 (All Staff) 2014 – 15 (All Staff)

N/D 5,737 5,655 6,562

3-2. Total number of engineer staff member (person)

2011 2012 2013 2014-15

N/D N/D N/D 146

3-3. Proportion of staff member according to staff’s age (%)

10’s – 20’s 30’s 40’s 50’s –

N/D % N/D % N/D % N/D %

3-4. Proportion of staff member’s business experience of water supply (%)

– 5 years 5 – 10 years 10 – 20 years 20 – 30 years 30 years –

N/D % N/D % N/D % N/D % N/D %

3-5. Hour of staff’s training (times/person, hour/year/person)

Inner training (exclude OJT) Outsourcing

Times/person Total hour/person Times/person Total hour/person

Engineer N/D N/D N/D N/D

Exclude engineer N/D N/D N/D N/D



4. Water tariff

4-1. Price and consumption of domestic and commercial use (PHP, m3, average per month)

Price Average Consumption

Domestic and Commercial Rs. 364/Connection Detailed Data is available

Commercial use Rs. 1035/ Connection Detailed Data is available

4-2. Collection frequency (month)

Rs. 267.599M (Aug’15) Rs. 187.496M(Jul’15)

4-3. Collection rate of water charge (%)

Domestic use & Commercial use

65% regularly paying, 20% irregularly paying

Domestic and commercial data regarding collection rate is jointly calculated but it can be calculated

separately, if required.

4-4. Describe/Attach the water tariff table

Tariff Attached (Annexure – 1)

Remarks:

# Money exchange rate: 1 US Dollar (USD) = Pakistani rupee (PKR) on April 2015

# If no data, answer is "N/D", else if no answer or non-applicable, answer is "N/A".

Note: N/D or No Data means information is available but data has to be calculated or extracted.

N/A means Not Applicable or Not exists so far.



Questionnaire on the Water Supply Business
Questionnaire 2: Leakage Prevention Work of WASA

1. Organization

1-1. Name of organization for leakage prevention

Leak Detection Cell (LDC) Water and Sanitation Agency, Lahore Development Authority, Lahore

1-2. Number of person in organization (person)

2011 2012 2013 2014

1-3. Annual training time for leakage prevention (person, person x hours)

2013 2014

Person

Person X Hours

2. Leakage Detection

2-1. Number of leakage survey team (number)

2011 2012 2013 2014

2-2. Number of person in one survey team (person)

3 (Pipe Fitter = 1, Assistant Pipe Fitter = 2)

2-3. Number of days of leakage survey (person x days / year)

2011 2012 2013 2014

2-4. Number of hours of average leakage survey (person x hours / month)

9.6

2-5. Length of leakage survey (km / year)

2011 2012 2013 2014

11.10 km 11.20 km 9.50 km 9.10 km



2-6. Number of surface leakage detection (number / year)

2011 2012 2013 2014

2-7. Number of underground leakage detection (number / year)

2011 2012 2013 2014

2-8. Breakdown of number of underground leakage detection by Acoustic rod, Leakage detector, Correlative

leak detector, and other in 2011 (number)

Acoustic rod Leakage detector Correlative leak detector

Other

(Manual

Inspection)

2-9. Number of reparation of leakage site (number / year)

2011 2012 2013 2014

2-10. Average time to repair from leakage detection and the longest hours (hour)

Average Longest

2 hours 8 hours

2-11. Number of leakage reports from public (number)

2011 2012 2013 2014

2-12. Have you done Minimum Night Flow Measure method?

N/A



3. Equipment of Leakage Detection

3-1. Number of Acoustic rod/bar and Amplified acoustic rod (number)

Acoustic rod/bar Amplified acoustic rod

N/A N/A

3-2. Number of set of Correlative leak detector (number)

N/A

3-3. Number of set of Leak zone detector or Leak noise correlator (number)

N/A

3-4. Number of sensor of Leak zone detector or Leak noise correlator (number)

01 Leak Noise Detector

3-5. Number of Metal pipe locator (number)

01

3-6. Number of Resin pipe locator (number)

N/A

3-7. Number of Distance measuring equipment (number)

N/A

3-8. Number of Water meter measuring for MNFM (number)

N/A

3-9. Number of vehicles used for leakage survey (number)

N/A

3-10. Name of other leakage detector

N/A



4. Water Distribution Analysis

Data in this table is B01B.

Bystem
Bnput
Bolime

AuthoriBed
Bonsumption

AFWB61B

Revenue
Water

B9B

Billed
AuthoriBed
Bonsumption

B9B

Billed Metered Bonsumption
(incuding Bater eBported) B7B

Billed Non-metered
Bonsumption BB

Non-Revenue
Water NRW

B1B

Bnbilled
AuthoriBed
Bonsumption

B3B

Bnbilled Metered Bonsumption
( )

0 B

Bnbilled Non-metered
Bonsumption

( )
0 B

Water
Bosses

BFWB39B

Apparent
Bosses

(
)

10B

BnauthoriBed Bonsumption
( )

10B000 to
1BB000

connections
are

detected
each year

Metering Bnaccuracies
N/D B

Real Bosses

8B

Beakage on Bransmission and/or
Disribution Mains N/D B

Beakage and BverfloBs at
Btilities Btrage Banks N/D B

Beakage on Bervice
Bonnections up to BustomersB
Meters N/D B

B-11. Distributed Water (m3 / year)

B011 B01B B013 B01B

39B.B MBD 38B.33 MBD

B-1B. Water tariff (Revenue Water) (m3 / year)

B011 B01B B013 B01B

B-13. Revenue Water (m3 / year)

B01B B013 B01B B01B

N/D m3 N/D m3 N/D m3 234(MGD) B8.BB

B-1B. Meter loss (Non-Revenue Water) (m3 / year)

B011 B01B B013 B01B



m3 m3 m3 N/D m3

B-1B. Btolen Bater (Non-Revenue Water) (m3 / year)

B011 B01B B013 B01B

m3 m3 m3 N/D m3

B-16. Bnpaid Bater (Non-Revenue Water) (m3 / year)

B011 B01B B013 B01B

m3 m3 m3 N/D m3

B-17. Beakage Bater (Non-Revenue Water) (m3 / year)

B011 B01B B013 B01B

m3 m3 m3 N/D m3

B-18. WaterBorks usage volume (Non-Revenue Water) (m3 / year)

B011 B01B B013 B01B

m3 m3 m3 N/D m3

B-19. BnknoBn Bater (Non-Revenue Water) (m3 / year)

B011 B01B B013 B01B

m3 m3 m3 N/D m3

B-B0. Non-Revenue Water (Bverall) (m3 / year)

B01B B013 B01B B01B

m3 m3 m3 166MBD (B1.BB)

N/D N/D N/D

N/D N/D N/D

N/D N/D N/D

N/D N/D N/D

N/D N/D N/D

N/D N/D N/D

N/D N/D N/D



5. DMA / Leakage Survey Scale

B-1. Bo make up meshes or blocks for leak detection. Bf make up meshes or blocksBDMA is replaced Bith the

meshes or blocks.)

N/A

B-B. Number of DMA block (number)

N/A

B-3. Number of connection in DMA (connection) BAverage of all DMA / Minimum / MaBimumB

Average N/A Minimum N/A MaBimum N/A

B-B. Number of Bourly Factor in DMA BAverage of all DMA / Minimum / MaBimumB

Average N/A Minimum N/A MaBimum N/A

B-B. Water supply average volume in DMA (m3 / day) BAverage of all DMA / Minimum / MaBimumB

Average N/A Minimum N/A MaBimum N/A

B-6. Water supply maBimum volume in DMA (m3 / day) BAverage of all DMA / Minimum / MaBimumB

Average N/A Minimum N/A MaBimum N/A

B-7. Water pressure in DMA (MBa) BAverage of all DMA / Minimum / MaBimumB

Average N/A MBa Minimum N/A MBa MaBimum N/A MBa

B-8. Number of valves formed DMA area (number) BAverage of all DMA / Minimum / MaBimumB

Average N/A Minimum N/A MaBimum N/A

B-9. Number of valves in DMA (number) BAverage of all DMA / Minimum / MaBimumB

Average N/A Minimum N/A MaBimum N/A

B-10. Number of hydrant in DMA (number) BAverage of all DMA / Minimum / MaBimumB



Average N/A Minimum N/A MaBimum N/A

B-11. BiBe of mesh (Bf make up meshes or blocks) (km B km)

km   B      km

B-1B. Number of valve in distribution netBork (number)

67B119 (Bluice Balves)

B-13. Number of hydrant in distribution netBork (number)

N/A

B-1B. Number of another valve in distribution netBork (number)

N/D

B-1B. Number of Bater suspension (number / year)

N/A number / year

B-16. Bhe total number of connection of Bater suspension (connection / year)

N/A connection / year

B-17. Water suspension time per one time (hour / time) BAverage / MaBimumB

N/A N/A

B-18. Describe the leakage repair floBchart

N/D N/D



6. Distribution pipeline laying

6-1. NeB installation pipeline length (km)

B011 B01B B013 B01B

99.B7Bkm B3.939 km 9.7Bkm B3.07Bkm

6-B. Replacement pipeline length (km)

B011 B01B B013 B01B

77.063 km 1B8 km 13.B6Bkm 66.3 km

6-3. Rehabilitation pipeline length (km)

B011 B01B B013 B01B

6-B. Removal pipeline length (km)

B011 B01B B013 B01B

6-B. Buspended pipeline length (km)

B011 B01B B013 B01B

7. Distribution / Service Pipe material

7-1. Ductile Bron Bipe (DBB) length (km)

Distribution B Bervice 3B6.BBm

7-B. Bast Bron Bipe (BBB) length (km)

Distribution B Bervice BB9.6 Bm

7-3. Bteel Bipe (BB) length (km)

Distribution N/A Bm Bervice N/A km

7-B. Btainless Bteel Bipe (BBB) length (km)

Distribution N/A Bm Bervice N/A km

7-B. Boncrete (Bume) Bipe (BB) length (km)

Distribution N/A Bm

7-6. Asbestos Bement Bipe (ABB) length (km)



Distribution B Bervice 3900.BBm

7-7. Bolyvinyl Bhloride Bipe (BBB) length (km)

Distribution B Bervice BB3.6 Bm

7-8. Bigh Bmpact Binyl Bipe (BBBB) length (km)

Distribution N/A Bm Bervice N/A km

7-9. Bolyethylene Bipe (BBB) length (km)

Distribution N/A Bm Bervice N/A km

7-10. BalvaniBed Bteel Bipe (BB) length (km)

Distribution N/A Bm Bervice N/A km

7-11. Bead Bipe (BB) length (km)

Distribution N/A Bm Bervice N/A km

7-1B. Bupper Bipe (BB) length (km)

Bervice N/A km

7-13. Bther Bipe length (km)

Bipe material name Distribution Bervice

B69 km km

7-1B. Bransmission Bipeline length (km)

B011 B01B B013 B01B

7-1B. Distribution Bipeline length (km)

B011 B01B B013 B01B

7-16. Bervice Bipeline length (km)

B011 B01B B013 B01B

(Bransmission B Distribution)

NoteB Botal length of Water Bupply lines including Distribution and Bervice lines B BBBB.7B1Bm

8. SCADA/Mapping system

8-1. Describe the name of digital data filing



BBADA Bystem is currently installed Bith arsenic removal filtration plants

8-B. Broportion of filing system of business management document (B )

Baper filing Digital filing

B B

Most of the documents are digitally filled in each department or sub division but not centraliBed

controlled.

8-3. Broportion of filing system of Bater facilitiesBdraBing (B)

Baper filing Digital filing

B B

DraBings are updating using BBB mapping.

9. Water meter and maintenance

9-1. Number of installed Bater meter (number)

Diameter 13mm B0mm BBmm mm mm MiBed 13mm and B0mm Botal

Number

9-B. Beriod of service of Bater meter (year)

10-1BBear

9-3. Number of annual purchase of Bater meter (number)

B011 B01B B013 B01B

Meters Bere bought before B011.

9-B. Bimes of usage of maintained eBpiry Bater meter (times)

Bpare parts are usually not available in market

9-B. Number of damaged Bater meter (number)

B011 B01B B013 B01B

9-6. Number of intentional damaged Bater meter (number)

B011 B01B B013 B01B

N/D N/D

N/D N/D



9-7. Describe the reason of damaged/broken Bater meter

Reasons of damaged and broken are as underB-

1. Frequent moving of gears inside mechanical meter may cause damage of meter.

B. Rusting in meter parts may cause defect in mechanical meters.

10. Procurement / Stock management

10-1. Describe the procedure of procurement of Bater supply material

Brocurement is being done by folloBing BBRA Rules (Bublic Brocurement Regulatory Authority). For

small purchases the procedure is folloBed by the concerned BDBs and for larger purchases the

procedure is folloBed by the Brocurement/ Btores section. All procurement is being done by the

tender issuance.

10-B. Describe the management of spare parts

Bpare parts are notes in registers. Bach equipment has its oBn register Bhich is filled manually.

Bntry of neB items are mentioned and accumulates Bhile issuance of material is being done by the

approval of the competent authorities i.e. Deputy Managing Directors.

RemarksB

B Bransmission pipeline defines the pipeline betBeen Bater treatment plant and distribution reservoirB also

betBeen tBo distribution reservoirs.

B DMA defines District Metered Area as same as District Metered Bone (DMB).

B Bhe Bourly Factor defines non-dimension value Bhich hourly maBimum consumption volume divides hourly

average one.

B Bf no dataB ansBer is BN/DBB else if no ansBer or non-applicableB ansBer is BN/AB.

B Bressure unitB

MBa kgf/cmB Bar BBB

MBa 1 10.B0 9.869 1BB.0

kgf/cmB 0.0981 1 0.9678 1B.BB

Bar 0.1013 1.033 1 1B.70

BBB 0.0069 0.0703 0.0680 1





Questionnaire on the Water Supply Business
Questionnaire 3: Tube Well

Name of organiBationBWater and Banitation Agency Bahore





Questionnaire on the Water Supply Business
Questionnaire 4: Sewerage and Drainage

Name of organiBationB Water and Banitation Agency Bahore

A. Documents or information related to sewerage and drainage system in WASAs

(1) Please provide following maps.

(2) Please provide following rainfall data.

B. Organization and finance

(1) Please provide an actual organization chart of WASAs especially Sewers and Drainages

cleaning (Engineers, Equipment operators, Sewer man, etc)

Directors = 7

XEN = 14

SDOs = 34

Sub Engineers = 69

Sewer Men = 1739



(2) Please furnish an annual budget and disbursement in the WASAs and its breaEdown for

the last E years especially Sewers and Drainages cleanings.

SSSenditSreS SSSSSSS SSSSSSS SSSSSSS SSSSSSS

SotaS E7EE.6 73E4.93 E7E3.772 E9E6.E7

SSS 1E97.6 1E4E.913 61E.173 7EE.E4E

Eurther breaEup of Eepair and Maintenance which include sewerage and water supply system is

placed as an anneEure 4.12

(3) Please eEplain the schedule and budget allocation for the implementation of the cleanings

(operationEmaintenance of the sewage and drainage system).

SnSSerSEleaning E Desilting of Sewers E Drains is carried out through WASA Eegular E WorE

Eharge Sanitation WorEer. Eowever, it is also made through out sourcing for which budget

provision to the tune of Es.1E.EEE Million is Eept in Eudget.

S. SSSiSSentSS acSinerS

(1) Please provide a list of equipmentEmachinery owned by WASAs as tabulated below (type
of equipment, model, year of manufacturing, name of manufacturer and country,
running hourEEm, worEing condition, maintenance method, present location).

Equipment
Model
(Main
Spec.)

Eear
ManufacturerE

Eountry
Eunning
hourEEm

WorEing
Eondition

Maintenance
method

Eocation

Wheel
EEcavator

PE2EE 199E Eomatsu
Eapan

6EEEhr Ender
repair

Need
overhaul

Motor pool



Placed as an anneEure 4.7

(2) EEisting facilities or equipment for maintenance service available at the worEshop of WASA

SnSSerSEepair and maintenance is carried out through outsource

(3) Procedure of machine maintenance and process of dailyEroutine maintenance activity and

preparation of activityEs recordEreport.

SnSSerSWorE regarding repair and maintenance started immediately. Event report is prepared

by SDO and forwarded to Deputy Managing Director E Operation E Maintenance (DMD E

OEM) through the counter signs of XEN and Director OEM. Eost estimate is prepared for that

worE. A technical committee checEed the estimate and forwarded to DMD (OEM). Epto Es.

2EE,EEE DMD (OEM) have the authority to approve the funds but above Es. 2EE,EEE approval

of Managing Director is mandatory.

(4) EawsEEegulations of gas emission control for vehicles and construction equipment.

SnSSerSNil

(E) Average field worEing hours per day for Sewers and Drainages cleanings.

SnSSerSE hours

(6) Eurrent dredging method.

SnSSerSE1EEEcavator E ElamshellE E4EDump ErucEs E EEEDrivers and EEESewer Men

(7) Eurrent sludge removal worE from sewage pipes.

SnSSerSE3ESewer Men ( One in Manhole, One Outside Manhole for Pulling EucEet and One for
Emphyting Silt EucEet away from Manhole).

(E) Eecord of the accidents of construction equipmentEmachinery for the last Eyears
(E.g. overhead wire cutting, fall to channel, fuel shortage etc.) (NED)

(9) With regard to disposal stations, the following information will be required (refer to EormatE1)E
(AnneEure 4.E)

EOperation hours per day

EormatE1

AnneEure 4.9



Summary of Drainage networE is placed as an anneEure 4.1E

Summary of water supply and sewerage networE is placed as an anneEure 4.11



Questionnaire on the Water Supply Business
Questionnaire 5-Lahore

Management, Finance and Organization
Name of organization: Water and Sanitation Agency Lahore

SSS anageSent

Please answer the following questions and provide financial reports in recent three (3) years, current tariff

tables and your organization chart to support your answers.

Euestions Please write your answers. Eeference

document

Eision,

strategy

EEistence of a

longEtermEplan

AnswerENo

EommentsE Master plan is under preparation.

Previous one has eEpired.

Einance EevenuesE Eear 2E12 E13 actual (E4E7.34E), 2E13 E14

actual (6269.EE7), 2E14 E1E actual (727E.761),

2E1EE16 estimated (EEE1.1EE), 2E16 planning

( NED)

Eosts Eear 2E12 E 13 actual (E9E6.E7E), 2E13 E14

actual (E7E3.772), 2E14 E1E actual (73E4.937),

2E1EE 16 estimated (E7EE.6), 2E16 planning

( NED)

Envestment

(ADP E

NONEADP)

Eear 2E12 13 actual (6E1.996), 2E13 E14 actual

(792.6EE), 2E14 E1Eactual (671E.741), 2E1EE16

estimated (42E3.619), 2E16 planning (NED)

Main finance

sources

Water and Sewerage collection Eharges.

Subsidy from Eovernment

Euture

eEpansion

What is your future eEpansion planE

Master plan is under preparation. Previous one has eEpired.

Administration

and

organization

Organization

chart

Number of staff in each division by grade.

Eotal E,6EE (Detailed Eist Attached as an

AnneEure E.1)

Eecruitment Eear 2E12 actual (334), 2E13 actual (2), 2E14

actual (E), 2E1E estimated (E), 2E16 planning

(146)

NED

Eetirements Eear 2E12 actual (EE), 2E13 actual (114), 2E14

actual (1EE), 2E1E estimated (11E), 2E16 planning

(6E)

NED

Eommunication

among

divisions

Do you have a regular crossEdivision meeting

(e.g. once a month, once a weeE)E

Answer (Ees, once or twice in a month)



Pipe

distribution

networE map

Do you have a pipe distribution networE map of

your cityE

AnswerE Ees (Attached. AnneEure E.2)

Enventory Eist Do you have a list of inventory, machinery and

other fiEed assetsE

AnswerE Data is not centralized but can be

collected.

Eustomer

database

Do you have a customer databaseE

AnswerE Ees. Eomputerized data, maintained in

Oracle.

Eraining Eraining

program

(actual)

What training have you conductedE

Answer (Multiple trainings in each section)

AnneE E.3

Necessary

Eraining in the

future

What training do you need in the futureE

Euidelines Do you have teEtbooEs or guidelines to give a

lecture to your staffE

AnswerE Ees, No, Eomments (No)

Eudget for the

training

Eow much is your annual budget for the trainingE

Answer (1 Million 2E1EE16)

Eelation with

customers

Eommunication

with customers

Do you have a regular meeting with customers

(e.g. once a month, once a weeE)E

AnswerEEes, No, Eomments (Ees, En case of

serious complaints)

Eomplaints

from customers

Do you Eeep recording customer complaintsE

AnswerE Ees. Eomplaint Management Eentre has

been formed for this purpose.

Eelation with

other

organizationsE

WASAs,

Eovernment,

and donors

Eelation with

other WASAs,

suppliers

Do you have a regular meeting with other

WASAs or suppliers (e.g. once a month, once a

weeE)E

AnswerE Ees, No, Eomments (Ees)

Eelation with

the State

Eovernment

Do you have a regular meeting with the State

Eovernment (e.g. once a month, once a weeE)E

AnswerE Ees, No, Eomments (Ees)

BegBBar meetingB are condBcted on the iBBBeB of

BenBion and BnBBiry in the office of Secretary

BoBBing and any inBtrBctionB iBBBed By the



BoBernment are circBBated immediateBy

Eelation with

Eehsil

Municipal

Administrations

Do you provide some training for Eehsil

Municipal AdministrationsE

AnswerE Ees, No, Eomments (NED)

SS S ater SSSSSS

Ehe EENEE is Enternational EenchmarEing NetworE for Water and Sanitation Etilities, issued by the World

EanE. E would appreciate if you answer the following questions, in reference to the data as of year 2E1Eon

the web or data from the EEEA report in Euly 2E14.

Euestions Eear 2EE6

data

Eear 2E1E data Source Please write current

situations.

Eahore population E,3E7,EEE 6,E11,EEE (year

2E1E)

EENEE 6,311,EEE

Eoverage with water

service

E1.23E E9.E2E(E,3E1,EEE) EENEE 9E.1 E, with respect to Eotal

population in WES operator

area of responsibility

Eoverage with sewage E4.EEE EE.99E EENEE 9E.44E

Water treatment capacity

(m3Eday)

NEA NEA

Actual average treatment

volume (m3Eday)

NEA NEA

Number of connections E79,7E1 EENEE 636,33E

NetworE length (Em) 3,4EE EENEE E,E44.721

Water production 13E.67 lpcd 34E.2E lpcd EENEE 319 lpcd

Eotal water consumption 7E.E7 lpcd 191.17 lpcd EENEE 196 lpcd

Eesidential consumption 1EE.14 lpcd EENEE 196 lpcd

Eosses in m3EEm of the

networE a day

EE.E3

m3EEm

243.33 m3EEm EENEE 133.E4

Eosses in E 42.E9E 4E.11E EENEE 41.EE

Eevenues, ESE, Es per

M3 sold

E.2E E E.E9 E (7.E Es) EENEE Eotal = 29.232 ME

Eosts, ESE per M3 sold E.E2 E E.12 E EENEE E.1EE

Operation cost coverage E.E4 E.73 EENEE E.419

Eevenue collection ratio EE.19E

(2EE7)

63.63E EENEE Ein Phy Ein Phy

E2E 6EE 73E 6EE

Eabor costs vs. operation

costs

3EE EENEE SS.SSS

Electrical energy costs 3EE EENEE 44.3EE



vs. operation costs

Eontracted or service

costs vs. operation costs

22E EENEE SS.SSE

Eotal staff number 6,E11 persons (year

2E11)

EEEA SSSSS S ater StaffSS

SSotaS StaffSS SSne SSSS

Staff per 1,EEE

connections

11.1 staff per 1,EEE

connections (2E11)

EEEA S.SSS SSne SSSS

Water supply hours a day 14E1E hours a day

(2E11)

EEEA 14E1E hours a day

Water meter installation

ratio

13E (2E11) EEEA 13.32E

Average monthly tariff 2EEEs (2E11) EEEA 361.E1

Eevenue collection ratio 73E(2E11) EEEA E2E

New connection

installation fee

4EE Es(2E11) EEEA Eariff is attached as an

anneEure

Annual costs per a

connection (Es)

2,33EEs(2E11) EEEA Es. 233E

Annual Eomplaints 17E,67E

complaints(2E11)

EEEA 16E,7EEcomplaints

SS SeSage

Euestions

Eear 2E11 data

Source Please write current situations.

Eoverage with sewage EEE EEEA SS.SSE, Eune 2E1E

Sewage capacity (m3Eday) NEA AnneE 4.E contains list of each

Disposal Station

Actual average sewage volume

(m3Eday)

NEA 1EEE cusec

Sewage networE length (Em) 4,94EEm EEEA 4214.9EE

Drainage networE length (Em) 212 Em EEEA 4E3.9E (Primary E SecondaryE

Eoad sideE Eertiary)

Drainage pump stationsE Eift

Stations

Main 12 stations, inter E7 EEEA Main 12 stations, Eift Station E7

(AnneE 4.9 contains detail of

each)

Sewage plants Eero, planning 6 plants EEEA Eero

EhanE you for your answers.
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Questionnaire on the Water Supply Business
Questionnaire 1: Information of WASA in Punjab Province

1. City information

1-1. Name of water supply organization that performs water supply service

Water and Sanitation Agency, Rawalpindi

1-2. Name of city that performs water supply service

Rawalpindi excluding Cantonment, Bahria Town, DHA and Private Housing Schemes

1-3. Population of water service area (person)

2011 2012 2013 2014

1-4. City area (km2)

Total area Water supply area

872 km2 276km2

1-5. Number of service connection (number of water meter)

2011 2012 2013 2014

1-6. Population served by water supply as percentage of total population (%)

2011 2012 2013 2014

2. Water resource / Water treatment

2-1. Water resource (m3/day)

Surface (River / Dam) Groundwater Seawater Other

23 + 6 = 29MGD 39MGD N/A N/A

2-2. Method of water intaken

Surface Water from Rawal Dam and Khanpur Dam. Ground Water from 362 Tube wells

2-3. Number and capacity of Water Treatment Plant (WTP) (number, m3)

Number of WTP Total capacity (m3/day)

28 MGD



No. WTP Name Built year Capacity
Treatment volume

(average)

28 MGD m3/day

2-4. Name and dosing rate of coagulant (mg/L)

Name of coagulant Dosing rate of coagulant (mg/L)

Alum 8 mg/L

2-5. Type of sedimentation and filtration

Type of sedimentation Circular and Rectangular

Type of filtration Rapid, Single media

2-6. Filtration speed rate (m/day)

Slow sand filter Rapid sand filter

N/A 110-130 G/ft2/hr

2-7. Name and dosing rate of disinfection (mg/L)

Name of disinfection Dosing rate of disinfection (mg/L)

Chlorine 1-2 mg/L

2-8. Number and capacity of distribution reservoir (number, m3)

Number Total capacity (m) Minimum reservoir (m3) Maximum reservoir (m3)

2.77 MG

2-9. Production cost of water treatment (PHP/m3)

Ground Water (Per Thousand Gallons) - Rs. 25-30

Surface Water (Per Thousand Gallons) – Rs. 8(Rawal Dam), Rs. 35 (Khanpur Dam)
USD/m3

2-10. Number of items of water quality inspection (number)

Everyday Every week Every month Every year

16

6-10 (Rawal Lake WTTP) 4 days at least

2-11. Hour of water suspension and supply turbidity water (times, hour/year)

Number of times Total hours

Water suspension N/A N/A

Supply turbidity water N/A N/A



2-12. Describe the problem about water treatment

1. Mixing of waste water into surface water due to settlements at the upstream of Rawal

Dam

2. Plant age is about 50 years so Repair and Maintenance of some section is required

3. Organization

3-1. Total number of KCWN staff member (person)

2011 2012 2013 2014

1069 1068 1153 1183

3-2. Total number of engineer staff member (person)

2011 2012 2013 2014

24 25 24 21

3-3. Proportion of staff member according to staff’s age (%)

10’s – 20’s 30’s 40’s 50’s –

Nil % 25 % 60 % 15 %

3-4. Proportion of staff member’s business experience of water supply (%)

– 5 years 5 – 10 years 10 – 20 years 20 – 30 years 30 years –

5% 10 % 10 % 30 % 15 %

3-5. Hour of staff’s training (times/person, hour/year/person)

Inner training (exclude OJT) Outsourcing

Times/person Total hour/person Times/person Total hour/person

Engineer
No Organized training is occurring

Exclude engineer

4. Water tariff

4-1. Price and consumption of domestic and commercial use (PHP, m3, average per month)

Price Average Consumption

Domestic use Tariff attached

(Annexure 1.1)

N/D m3/month

Commercial use N/D m3/month

4-2. Collection frequency (month)



2 Bonths

4-3. Collection rate of Bater charge (B)

Domestic use Commercial use

BBB BBB

4-4. DescriBe/Attach the Bater tariff taBle

B ater Tariff attached as an annexure to this document (Annexure 1.1)

BemarBsB

BBoney exchange rateB 1 BB Dollar (BBD) B PaBistani rupee (PBB) on April 2B1B

B Bf no dataB ansBer is BN/DBB else if no ansBer or non-applicaBleB ansBer is BN/AB.



Questionnaire on the Water Supply Business
Questionnaire 2: Leakage Prevention Work of WASA

1. Organization

1-1. Name of organiBation for leaBage prevention

BeaBage repairing is Being done By each BDB of his region

1-2. NumBer of person in organiBation (person)

2B11 2B12 2B13 2B14

1-3. Annual training time for leaBage prevention (personBperson x hours)

2B13 2B14

Person

Person B Bours

2. Leakage Detection

2-1. NumBer of leaBage survey team (numBer)

2B11 2B12 2B13 2B14

2-2. NumBer of person in one survey team (person)

2-3

2-3. NumBer of days of leaBage survey (person x days / year)

2B11 2B12 2B13 2B14

2-4. NumBer of hours of average leaBage survey (person x hours / month)

Bffice hour

2-B. Bength of leaBage survey (Bm / year)

2B11 2B12 2B13 2B14

2BBBm 2BBBm 3BBBm 3BBBm

2-B. NumBer of surface leaBage detection (numBer / year)

2B11 2B12 2B13 2B14



2-B. NumBer of underground leaBage detection (numBer / year)

2B11 2B12 2B13 2B14

2-B. BreaBdoBn of numBer of underground leaBage detection By Acoustic rodB BeaBage detectorB

Correlative leaB detectorB and other in 2B11 (numBer)

Acoustic rod BeaBage detector Correlative leaB detector Bther

2-B. NumBer of reparation of leaBage site (numBer / year)

2B11 2B12 2B13 2B14

2-1B. Average time to repair from leaBage detection and the longest hours (hour)

Average Bongest

B days

2-11. NumBer of leaBage reports from puBlic (numBer)

2B11 2B12 2B13 2B14

2-12. Bave you done Binimum Night BloB Beasure methodB

No

3. Equipment of Leakage Detection

3-1. NumBer of Acoustic rod/Bar and Amplified acoustic rod (numBer)

Acoustic rod/Bar Amplified acoustic rod

3-2. NumBer of set of Correlative leaB detector (numBer)

3-3. NumBer of set of BeaB Bone detector or BeaB noise correlator (numBer)



3-4. NumBer of sensor of BeaB Bone detector or BeaB noise correlator (numBer)

3-B. NumBer of Betal pipe locator (numBer)

3-B. NumBer of Besin pipe locator (numBer)

3-B. NumBer of Distance measuring equipment (numBer)

3-B. NumBer of B ater meter measuring for BNBB (numBer)

3-B. NumBer of vehicles used for leaBage survey (numBer)

3-1B. Name of other leaBage detector

4. Water Distribution Analysis

Data in this taBle is 2B .

Bystem
Bnput
Bolime

24BB2BBBB

AuthoriBed
Consumption

BB-BBB

Bevenue
B ater

Billed
AuthoriBed
Consumption

Billed Betered Consumption (incuding
Bater exported) B

Billed Non-metered Consumption
BB-BBB

Non-Bevenue
B ater NBB

BnBilled
AuthoriBed
Consumption

BnBilled Betered Consumption
( ) B

BnBilled Non-metered Consumption
( )

N/D B

B ater
Bosses

4B-4BB

Apparent
Bosses

( )

BnauthoriBed Consumption
( )

2BB

Betering Bnaccuracies
B

Beal Bosses

BeaBage on Transmission and/or
DisriBution Bains N/D B

BeaBage and BverfloBs at Btilities Btrage
TanBs N/D B

BeaBage on Bervice Connections up to
CustomersB Beters N/D B



4-11. DistriButed B ater (BBB)

2B11 2B12 2B13 2B14

4-12. B ater tariff (Bevenue B ater) (m3 / year)

2B11 2B12 2B13 2B14

11B3BB

4-13. Bther (Bevenue B ater) (m3 / year)

2B11 2B12 2B13 2B14

N/A N/A N/A N/A

4-14. Beter loss (Non-Bevenue B ater) (m3 / year)

2B11 2B12 2B13 2B14

N/A

4-1B. Btolen Bater (Non-Bevenue B ater) (m3 / year)

2B11 2B12 2B13 2B14

4-1B. Bnpaid Bater (Non-Bevenue B ater) (m3 / year)

2B11 2B12 2B13 2B14

2B332

4-1B. BeaBage Bater (Non-Bevenue B ater) (m3 / year)

2B11 2B12 2B13 2B14

BB4BB

4-1B. B aterBorBs usage volume (Non-Bevenue B ater) (m3 / year)

2B11 2B12 2B13 2B14

B.B

4-1B. BnBnoBn Bater (Non-Bevenue B ater) (m3 / year)

2B11 2B12 2B13 2B14

m3 m3 m3 BB.3 m3

4-2B. Bther (Non-Bevenue B ater) (m3 / year)

2B11 2B12 2B13 2B14

N/A N/A N/A N/A



5. DMA / Leakage Survey Scale

B-1. To maBe up meshes or BlocBs for leaB detection. Bf maBe up meshes or BlocBsBDBA is replaced

Bith the meshes or BlocBs.)

B-2. NumBer of DBA BlocB (numBer)

B-3. NumBer of connection in DBA (connection) BAverage of all DBA / Binimum / BaximumB

Average Binimum Baximum

B-4. NumBer of Bourly Bactor in DBA BAverage of all DBA / Binimum / BaximumB

Average Binimum Baximum

B-B. B ater supply average volume in DBA (m3 / day) BAverage of all DBA / Binimum / BaximumB

Average Binimum Baximum

B-B. B ater supply maximum volume in DBA (m3 / day) BAverage of all DBA / Binimum / BaximumB

Average Binimum Baximum

B-B. B ater pressure in DBA (BPa) BAverage of all DBA / Binimum / BaximumB

Average Binimum BPa Baximum BPa

B-B. NumBer of valves formed DBA area (numBer) BAverage of all DBA / Binimum / BaximumB

Average Binimum Baximum

B-B. NumBer of valves in DBA (numBer) BAverage of all DBA / Binimum / BaximumB

Average Binimum Baximum



B-1B. NumBer of hydrant in DBA (numBer) BAverage of all DBA / Binimum / BaximumB

Average Binimum Baximum

B-11. BiBe of mesh (Bf maBe up meshes or BlocBs) (Bm x Bm)

Bm   x      Bm

B-12. NumBer of valve in distriBution netBorB (numBer)

N/D

B-13. NumBer of hydrant in distriBution netBorB (numBer)

B-14. NumBer of another valve in distriBution netBorB (numBer)

B-1B. NumBer of Bater suspension (numBer / year)

numBer / year

B-1B. The total numBer of connection of Bater suspension (connection / year)

connection / year

B-1B. B ater suspension time per one time (hour / time) BAverage / BaximumB

Average hour / time Baximum hour / time

B-1B. DescriBe the leaBage repair floBchart

Annexure 3.1

6. Distribution pipeline laying

B-1. NeB installation pipeline length (Bm)

2B11 2B12 2B13 2B14

2 Bm 2 Bm 4 Bm BBm

B-2. Beplacement pipeline length (Bm)

2B11 2B12 2B13 2B14

12 Bm 14 Bm 3BBm 42 Bm



B-3. BehaBilitation pipeline length (Bm)

2B11 2B12 2B13 2B14

Bm Bm Bm Bm

B-4. Bemoval pipeline length (Bm)

2B11 2B12 2B13 2B14

Bm Bm Bm Bm

B-B. Buspended pipeline length (Bm)

2B11 2B12 2B13 2B14

Bm Bm Bm Bm

7. Distribution / Service Pipe material

B-1. Ductile Bron Pipe (DBP) length (Bm)

DistriBution 3.4BBBm Bervice Bm

B-2. Cast Bron Pipe (CBP) length (Bm)

DistriBution 3.BBm Bervice Bm

B-3. Bteel Pipe (BP) length (Bm)

DistriBution 3BBm Bervice Bm

B-4. Btainless Bteel Pipe (BBB) length (Bm)

DistriBution Bm Bervice Bm

B-B. Concrete (Bume) Pipe (BP) length (Bm)

DistriBution 13.BBm

B-B. AsBestos Cement Pipe (ACP) length (Bm)

DistriBution 22BBm Bervice Bm

B-B. Polyvinyl Chloride Pipe (PBC) length (Bm)

DistriBution 11BBm Bervice Bm

B-B. Bigh Bmpact Binyl Pipe (BBBP) length (Bm)

DistriBution Bm Bervice Bm

B-B. Polyethylene Pipe (PBP) length (Bm)

DistriBution Bm Bervice Bm



B-1B. BalvaniBed Bteel Pipe (BP) length (Bm)

DistriBution 2BBm Bervice Bm

B-11. Bead Pipe (BP) length (Bm)

DistriBution Bm Bervice Bm

B-12. Cupper Pipe (CP) length (Bm)

Bervice Bm

B-13. Bther Pipe length (Bm)

Pipe material name DistriBution Bervice

1BBBm Bm

B-14. Transmission Pipeline length (Bm)

2B11 2B12 2B13 2B14

Bm 2BBm N/D N/D

B-1B. DistriBution Pipeline length (Bm)

2B11 2B12 2B13 2B14

Bm Bm N/D N/D

B-1B. Bervice Pipeline length (Bm)

2B11 2B12 2B13 2B14

Bm 12BBm N/D N/D

8. SCADA/Mapping system

B-1. DescriBe the name of digital data filing

BBB Based system is under development

B-2. Proportion of filing system of Business management document (B )

Paper filing Digital filing

mostly Bnder preparation

Currently all documents are manually maintained on papers. Consultants are BorBing on it and after

completing the softBare they Bill hand over it to B ABA

B-3. Proportion of filing system of Bater facilitiesBdraBing (B )

Paper filing Digital filing

mostly Bnder preparation



9. Water meter and maintenance

No meter installed so far. (N/A)

B-1. NumBer of installed Bater meter (numBer)

Diameter 13mm 2Bmm 2Bmm mm mm Bther Total

NumBer

B-2. Period of service of Bater meter (year)

Bear

B-3. NumBer of annual purchase of Bater meter (numBer)

2B11 2B12 2B13 2B14

B-4. Times of usage of maintained expiry Bater meter (times)

B-B. NumBer of damaged Bater meter (numBer)

2B11 2B12 2B13 2B14

B-B. NumBer of intentional damaged Bater meter (numBer)

2B11 2B12 2B13 2B14

B-B. DescriBe the reason of damaged/BroBen Bater meter

10. Procurement / Stock management

1B-1. DescriBe the procedure of procurement of Bater supply material

PPBA (PuBlic Procurement Begulatory Authority)B BulesB PunBaB 2B14 are folloBed.

Bs. 1 - 1BBBBBB   By comparison of three quotations

Bs. 1BBBBB1 B2BBBBBBBB   By giving advertisement on PPBA BeBsite

Bs. 2BBBBBBB1 and aBove   By giving advertisement on PPBA BeBsite and NeBs Paper

Bequest is generated By relevant BDB and after folloBing proper channel it is presented to BD

for approval. After Approval from BDB concerned DD folloB the concerned clause of PPBA Bule

for procurement.



1B-2. DescriBe the management of spare parts

Banagement is done By each section By itself.

BemarBsB

B Transmission pipeline defines the pipeline BetBeen Bater treatment plant and distriBution reservoirB

also BetBeen tBo distriBution reservoirs.

B DBA defines District Betered Area as same as District Betered Bone (DBB).

B The Bourly Bactor defines non-dimension value Bhich hourly maximum consumption volume divides

hourly average one.

B Bf no dataB ansBer is BN/DBB else if no ansBer or non-applicaBleB ansBer is BN/AB.

B Pressure unitB

BPa Bgf/cm2 Bar PBB

BPa 1 1B.2B B.BBB 14B.B

Bgf/cm2 B.BBB1 1 B.BBBB 14.22

Bar B.1B13 1.B33 1 14.BB

PBB B.BBBB B.BBB3 B.BBBB 1



Questionnaire on the Water Supply Business
Questionnaire 3: Tube Well

Name of organiBationBB ABA BaBalpindi





Questionnaire on the Water Supply Business
Questionnaire 4: Sewerage and Drainage

Name of organiBationBB ater and Banitation AgencyB BaBalpindi

A. Documents or information related to sewerage and drainage system in WASAs

(1) Please provide following maps.

(2) Please provide following rainfall data.

B. Organization and finance

(1) Please provide an actual organization chart of WASAs especially Sewers and Drainages

cleaning (Engineers, Equipment operators, Sewer man, etc)

Annexure 5.1 & 5.2

(2) Please furnish an annual budget and disbursement in the WASAs and its breakdown for

the last 5 years especially Sewers and Drainages cleanings.



Annexure 5.E contains the details (Submitted as hard copy)

(E) Please explain the schedule and budget allocation for the implementation of the cleanings

(operationEmaintenance of the sewage and drainage system).

Annexure 5.E contains the details (Submitted as hard copy)

S. SSuiSmentSS acSinery

(1) Please provide a list of equipmentEmachinery owned by WASAs as tabulated below (type
of equipment, model, year of manufacturing, name of manufacturer and country,
running hourEkm, working condition, maintenance method, present location).

Equipment
Eodel
(Eain
Spec.)

Eear
EanufacturerE

Eountry
Running
hour/km

Working
Condition

Maintenance
method

Location

Wheel
Excavator

PC200 1998 Komatsu
Japan

6000hr Under
repair

Need
overhaul

Motor pool

Annexure 4.4 contains the list of special vehicles

(2) Existing facilities or equipment for maintenance service available at the workshop of WASAs.

(3) Procedure of machine maintenance and process of daily/routine maintenance activity and

preparation of activity’s record/report.

Fault or abnormality is reported by the driver / supervisor. Relevant Assistant Director reviews

the issue and report to the Motor Transport Officer (MTO). He further proceed or solve the

issue.

(4) Laws/Regulations of gas emission control for vehicles and construction equipment.

Environmental Protection Agency Act is followed.

(5) Average field working hours per day for Sewers and Drainages cleanings.

8 hours

(6) Current dredging method.

Only for Nala Lai: two excavator + two dump trucks

(7) Current sludge removal work from sewage pipes.

In case of manual work: two worker for manhole + 2 helpers

In case of Mechanical work: One Driver + One Operator + 2 helpers

(8) Record of the accidents of construction equipment/machinery for the last 5 years
(N/A) WASA Rawalpindi outsource the construction work



(9) With regard to disposal stationsE the following information will be required (refer to FormatE1):





Questionnaire on the Water Supply Business
Questionnaire 5-Rawalpindi

Management, Finance and Organization

Name of organization: __Rawalpindi WASA_

1) Management

Please answer the following questions and provide financial reports in recent three (3) yearsE current tariff

tables and your organiEation chart to support your answers.

Euestions Please write your answers. Reference

document

EisionE

strategy

Existence of a

longEtermEplan

Answer: EesE Master Plan 1996 E2016

prepared by Provincial Eovernment

Finance Revenues: Eear 2012 actual (913.968)E 2013 actual

(1193.563)E 2014 actual (1188.288)E 2015

estimated (1320.657)E 2016 planning

(2187.292)

Costs Eear 2012 actual (849.409)E 2013 actual

(1187.660)E 2014 actual (1158.943)E 2015

estimated (1330.372)E 2016 planning

(3029.930)

Investment Eear 2012 actual (30.793)E 2013 actual

(26.580)E 2014 actual (27.873)E 2015

estimated (15.148)E 2016 planning (E)

Main finance

sources

What is your main finance sourceE e.g. water

charge collectionE subsidyE government

finance (PCE1)Eassistance from donorsE

Answer (Water collection Charges)

Future

expansion

What is your future expansion planE

Master Plan is under preparation by M/S Osmani E Co. (Pvt.)

Ltd.

New water treatment plant ( ) New sewage plant (  )

Rehabilitation  ( )

How much do you need to implement the above plansE (       )

Master

Plan

Study

Report C

WASA

RWP

Administration

and

organiEation

OrganiEation

chart

Number of staff in each division by grade

(Annexure 5.1)

Recruitment Eear 2012 actual (E)E 2013 actual (E)E 2014

actual (E)E 2015 estimated (25)E 2016 planning

(50)

Retirement Eear 2012 actual (8)E 2013 actual (8)E 2014



actual (11)E 2015 estimated (10)E 2016

planning (15)

Communication

among divisions

Do you have a regular crossEdivision meeting

(e.g. once a monthE once a week)E

Answer (                            )

Pipe distribution

network map

Do you have a pipe distribution network map

of your cityE

Answer: Ees.

Inventory List Do you have a list of inventoryE machinery

and other fixed assetsE

Answer: Partially yes. Study MP Study Report

E contains all available inventories

Customer

database

Do you have a customer databaseE

Answer: Ees.

Training Training

program (actual)

What training have you conductedE

Answer (No OrganiEed Trainings are being

conducted)

Necessary

Training in the

future

What training do you need in the futureE

Answer:  (EISE Integrated Water Resource

ManagementE Technical Trainings for EENE

DDE SDOE AD and SE)

Euidelines Do you have textbooks or guidelines to give a

lecture to your staffE

Answer: No.

Eudget for the

training

How much is your annual budget for the

trainingE   Answer ( )

Relation with

customers

Communication

with customers

Do you have a regular meeting with customers

(e.g. once a monthE once a week)E

Answer: EesE NoE Comments (            )

Complaints

from customers

Do you keep recording customer complaintsE

Answer: Ees.

Relation with

other

organiEations:

WASAsE

EovernmentE

and donors

Relation with

other WASAsE

suppliers

Do you have a regular meeting with other

WASAs or suppliers (e.g. once a monthE once

a week)E

Answer: EesE NoE Comments (            )

Relation with

the State

Eovernment

Do you have a regular meeting with the State

Eovernment (e.g. once a monthE once a

week)E

Answer: EesE NoE Comments (            )



Relation with

Tehsil

Municipal

Administrations

Do you provide some training for Tehsil

Municipal AdministrationsE

Answer: No.

S) S ateS SSSSSS

The IENET is International Eenchmarking Network for Water and Sanitation UtilitiesE issued by the World

Eank. I would appreciate if you answer the following questionsE in reference to the data as of year 2010 on

the web or data from the JICA report in July 2014.

Euestions Eear 2006 data Eear 2009 data Source Please write current

situations.

Rawalpindi population 946E000 1E250E000 IENET 1E500E000E1E600E000

Coverage with water

service

61.73E 90E (1E125E000) IENET 85E

Coverage with sewerage 34.99E 35.04E IENET 40E

Water treatment capacity

(m3/day)

N/A BB BBB

Actual average treatment

volume (m3/day)

N/A N/D

Number of connections 90E000 IENET 115E000

Network length (km) 1E150 km IENET 1200km

(approximate)

Water production 295.55 lpcd 228.92lpcd IENET 40Epcd

Total water consumption 152.00 lpcd 150.99 lpcd IENET N/D

Residential consumption 87.67 lpcd IENET N/D

Losses in m3/km of the

network a day

79.71 m3/km 76.24 m3/km IENET N/D

Losses in E (Non

Revenue Water)

48.57E 34.04E IENET 30 E40 E

RevenuesE USEE Rs per

M3 sold

0.10 E 0.05 E IENET 65E70E

CostsEUSE per M3 sold 0.15 E 0.09 E IENET

Operation cost coverage 0.68 0.61 IENET

Revenue collection ratio 173.57E (2007)E

155.14E (2008)

176.28E IENET

Labor costs vs. operation

costs

19E IENET

Electrical energy costs vs.

operation costs

37E IENET 40 E50 E



Contracted or service

costs vs. operation costs

45E IENET

Total staff number 1E282 staff (2011) JICA 1E282

Staff per 1E000

connections

13.9 staff per

1E000 connections

(2011)

JICA 11

Water supply hours a day 8 hours a day

(2011)

JICA 2E4

Water meter installation

ratio

N/A JICA Eero

Average monthly tariff 135 Rs (2011) JICA

Revenue collection ratio 67E (2011) JICA 65E75E

New connection

installation fee

2E500 Rs (2011) JICA

Annual costs per a

connection (Rs)

200 Rs (2011) JICA

Annual Complaints 10E220

complaints (2011)

JICA Online Complaint

System + manual

complaints in each

regional office by

phone or by visiting

office

S) SeSage

Euestions

Eear 2011 data

Source Please write current

situations.

Coverage with sewage 35E JICA 40E

Sewage capacity (m3/day) N/A

Actual average sewage volume

(m3/day)

N/A

Sewage network length (km) 250 km JICA 250km (Approximate)

Drainage network length (km) N/A JICA

Drainage pump stations Eero JICA Eero

Sewage plants EeroE One (Under

planning)

JICA NO WWT facility

Thank you for your answers.



(Missing)

(Missing)
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Executive Summary 
 

This report gives out the conceptual elements for a fully sustainable plan for water supply, sewerage 

and storm water drainage in Rawalpindi urban and peri-urban areas. The plans are based upon a 

comprehensive analysis of the region’s ability to support an estimated population of up to 6 million. 

The plans presented here fully factor-in the important elements of: environmental sustainability; 

energy use and efficiency; control and prevention of pollution; risk mitigation and management; 

projected population until year 2040; and, climate change. The plans are developed with a fully 

integrated contemporary approaches based on the general principles of integrated water resources 

management (IWRM), water sensitive urban design (WSUD) and integrated urban water 

management (IUWM). The plans also lead to achieving financial self-sustainability and provision of 

24/7 water supply. Risk assessment for drought, hydrological hazards (especially flooding) and use of 

water against fire is also factored-in.  

Resource Sustainability: The report begins with an overall review of the natural conditions in the 

study area with particular reference to the availability of renewable water in the study area. A basic 

principle of sustainability dictates that if water usage within a given area exceeds the natural 

capacity of the ecosystem to renew water within that area, the water usage could become 

unsustainable. This implies that either the natural storage (both surface and groundwater) will start 

depleting, or water will have to be imported from a distant source. Either of the two situations may 

be deemed unsustainable. The estimation of total renewable water in the study area, therefore, 

becomes the lynchpin for sustainable water management. The availability of renewable water, in 

other words, would also dictates the sustainable limits of growth for Rawalpindi’s urban and peri-

urban areas. 

Integrated Resource Management: Various principles and practices of IWRM can be optimally 

applied at regional and sub-regional scales if the watershed boundaries are used as the 

administrative boundaries for managing water resources. The boundaries of RWASA jurisdiction, 

though, are not perfectly aligned with the regional or sub-regional watershed boundaries in the 

region. RWASA area lies almost entirely within the watershed of Soan River. For the sake of 

integrated water resources evaluation and management, this study evaluates the upper watershed 

of Soan River as shown in Figure 1. The watershed is defined by Margalla Ridge in the northwest, 

Murree Hills in the north and then the less conspicuous ridgelines to the east and west which 

generally define the upper watershed boundaries of Soan River. The watershed boundary in the 
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south is defined by cut off points of Soan River and its tributaries flowing down stream of the 

RWASA jurisdiction. The watershed boundaries enclose Islamabad and surrounding hills in the north 

and Rawalpindi and its surrounding peri-urban areas in the south. The current configuration of water 

shed vis-à-vis the administrative boundaries makes RWASA jurisdiction the lower riparian while 

Islamabad and surrounding hills as the upper riparian. Total of area of the water shed is 2763 square 

kilometer while that of RWASA jurisdiction, as highlighted in Figure 1, is 873 square kilometre. This 

water shed was analyzed in the study for evaluation of water resources, including the development 

of a regional groundwater model. 

 

BigureBBB BDBrepresentationBoBBwatershed.BTheBRB ASABjurisdictionBisBdemarcatedBwhichBliesBinBtheB
southernBpartBoBBtheBwatershed.B
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Population Projection: The combined population of Rawalpindi and Islamabad (the twin cities), as 

per 1998 census, was 1.94 million. Projected at the current growth rates, the combined population 

of the twin cities could exceed 11 million by 2040 as estimated by Ministry of Finance1, while that of 

RWASA jurisdiction will be close to 5.8 million. This estimate may look on the higher side as the 

fertility rates are on the decline, however, with increasing trend of urban migration to Rawalpindi 

and Islamabad (with a trend of lots of housing schemes being promoted in the area), this estimate 

may even exceed. For the sake of planning water requirements within RWASA Jurisdiction for the 

planning horizon, a population of 6 million has been assumed.  

Water Demand: Water supply at the rate of 40 gallons per capita per day (0.5 cubic meters per 

person per day) has been envisaged for the residents of RWASA jurisdiction as already approved in 

Rawalpindi Master Plan (1996-2016) 2 . The annual water requirement for the planning year 2040 for 

an estimated population of 6 million comes out to be 398 million cubic meter (MCM). Daily water 

demand for RWASA for the planning horizon then comes out to be 1.1 MCM per day or 242 million 

gallons per day (mgd). 

Renewable Water within the Water Shed: Rainfall is the main source of renewable freshwater in 

the area. All other renewable resources in the area are directly or indirectly driven by rainfall. This 

makes measurement and management of rainfall as one of the most important elements of 

sustainable development of water resources. Estimates of rainfall distribution over the watershed 

were made based on the annual rainfall data acquired from Pakistan Meteorological Department. 

Water flowing in the rivers/streams, storages in natural and artificial lakes, and groundwater 

(aquifers), all comes through this precipitation within the watershed. The mean total annual rainfall 

in the watershed varies from more than 1554 mm in the mountains in the north to 1052 mm in the 

plateaus in the south as shown in Figure 2. Total mean annual rainfall over the watershed is 

averaged at 1296 mm, bringing in an average annual volume of water equal to 3571 MCM which 

drives the hydrological cycle of the watershed.  

                                                           

 

1 Ministry of Finance http://www.finance.gov.pk/survey/chapter_10/16_Population.pdf 
2 Rawalpindi Master Plan 1996-2016, Government of the Punjab, Local Government and Rural Development 
Department, No. So, 111(LG) 7-12/98 dated 25 Sept 1998 
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Figure 2 Variation of mean annual rainfall in millimeters over the watershed. RWASA boundary is 
also shown where rainfall average is lower than the northeastern part of the watershedB

Evapotranspiration (ET) estimates for the study area were obtained from Bastiaanssen et. al. (2012)3, 

based on NOAA/MODIS satellite data of the Indus Basin as shown in Figure 3. ET in the study area 

varies from 461 mm/year to 750 mm/year. For the planning purposes, it was taken as 700 mm/year, 

leaving behind 596 mm/year which renews water in the rivers, streams, lakes and aquifers. The 

mean annual renewable volume of water thus becomes 1645 MCM, which is reckoned as the total 

annual renewable water in the watershed.  

                                                           

 

3 Bastiaanssen, W.G.M., Cheema, M.J.M., Immerzeel, W.W., Miltenburg, I.J. and Pelgrum, H. (2012). Surface 
energy balance and actual evapotranspiration of the transboundary Indus Basin estimated from satellite 
measurements and the ETLook model. Water Resources Research 48: 
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Figure 3   Evapotranspiration estimate from MODIS/NOAA satellite data (Betiaanssen et al 2012) 

 

Renewable Water for RWASA Jurisdiction: Mean annual rainfall within RWASA jurisdiction is 1176 

mm, which translates to annual volume of 1027 MCM. Excluding 700 mm loss in evapotranspiration, 

estimated renewable water from rainfall in RWASA jurisdiction is 417 MCM. Since RWASA 

jurisdiction is lower-riparian, it also receives overland flow (primarily river runoff) from the upper 

riparian areas and boundary flow into its underlying aquifer.  Several datasets were analysed from 

the studies undertaken by CENTO4 before the construction of Simly and Rawal Dams in the region. 

From these data sets it was estimated that mean annual river runoff, excluding the baseflow, is 

approximately 18% of annual rainfall. Using regional groundwater model for the area, analysis of 

                                                           

 

4 The Role of Science in Developing Natural Resources With Particular Reference to Pakistan Iran and Turkey, 
Ist Edition, Pergamon Press, London, 1964, Part 4 “Surface Water Resources of the Federal Capital Area” pp . 
163-176 



Master Plan for Rawalpindi WASA 
Study B – August 2015 

B B BB

B

hydrogeological data available from USGS5 , and further analysis of data incorporating ET estimates, 

water balance components were derived for RWASA as shown in Figure 4: 

 

Figure 4 Water balance components for annual renewable water (in million cubic meter) versus 
current and future demand 

From the regional level study presented in this report, the above figures point towards the potential 

of groundwater recharge in the RWASA jurisdiction which exceeds the total demand for 2040. 

However, at this point in time, the simplistic conclusion that current recharge rates are enough to 

meet the future demand may not be drawn. It should be noted that this figure for recharge is spread 

over an area of 873 square kilometres and also includes the boundary flow entering RWASA 

jurisdiction from up-slopes of Islamabad and surroundings. The area is full of irregularities and local 

geological variability which must be analysed in detail to exploit and/or manage this potential. This 

study, therefore, only highlights the potential and possibilities of managed recharge to meet future 

demands while concludes that there is enough renewable water (689 MCM, both surface water and 

groundwater), flowing though the area to meet future demands (398 MCM). 

Future Water Works: The future water works required to exploit the potential of total renewable 

water within RWASA jurisdiction, as shown in Table 1, include important elements of water sensitive 

urban designs for storm water management, rain water harvesting (at local, municipal and regional 

scales), management and treatment of waste water, computer controlled well fields with high 

                                                           

 

5 Environmental Geology of the Islamabad-Rawalpindi Area, Northern Pakistan. USGS Bulletin 2078G, U.S 
Department of Interior, U.S. Geological Survey 

1028
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Annal Renewable Water (MCM) in 
RWASA Jurisdiction and Demand
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capacity well clusters, recovery and rehabilitation of right of ways of natural water courses, 

additional construction by-laws (to include water used efficiency and WSUD), and solid waste 

management etc. If the potential of renewable water as shown in the table is successfully exploited, 

it will bring perpetual sustainability of water resources to meet current and future demands.  

Table 1 Annual Water Demand Compared to Renewable Water in the Study Area 

Component Quantum 

Mean available renewable water per year 689 MCM 

Yearly demand by 2040 398 MCM 

Yearly demand as % of available renewable water 
in 2040 

75% 

Current yearly demand 166 MCM 

Current yearly demand as % of available 
renewable water 

31% 

 

24/7 Water Supply:  The plan presented here takes advantage of water resources within the area 

and has the potential to develop water resources and distribution systems to cater for 24/7 water 

supply.  

Risk Management and Protection from Droughts: An estimation of aquifer capacity was also made. 

Based on the geological information, most of the area within the RWASA jurisdiction is capable of 

holding water within the top 200 meter of regolith. Given the mean specific yield at 0.17, the storage 

capacity for extractable groundwater in the aquifer is estimated at 3000 MCM. Once the aquifer is 

filled to its capacity, it can store 7.5 years’ worth of water to meet the 2040 demand projections. In 

other words, managing the aquifer at 3000 MCM means a protection against total drought for more 

than 7 years. This in-built safety against droughts is one of the major highlights of the master plan 

being presented in this project. 

Rainwater Harvesting: Based on above figures, this study proposes a plan for water supply by 

exploiting the most abundant and local resource of water within the study area, i.e., rainfall. The 

study proposes state-of-the-art rainwater harvesting infrastructure which can be gradually build 

within RWASA jurisdiction by setting aquifer recharge/rainwater-harvesting targets for phase-wise 

development. The rainwater harvesting targets will begin at 16% and will gradually rise to 33%. 
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Paradigm Shift from Surface to Groundwater: All previous reports and studies, as analysed in Study 

A, have mostly emphasized on exploitation of surface water resources and proposed construction of 

more dams and/or proposed import of water from the distant resources outside the study area. All 

such solutions are unsustainable in the long run (energy costs, silting of dams etc.). Unfortunately, 

no previous study has looked into the huge potential offered by rainfall and available aquifer storage 

within the study area. This study, however, carried out a comprehensive analysis of the combined 

potential of rainwater and natural aquifer systems in the study area and concludes that it is possible 

to meet all water demands, in a fully sustainable manner, by proper management of rainwater and 

aquifers.  

A Touch of Future: The proposals made in this study are based on contemporary concepts and 

principles of Integrated Water Resources Management (IWRM), Urban Strom Water Drainage 

(USWD), Waster Sensitive Urban Design (WSUD) and Holistic Catchment Management. Using these 

modern-day tools and best management practices, a conceptual framework for water supply, 

sewerage, drainage and waste water treatment systems in Rawalpindi has been envisaged in this 

study, which is fully integrated with environmental protection, climate change and energy efficiency. 

The conceptual framework targets sustainability in all aspects of environmental, economic and social 

elements. Both hard and soft solutions for holistic water management have been proposed in the 

study which are built around Education, Enforcement and Engineering. The hard solutions generally 

include engineering designs and infrastructure and are strongly linked to economic and 

environmental sustainability. The soft solutions include institutional restructuring and capacity 

building for RWASA staff, other operations/maintenance staff, and law enforcement staff. 

Awareness campaigns for public are also suggested to achieve full social sustainability in the system.   

Regional Master Plan: The last Master Plan for Rawalpindi was made for the period of 1996 to 20166 

and was approved in 1998. An update on Master Plan beyond 2016 has not yet been made. This 

study focusing on Master Planning for Water Supply, Sewerage, Drainage and Waste Water 

Treatment System in Rawalpindi up to year 2040, therefore, is being done in the absence of an 

overall Master Plan for the same planning horizon. The plan presented in this study would, 

therefore, be subject to revision as and when future/updated Master Plan of Rawalpindi beyond 

2016 is adopted by Rawalpindi Development Authority (RDA). 

                                                           

 

6 Rawalpindi Master Plan 1996-2016, Government of the Punjab, Local Government and Rural Development 
Department, No. So, 111(LG) 7-12/98 dated 25 Sept 1998 
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Background 

Rawalpindi is an older and much larger city and is a centre of industrial, commercial, and military 

activity. It lies along the ancient trade route from Persia and Europe across the Khyber Pass to India. 

The area has been a cultural meeting place and invasion route for millennia and was visited by 

Alexander the Great, Genghis Khan, the Mogul conquerors, and other prominent historical figures. 

Rawalpindi itself was settled around 1765 and grew to importance during the late 1800’s, when it 

became an important staging ground for the British Afghan campaigns. Today it remains the site of a 

major military cantonment and headquarters of the Pakistan Armed Forces. 

Rapid growth of both Islamabad and Rawalpindi to a combined population exceeding 3 million has 

made ever-increasing demands on natural resources and caused adverse effects on the 

environment. Some of the major concerns are the degradation in the quality of water resources, 

unsustainable withdrawal of groundwater, ever increasing demand of water in all sectors, and 

pollution of both surface and groundwater resources due to improper disposal of both solid and 

liquid waste. 

Increasing stress on the available water resources in the search for improved economic well-being 

and concerns for the pollution of surface water and groundwater have highlighted the central role of 

hydrology in all water and environment initiatives. Hydrology forms the basis for water resources 

assessment and management and the solution of practical problems relating to water consumption 

by humans, floods, droughts, erosion/sediment transport, environment, and pollution. 

The accepted principles of integrated water resources management (IWRM) dictate that, in order to 

achieve environmental sustainability and economic productivity leading to social well being of 

citizens, the rivers must be managed at the basin level. This approach calls for integrated solutions 

within a watershed boundary, which may be shared between more than one political or 

administrative jurisdiction.  The approach adopted in this study takes advantage of the latest best 

management practices and cutting edge methodologies of contemporary water management.  

Study Area & Watershed Boundaries 

The study area comprises RWASA jurisdiction which includes a total of 73 Union Councils (UCs).  

The water shed boundaries surrounding the Study Area (RWASA’s Jurisdiction) are generally defined 

by the northern water shed boundaries of Soan River.  The topography is rolling down from 

Northeast to Southwest. Margalla Ridge in the North and Northeast forms the crest line of the 
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watershed in the hilly terrain which receives most of the rainfall feeding the watershed. The 

watershed is shared between Islamabad Capital Territory (ICT) – mostly administered by Capital 

Development Authority (CDA), Murree-Kahuta Development Authority (MKDA) and Rawalpindi 

Development Authority (RDA). 

 The following map in Figure 5 outlines the RWASA jurisdiction within the contributing watershed on 

the up slopes.    
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Today, when water is perceived to be a matter of mutual concern, all stakeholders, from all the 

political and administrative jurisdictions within the watershed need to participate and play 

important roles in the process of developing a Master Plan for future, which is integrated in nature, 

environmentally sustainable and brings social and economic wellbeing to the residents of the 

watershed – irrespective of their administrative/political jurisdiction.  

Many institutions and agencies within the watershed are 

engaged in the collection of hydrological data and 

information using different measurement procedures. The 

resulting lack of homogeneity in the observations gives rise 

to a lack of confidence. It is imperative, therefore, that all 

these partners be made aware of the manner in which the 

hydrological data are collected, the limitations and the 

reliability of the data, and how they are to be managed by 

the responsible organizations in the watershed. 

Transparency in data collection, storage and sharing is an 

essential element for cooperation among various users.  

A tedious exercise and effort was required to collect and organize the datasets in GIS Format before 

it could be utilized in conducting the hydrological and hydrogeological studies presented in this 

study.  A quality management framework for hydrological information was adopted while 

developing the protocols for GIS database. Inclusion of metadata for all GIS layers had been a part of 

this protocol.  

The growing demand for freshwater resources has increasingly focused the attention of 

governments and civil society on the importance of cooperative management. Sharing the benefits 

of cooperation and even conflict prevention stem from a broad understanding of the principles and 

mechanisms through which these results can be achieved. 

The risk factor in resource development for water supply, primarily due to hydrological variability 

was given due consideration. The risks mitigation strategies have been implemented in the 

conceptual design and operations proposed in this study. The mitigation strategies are primarily 

based on integrated management of resources. 

Allocation of the resources or distribution of the benefits is essentially dependent on the knowledge 

of water availability and the related hydrological variability. A shared and accepted knowledge of the 

In a sustainable 

community, resource 

consumption is 

balanced by resources 

assimilated by the 

ecosystem. 
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resources, their projected availability and the confidence in their accuracy greatly helped in 

assessing the feasibility and fairness of alternative management and investment scenarios presented 

here. 

Surface water quantity and sedimentation are incessant 

elements of un-sustainability in the older water supply 

systems, as it reduces the capacity of lakes and reservoirs. 

It is also concerned with the measurement of sediment 

discharge and causes adverse environmental impacts on 

downstream ecology. The modern methodologies of 

resource development and exploitation adopted in this 

study forego the need for creating more surface reservoirs. 

It shifts focus to more sustainable and environmentally 

friendly approaches for managing the resources. 

Groundwater is concerned with measurements from wells 

and the hydraulic properties of aquifers. The study has laid a huge emphasis not only on the 

exploitation of groundwater but also on managing recharge of the aquifer across the watershed to 

make groundwater exploitation a fully sustainable operation.  

The development of water resources is not only constrained by their quantity but also by their 

quality. The study recommends and proposes methods for taking optimal advantage of ecological 

services for treatment and purification of both waste water and drinking water. Such approaches not 

only make the whole water supply and drainage operations more sustainable, but also cut down 

huge energy and infrastructure costs when supplemented with conventional water and wastewater 

treatment plants. 

This study has been conducted in three parts as follows:  

Part I  Study of Water Resources (Hydrology and Hydrogeology)  

Part II Development of Environmental and Social Assessment Guidelines and Protocols for WSS&D 

schemes 

Part III Climate Change & Energy Conservation Strategy for RWASA 

The study of water resources presented here is based on the latest, most advanced and cutting edge 

scientific concepts in the realm of contemporary water management. The conceptual thinking 

The sustainability of a 

community is largely 

determined by the web of 

resources providing its 

food, fibre, water, and 

energy needs and by the 

ability of natural systems 

to process its wastes 
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governing these concepts and interrelated science has also been explained to facilitate the readers 

who are not currently familiar with the latest science and best management practices of water 

management. For the benefit of general public as well as experts, the conceptual thinking behind 

this study is presented beforehand. It is generally believed, and wrongly so, that spending money on 

the projects related to restoration/protection of environment is less important than the 

development projects for human communities.  The fact, however, is that if designs of development 

projects take advantage of ecological services through smart designs can not only save energy and 

infrastructure costs but also synergistically protect the environment and achieve sustainability. 

Ecological services can be used for aquifer recharge, decomposing pollution, improving water 

quality, generate renewable energy etc., thus leading to a sustainable future. 
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1.BHydrology and Hydrogeology of the 
Study Area 

For the purpose of this study, upper water shed of Soan River was analyzed for availability of water 

resources in the area. A comprehensive geological mapping for Islamabad and surrounding hill was 

conducted by USGS7 as shown in Figure 6. The delineated boundary of the water shed covering the 

upper Soan watershed and RWASA jurisdiction as overlain on the USGS Geological study is shown in 

Figure 7.  

The Soan and Kurang Rivers are the main streams draining the area. Their primary tributaries are the 

Ling River, draining north-westward into the Soan; Gumreh Kas, draining westward into the Kurang 

from the area between the Kurang and Soan; and Lei Nala, draining southward into the Soan from 

the mountain front and urban areas. The Kurang and Soan Rivers are dammed at Rawal and Simly 

Lakes, respectively, to supply water for the urban area. Extensive forest reserves in the headwaters 

of the Kurang and Soan Rivers benefit the quality and quantity of supply. A supplemental network of 

municipal and private wells as deep as 200 meters (m) produces ground water primarily from 

Quaternary alluvial gravels. The altitude of the water table decreases from about 600 m at the foot 

of the Margalla Hills to less than 450 m near the Soan River, so that the saturated zone generally 

follows the topography. The water tables used to be from 2-20 m below the natural ground surface 

in the eighties8. These have now dropped down to more than 100m  at in the urban areas due to 

unsustainable exploitation of groundwater. 

Lei Nala carries most of the liquid waste from Rawalpindi and contributes greatly to the pollution of 

the Soan River below their confluence. Solid-waste disposal practices threaten the quality of surface 

water and groundwater reserves. 

                                                           

 

7 Plate A1 from Environmental Geology of the Islamabad-Rawalpindi Area, Northern Pakistan. USGS Bulletin 
2078G, U.S Department of Interior, U.S. Geological Survey 
8 Ashraf, K.M., and Hanif, Mohammad, 1980, Availability of ground water in selected sectors/areas of 
Islamabad—Phase I and II: Pakistan Water and Power Development Administration Ground Water 
Investigation Report 35, 30 p 



M
as

te
r 

P
la

n 
fo

r 
R

aw
al

pi
nd

i W
A

SA
 

St
ud

y 
B

 –
 A

ug
us

t 2
01

5 

B
B

BB
B

B

 

F
ig

u
re

 6
 

U
S

G
S

 s
tu

d
y 

– 
G

eo
lo

g
y 

m
ap

 f
o

r 
R

aw
al

p
in

d
i I

sl
am

ab
ad

 



M
as

te
r 

P
la

n 
fo

r 
R

aw
al

pi
nd

i W
A

SA
 

St
ud

y 
B

 –
 A

ug
us

t 2
01

5 

B
B

BB
B

B

 

F
ig

u
re

 7
 

S
tu

d
y 

A
re

a 
in

 t
h

e
 b

ac
kd

ro
p

 o
f 

U
S

G
S

 M
ap

 



Master Plan for Rawalpindi WASA 
Study B – August 2015 

B B BBB

B

1.1. Terrain & Landforms 
When discussing with reference to water resources, the terrain of Rawalpindi cannot be discussed in 

isolation as the higher grounds to the north and north-east, mostly in the political jurisdiction of 

Islamabad, control the hydrology and hydrogeology of the area. The following discussion is covers 

the terrain and landforms of the watershed within which both Rawalpindi and Islamabad are 

located. 

The terrain in the metropolitan area of Islamabad-Rawalpindi consists of plains and mountains 

whose total relief exceeds 1,175 m. Three general physiographic zones trend generally east-

northeast. The northern part of the metropolitan area lies in the mountainous terrain of the 

Margalla Hills, a part of the lower and outer Himalayas, which also includes the Hazara and Kala 

Chitta Ranges. The Margalla Hills, which reach 1,600-m altitude near Islamabad, consist of many 

ridges of Jurassic through Eocene limestone and shale that are complexly thrusted, folded, and 

generally overturned. 

South of the Margalla Hills is a southward-sloping piedmont bench underlain primarily by folded 

sandstones and shale of the Rawalpindi Group (Miocene). Although the relief of the piedmont area 

is generally low and dominated by extensive plains of windblown silt, the piedmont area also 

includes many ridges and valleys that have been buried by alluvial deposits from the hills. Buried 

ridges of sandstone are generally covered by inter-bedded sandy silt and limestone gravel that 

locally exceed 200 m in thickness; these deposits, in turn, have been dissected and then buried 

under a layer of eolian loess and reworked silt that locally exceeds a thickness of 40 m. The gravel 

and loess are especially important to the environmental geology because they form most of the 

building foundations and because gravel is the primary ground-water aquifer. West of Rawalpindi, 

plains of thick, easily eroded loess are extensively dissected into shallow badland valleys. East of 

Rawalpindi, the folded ridges of Rawalpindi Group rocks rise above the alluvial cover to form 

prominent hills. Urban development is concentrated in the piedmont bench area, which is little 

dissected in its northern part, where Islamabad is located, but is more deeply dissected toward the 

south near the Soan River, where Rawalpindi is located. 

In the southernmost part of the area, the Soan River valley extends generally along the axis of the 

Soan syncline at an altitude of about 425 m. The Soan is incised more than 40 m below the level of 

extensive silt-covered plains north and south of the river. Southeast of Rawalpindi, upstream from 

the Grand Trunk Road Bridge, the Soan channel and flood plain extend 1.5 kilometer (km) across the 

valley floor. Elsewhere, the valley bottom is much narrower. Beds of fluvial sandstone, mudstone, 
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and conglomerate of the Siwalik Group of Neogene to Pleistocene (?) age underlie the southern area 

and crop out along the many steep-sided stream valleys that dissect the land. The beds dip steeply 

on the north limb of the syncline north of the Soan River, and more gently on the south limb. The 

piedmont bench and Soan valley make up the northern edge of the Potwar Plateau, which extends 

south-westward for 150 km. 

1.1.1. Depositional Landforms 

Depositional Landforms in the area can be classified as follows: 

Streambeds, low islands, and bars.—Low land in valley bottoms that is generally covered and 

reshaped by flowing water each year. These features are formed by braided or meandering streams. 

The surface is generally sand and gravel, and there is little or no soil development. The surface is 

unstable and lacks vegetation except for quick-growing grass. Slopes are less than 4 percent. 

Stream flood plains.—Low benches slightly above the stream channels in valley bottoms. They are 

above water level most of the year but are commonly flooded whenever the streams overtop their 

banks. The surface is generally fine sand, silt, and clay with a relatively high organic content and 

fertile soil. Slopes are less than 4 percent. 

Stream and fan terraces.—Lower terraces form wide benches along the sides of modern stream 

valleys similar to flood plains, but the terraces are higher above the stream and are seldom flooded. 

Higher terraces form gravel-capped ridges and flat-topped hills that never flood. Terraces are 

dissected relict flood plains; uplift of the old depositional surface and erosional lowering of 

streambeds have left the terrace surfaces above the reach of most floods. The highest terraces are 

along the mountain front in stream valleys and alluvial fans and generally are preserved where 

limestone gravel that was cemented by calcium carbonate from ground water forms hard layers 

resistant to erosion. Under the terrace surface, a thin layer of fine-textured soil generally overlies 

channel deposits of sand and gravel. The terrace surfaces generally slope less than 10 percent, but 

erosional scarps on the side of the terrace slope steeply. 

Alluvial fans.—Fan-shaped bodies of gravel-rich alluvium deposited near the mountain front where 

streams emerge from steep canyons. Streams on the fan surface commonly shift their courses 

laterally; floods and debris flows episodically cover parts of the fan surface with water and thick 

layers of sediment. The time interval between major debris flows may be tens of years, so the 

hazard is commonly underestimated. Cemented limestone gravel in the alluvium may make 

excavation difficult. Slopes are less than 15 percent. 
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Loess plains.—Plains and gently sloping hills of fine silt and clay built up from airborne dust burying 

pre-existing hills and valleys. The landscape has also been smoothed by thin sheets of rainwater 

flowing across the surface. The soil is fertile and easily tilled but is easily eroded by water and wind. 

The geologic formation underlying these plains is the Quaternary Potwar Clay. Slopes are less than 

15 per cent. 

1.1.2.  Erosional Landforms 

Loess badlands and gullies.—Steep-sided but generally shallow ravines eroded in soft loess 

(windblown silt and clay of the Potwar Clay). These gullies tend to grow and coalesce through 

headward erosion. Growth of loess badlands can be controlled, and some of the land can be 

reclaimed through conservation measures. Loess badlands are especially extensive south and west 

of Rawalpindi. 

Bedrock badlands and gullies.—Areas of generally parallel, deep ravines eroded in steeply dipping 

soft mudstone and sandstone of the Siwalik Group. Most of the gullies have formed along the strike 

of weakly consolidated beds separated by ridges of resistant, cemented sandstone. This landform 

develops from loess badlands and gullies when streams cut down through the base of the loess into 

steeply dipping bedrock. Such terrain is extensive west of Riwat on either side of the Soan River. 

Bedrock badlands are more difficult to reclaim than loess badlands. Slopes are 50–100 percent. 

Gentle hill slopes with angular clasts.—Rolling hills generally sloping more than 15 percent but less 

than 75 percent. Some ledges of rock may crop out, but the surface generally is covered with thin 

soil of sand, clay, and broken rock derived from weathering of the underlying bedrock. This type of 

slope is generally found on low hills underlain by sandstones of the Rawalpindi and Siwalik Groups. 

Gentle hill slopes with rounded clasts.—Rolling hills generally sloping more than 15 percent but less 

than 100 percent. Some ledges of rock may crop out, but the surface generally is covered with thin 

sandy soil derived from weathering of the underlying rock; the soil contains rounded cobbles 

1.2. Geology 
Sedimentary rocks exposed in the Islamabad area record 150 million years (Ma) of geologic history 

from the Middle Jurassic to the Quaternary. The period from about 150 to 24 Ma was characterized 

by slow, primarily marine deposition and little tectonic activity; that from 24 to 1.9 Ma by rapid, 

voluminous, continental deposition and slow subsidence; and that since 1.9 Ma by intense 

tectonism, extensive erosion, and subordinant local deposition dominated by coarse clastic 

continental sediment. 
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The oldest rocks exposed in the study area are Jurassic marine limestone and dolomite that were 

deposited on a continental shelf along the northern edge of the continental part of the Pakistan-

India tectonic plate as it migrated northward before converging with the Eurasian plate. The oolitic, 

biomicritic, and intrasparitic types of limestone in the Samana Suk Formation indicate different 

amounts of energy in the various carbonate depositional environments. A short break in deposition 

during the Late Jurassic is represented by the unconformity between the Samana Suk and Chichali 

Formations. From the Late Jurassic to the Early Cretaceous, anaerobic bottom conditions and 

chemically reducing environments accompanied deposition of the glauconitic shale and sandstone of 

the Chichali Formation. During the Early Cretaceous, conditions changed to a slightly saline, shallow-

water, reducing environment when the glauconitic sandstone of the Lumshiwal Formation was 

deposited. The calcareous facies of the Lumshiwal Formation are near shore shallow-water deposits. 

Emergence of the area above sea level during the mid-Cretaceous is indicated by the unconformity 

between the Lumshiwal and Kawagarh Formations north of the map area (the Kawagarh is missing 

from the study area). During the early Late Cretaceous, the sea transgressed again, and the 

limestone and marl of the Kawagarh Formation were deposited in shallow- to deep-marine water. 

During the Late Cretaceous to Paleocene, the area rose again above sea level. The exposed surface 

of the marine Kawagarh Formation was first eroded and then buried beneath highly weathered 

continental sediments of the Hangu Formation. In the map area, the Kawagarh was entirely 

removed; thus, the Hangu unconformably lies on the Lumshiwal Formation. Intense lateritic and 

bauxitic weathering of the Hangu Formation reflects the equatorial latitude of the Pakistan-India 

tectonic plate during the Paleocene. Following deposition and weathering of the Hangu, marine 

conditions returned and persisted through the early Eocene. Calcareous and argillaceous sediments 

of the Lockhart Limestone, Patala Formation, Margalla Hill Limestone, and Chorgali Formation were 

deposited during this time. This marine depositional sequence was followed by alternate marine and 

continental environments during which the Kuldana Formation was deposited. During the middle 

Eocene, initial contact of the Pakistan-India plate with Asia elevated the region above sea level and 

produced the unconformity beneath the continental Murree Formation. 

By Miocene time, the sea had completely receded south of the map area, and during the Miocene 

and Pliocene, very thick continental deposits of the Rawalpindi and Siwalik Groups accumulated in 

the subsiding Himalayan foredeep region. These deposits consist of sediments eroded from 

highlands to the north that were uplifted and deformed by tectonic forces in the zone of 

convergence. The south margin of the deformed zone migrated southward into the Islamabad area, 

where it first caused coarser sedimentation but eventually so deformed and uplifted the area that 
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deposition drastically decreased and erosion became the predominant sedimentary process. The 

tectonic migration that began during the Eocene continues to the present. The estimated average 

rate of southward migration during the Pliocene was 3 cm/1,000 yr, and the average accumulation 

of mud, sand, and gravel in the subsiding foredeep region was about 28 cm/1,000 yr9. 

During the Pliocene, sedimentation was controlled by an eastward-flowing river system. The 

conglomerate of the Soan Formation that was deposited by that river system during the late 

Pliocene consisted chiefly of quartzite and metamorphic clasts eroded from the Himalayan core and 

are similar to clasts in modern Indus River gravels. Local sedimentation stopped between 3 Ma and 1 

Ma, when the Hazara fault zone developed, when limestone of the Margala Hills was thrust up along 

the north border of the study area, and when the sandstone and mudstone of the Rawalpindi and 

Siwalik Groups were folded and faulted throughout the area. The eastward-flowing river system was 

disrupted and superseded by the much smaller, southward-flowing Soan River system, and locally 

derived limestone gravel became the dominant component of the Lei Conglomerate; this 

conglomerate accumulated most thickly over the Soan Formation and other upturned Siwalik Group 

rocks along the axis of the subsiding Soan syncline at the southern edge of the map area. 

During the Quaternary, climatic fluctuations along with tectonic uplift caused periodic incision of the 

drainage south of the Margala Hills and alternate periodic accumulations of silt and alluvial gravel 

from the Margala Hills, which filled the valleys and spread laterally to form wide plains of low relief. 

A great influx of windblown silt probably was blown from the braided outwash channel that 

originated in the highly glaciated headwaters of the Indus River. This eolian silt formed the thick 

deposits of loess that mantle the landscape and contribute to the burial of preexisting valleys. Loess 

deposition was probably most rapid during the glacial maximums, but it continues despite the 

present interglacial climate because very large glaciers still exist in the Indus River basin and 

contribute large amounts of fine-grained sediment, which causes the Indus to form a braided 

channel below the mountain front 50 km long and 10 km wide. Calculated rates of loess 

accumulation during the period from 170 to 20 ka range from 6 to 27 cm/1,000 yr . 

                                                           

 

9 Raynolds, R.G.H., 1980, The Plio-Pleistocene structural and stratigraphic evolution of the eastern Potwar 
Plateau, Pakistan: Hanover, New Hampshire, Dartmouth College, Ph.D. dissertation, 264 p 
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Strongly developed soils are scarce in the Islamabad area, perhaps because of the seasonally dry 

climate and the lack of stable surfaces caused by alternation of erosion and loess deposition. Some 

paleosols, however, are preserved within the loess. 

Pleistocene stream and fan-terrace deposits along the mountain front, preserved as much as 30 m 

above present drainage levels, reflect stream incision and provide a measure of continued tectonic 

uplift of the piedmont zone since their deposition. Distant tectonic events may also have affected 

the balance of aggradation and degradation. Tectonic tilting and uplift across the course of the Indus 

River (McDougall, 1989) near the gorge at Kalabagh, 200 km to the west, have caused major shifts in 

the course of the Indus and affected the base level of the Soan River10 . 

Active tectonism across the area continues in the form of folding, thrust faulting, and seismicity. A 

very large earthquake in A.D. 25 destroyed the Buddhist community at Taxila, about 25 km west-

northwest of Islamabad. A more recent earthquake in 2005 also jolted the city. 

1.3. Climate and Rainfall 
Rawalpindi has monsoonal climate of rainy hot summers and cool dry winters; precipitation is 

characteristic of the semiarid zone of Pakistan. The monsoon rains usually start in June, peak in 

August, and end by September. A much smaller winter monsoon peaks in March. The four monsoon 

summer months always have some precipitation, but any of the other months can be completely 

dry. Annual rainfall of only 249.1 millimetres (mm) was recorded in 1982. The high of 1,732 mm was 

recorded in 1983. The average for 1931–87 was 1,055 mm. The maximum recorded temperature 

was 45.9 degrees Celsius (°C) in June 1972, and the minimum was –3.9°C in one January before 

1961. Freezing temperatures are rare and have been recorded only in November, December, and 

January. 

The highest intensity of storm/rainfall that has been recorded in the region was on 23rd July 2001. 

Islamabad received 622mm and Rawalpindi received 150mm in 6 hours duration. As a result of this 

heavy downpour, Lai Nullah, which is a drainage channel for both the cities, had its banks over 

flowing in Rawalpindi area, inundating and damaging property, livestock, and above all, human life. 

                                                           

 

10 McDougall, J.W., 1989, Tectonically induced diversion of the Indus River west of the Salt Range, Pakistan: 
Palaeogeography, Palaeoclimatology, Palaeoecology, v. 71, nos. 3–4, p. 301–307 
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The following map in Figure 8, generated from annual rainfall data11, shows that annual rainfall over 

the region varies from 1450mm to 1140mm. Rainfall is the only ecological mechanism for renewable 

water in the area. It provides water to all surface water reservoirs (natural or artificial), streams and 

groundwater aquifers. An estimated annual rainwater volume of 3580 Million Cubic Meter (MCM) 

pours into the watershed. 

 

Figure 8 Map showing mean annual rainfall in upper Soan watershed. RWASA jurisdiction is 
shown as shaded area within the watershed. 

 

                                                           

 

11 http://www.pmd.gov.pk/cdpc/Pakistan_mean_rainfall.pdf 
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1.4. Evapotranspiration 
The surface energy fluxes and related evapotranspiration processes across the Indus Basin were 

estimated for the hydrological year 2007 using satellite measurements12. This study generated a map 

as shown in Figure 9. The study area lies in the ET band ranging from 450mm to 750mm per year. In 

order to make a conservative estimate of evapotranspiration losses, a planning figure of 700mm per 

year for the watershed was assumed for this study. The total estimated evapotranspiration losses for 

the entire watershed are estimated to be 1934 MCM.  

 

Figure 9 Evapotranspiration estimates for the entire Indus Basin using MODIS/NOAA data. The 
Study Area for RWASA is marked within the basin. 

 

                                                           

 

12 Bastiaanssen, W. G. M., M. J. M. Cheema, W. W. Immerzeel, I. J. Miltenburg, and H. Pelgrum (2012), Surface 
energy balance and actual evapotranspiration of the transboundary Indus Basin estimated from satellite 
measurements and the ETLook model, Water Resour. Res., 48 
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1.5. Net Renewable Water in the Study Area 
The difference between rainfall precipitation and evapotranspiration in the area is the net 

renewable water which is available to flow in streams and rivers and which can be stored in surface 

and subsurface reservoirs. Subtracting the mean annual evapotranspiration volume of 1936 MCM 

from the mean annual rainfall volume of 3580 MCM, the net renewable water in the area is 

estimated to be 1645 MCM for the entire water shed. This may be taken as the planning figure for 

exploitation of renewable water in a sustainable manner for the entire watershed. 

1.6. State of Surface Water  
The Soan and Kurang Rivers are the main streams draining the area. Their primary tributaries are the 

Ling River, draining northwestward into the Soan; Gumreh Kas, draining westward into the Kurang 

from the area between the Kurang and Soan; and Lei Nala, draining southward into the Soan from 

the mountain front and urban areas. The Kurang and Soan Rivers are dammed at Rawal and Simbly 

Lakes, respectively, to supply water for the urban area. Extensive forest reserves in the headwaters 

of the Kurang and Soan Rivers benefit the quality and quantity of supply. A supplemental network of 

municipal and private wells as deep as 200 m produces ground water primarily from Quaternary 

alluvial gravels. The altitude of the water table decreases from about 600 m at the foot of the 

Margalla Hills to less than 450 m near the Soan River, so that the saturated generally follows the 

topographic slopes and provides baseflow to Soan River at the dipping altitudes in the watershed. 

Lei Nala carries most of the liquid waste from Rawalpindi and contributes greatly to the pollution of 

the Soan River below their confluence. Solid-waste disposal practices threaten the quality of ground-

water reserves. 

1.7. State of Groundwater  
The water table which used to exist in the urban areas at an average depth between 2 to 20 m in the 

1980’s13 has now been reached 50 to 90 m14. However, regolith depth above the bedrock in most of 

the study area exceeds 400m.  Top 35 m of the surface is overlain mostly alluvium mixed with 

broken rock fragments. Underneath this layer lies Lei Conglomerate formation, more than 150m 

                                                           

 

13 Ashraf, K.M., and Hanif, Mohammad, 1980, Availability of ground water in selected sectors/areas of 
Islamabad—Phase I and II: Pakistan Water and Power Development Administration Ground Water 
Investigation Report 35, 30 p 
14 Primary data collected during this study from old 46 UCs. 
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thick, which forms the aquifer for most of the area.  Moreover, the regolith, mostly composed of 

broken rocks, sandstone, and sand/gravel layers, is well capable of providing unconfined aquifer 

storage. If managed properly, there is huge aquifer storage space available in the study area. Un-

managed exploitation of aquifer and with no managed recharge, the groundwater quality and 

quantity has issues at present. However, as explained in the chapter on Groundwater Model, the 

potential of groundwater as one of the most important available resource in the RWASA jurisdiction 

has been discussed in more detail.  
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2.BGIS Mapping of Existing Infrastructure 
and Resources 

The building of adequate databases through the monitoring of hydrological systems is a fundamental 

prerequisite of water resources assessment and management. This chapter reviews the adequacy of 

current monitoring networks and techniques in the light of a changing resource base and evolving 

water management philosophies related to sustainable development.  

Data collection and processing will remain an incessant function throughout the project. A database 

structure has already been developed in GIS format. All existing/available data has been added to 

that database. There are both GIS and non-GIS (spatial and non-spatial) data. The database caters 

for both formats. At the end of the project, the complete database in its soft form will be handed 

over to RWASA 

2.1. Existing Water Supply Infrastructure 
Existing water supply infrastructure has been survey by the consultants, in collaboration with 

RWASA staff. All the GIS based components have been added to GIS Database. No spatial 

information and tabulated formats of spatial information on existing water supply infrastructure has 

been provided in Annexure D through H. 

2.2. Existing Drainage Infrastructure 
Existing drainage infrastructure within RWASA jurisdiction has been survey by the consultants, in 

collaboration with RWASA staff. All the GIS based components have been added to GIS Database. No 

spatial information and tabulated formats of spatial information on existing water supply 

infrastructure has been provided in Annexure D through H. 

2.3. Existing Sewerage Infrastructure 
Existing sewerage infrastructure within RWASA jurisdiction has been survey by the consultants, in 

collaboration with RWASA staff. All the GIS based components have been added to GIS Database. No 

spatial information and tabulated formats of spatial information on existing water supply 

infrastructure has been provided in Annexure D through H. 
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3.BWater Quality 

The review of various studies and periodic testing was undertaken in Study A. From the same review, 

following important points are drawn and explained below: 

3.1. Sources of Pollution 
Disposal of the large quantities of liquid and solid waste generated by the combined populations of 

more than 1.3 million people in Rawalpindi and Islamabad is a major problem that presently causes 

extensive pollution of ground water, surface water, and air. Islamabad has one of the most modern 

sewage treatment plants in Pakistan; sewage is carried by pipes to a disposal plant just north of 

Rawalpindi, where it is treated and the relatively clean effluent passes into a tributary of Lei Nala. 

Immediately downstream, however, waste water of all types enters Lei Nala as it passes through 

Rawalpindi. On the south side of Rawalpindi, Lei Nala enters the Soan River as a putrid stream 

covered with brown foam. Toxic waste may be part of the mixture, as Lei Nala passes through 

industrial areas, and the Rawalpindi area lacks an organized facility for disposal of toxic waste. 

3.2. Solid Waste in Natural Water Ways 
Solid waste is also dumped into Lei Nala and at various sites in the surrounding countryside. These 

sites are generally unsuitable for agriculture, either because of bedrock outcrops or because of 

gullies in the silt. The waste is spread, burned, and, in some places, covered with a thin layer of soil. 

These practices represent an attempt to reclaim waste land, and in a few places, crops are planted 

over the buried waste. Air pollution results from the burning in either case, but potential problems 

with pollution of surface and ground water are more severe in the bedrock outcrop areas. There is 

no impermeable barrier between the waste and the exposed bedding planes of steeply dipping 

permeable sandstone of the Murree Formation, so leachate from the waste can move rapidly into 

the ground-water flow system. Also, steep slopes in bedrock areas combined with lack of adequate 

cover material and drainage control structures allow leachate to move rapidly into surface streams. 

During the summer monsoon, leaching of waste is accelerated by precipitation averaging more than 

250 mm/month and maximum temperatures averaging more than 34°C. Control of ground-water 

pollution is important because municipal and private wells are used extensively in Islamabad and 

Rawalpindi to supplement supplies from the Rawal and Simbly Lakes. 

Potentially favorable sites for waste disposal near Rawalpindi exist in exhausted clay pits within the 

Postwar Clay. Compacted clay-rich silt has low permeability, and areas of silt suitable for cover can 
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usually be found. When properly engineered, filled, and covered, the reclaimed pits may be suitable 

for low-intensity uses such as agriculture, storage yards, or parks and recreation. 

3.3. Flooding 
Lei Nala heads in the Margalla Hills and passes through the center of Rawalpindi, where homes and 

lives have been lost to flooding in low-lying areas. Although the stream is relatively small, it is 

entrenched, so floodwaters are confined to the narrow flood-plain zone at the valley bottom. This 

confinement increases the depth and suddenness of flooding in the small area affected but protects 

most of the population, who live above flood level. If continued losses are to be minimized, land use 

in the affected areas may have to be changed. Wide flood plains along the Soan River above the 

Grand Trunk Road bridge are subject to flooding but are not densely populated. Expansion of 

residential or industrial development onto the Soan flood plain should be carefully controlled, 

although dams on tributaries to the Soan help to reduce potential problems. 

3.4. Waste Disposal 
Disposal of the large quantities of liquid and solid waste generated by the combined populations of 

more than 1.3 million people in Rawalpindi and Islamabad is a major problem that presently causes 

extensive pollution of ground water, surface water, and air. Islamabad has one of the most modern 

sewage treatment plants in Pakistan; sewage is carried by pipes to a disposal plant just north of 

Rawalpindi, where it is treated and the relatively clean effluent passes into a tributary of Lei Nala. 

Immediately downstream, however, waste water of all types enters Lei Nala as it passes through 

Rawalpindi. On the south side of Rawalpindi, Lei Nala enters the Soan River as a putrid stream 

covered with brown foam. Toxic waste may be part of the mixture, as Lei Nala passes through 

industrial areas, and the Rawalpindi area lacks an organized facility for disposal of toxic waste. 

ply dipping permeable sandstone of the Murree Formation, so leachate from the waste can move 

rapidly into the ground-water flow system. Also, steep slopes in bedrock areas combined with lack of 

adequate cover material and drainage control structures allow leachate to move rapidly into surface 

streams. During the summer monsoon, leaching of waste is accelerated by precipitation averaging 

more than 250 mm/month and maximum temperatures averaging more than 34°C. Control of 

ground-water pollution is important because municipal and private wells are used extensively in 

Islamabad and Rawalpindi to supplement supplies from the Rawal and Simbly Lakes. 

3.5. Rawal Lake Pollution Control 
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Rawal Lake is one of the major sources of drinking water for RWASA jurisdiction by it is prone to 

pollution due to rapidly expanding population centres in its catchment area. Most of these 

expansions are unplanned and unregulated and are dumping their solid waste and sewerage into the 

water channels leading to the Lake.  

A comprehensive survey was carried out by the consultants to identify locations of pollution into the 

Lake. The following figure shows the point sources of pollution into the lake.  

Annexure F through C give the description of each of these pollution sources and the type of 

pollution they are creating. 

 

Figure 10 Sources of pollution in Rawal Lake 
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4.BGroundwater Flow & Transport Model 

The groundwater flow and transport model presented in this study was prepared using Interactive 

Groundwater (IGW)15 – a numerical modeling system based on Modflow and MT3D algorithms.  IGW 

is a finite difference groundwater flow and transport modeling system which solves the following 

partial differential equation within the model domain: 

The partial differential equation describing flow in porous medial is usually written as 

           s
j

ij
i

s q
X

h
K

Xt

h
S )(        

Where  Ss = the specific storage of the aquifer materials [L-1], 

            h = the hydraulic head [L], 

       Kin = the hydraulic conductivity tensor [L/T] 

            Xi = the Cartesian coordinate [L], and 

             qs = the source/sink term [T-1]. 

 

The depth-averaged form of the equation (where depth is b) can be presented as follows which was 

used for the layered based geological layers in the model 

s
j

ij
i

Q
X

h
T

Xt

h
S )(   

where   S = Ssb = the storage coefficient [-], 

           Tij = Kijb = the transmissivity tensor [L2/T], and 

           Qs = qsb = the source/sink term [L/T] 

 

Layer based modeling was carried out for which the latter equation was solved for the model 

domain. 

                                                           

 

15 IGW Reference Manual for Version 3. Copyright © 2003 by Dr. Shuguang Li and Associates at Michigan State 
University.  All rights reserved. 
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4.1. Purpose of the Model 
The purpose of building a numerical groundwater model was to understand the flow dynamics of the 

aquifer under RWASA jurisdiction and to assess the sustainable capacity of the aquifer to supply 

good quality potable water in RWASA jurisdiction 

4.2. Conceptual Model 
After studying the general layout of topography, rainfall pattern, stream flows, natural drainage 

network, geology and anthropological stresses, a conceptual model for RWASA jurisdiction was 

made as illustrated in Figure 11 

4.2.1. Sources 

Rainfall infiltration is reckoned as the primary source of recharge to the aquifer. Other sources 

include seepage from dams and large streams. Wastewater disposal in natural water ways also 

infiltrates in the aquifer. 

4.2.2. Sinks 

Groundwater abstraction is one of the major anthropogenic sink of groundwater. Natural sinks 

include boundary flow and baseflow. 

4.2.3. Contaminant Transport 

Leachate from solid waste and infiltration of waste water into the aquifer after being disposed off in 

the natural water courses are the major sources of contamination of groundwater. 

4.2.4. Physical components of the Aquifer 

The physical components of the aquifer include high infiltration zones in the higher altitudes while 

the infiltration is variable in the lower altitudes. Paved surfaces in the built up areas act as 

impervious surfaces where infiltration almost nil. The major water bearing formation is Lei 

Conglomerate which is approximately 150m thick. Quaternary gravel beds within Lei formation form 

the most productive aquifers. Beneath Lei Conglomerate is Soan Formation, approximately 250m 

thick, primarily composed of shale and sandstone. Above Lei Conglomerate are alluvium deposits 

with thickness varying from 3m to 35m. There are no well defined and continuous impervious layers 

which may produce confined aquifer conditions. Most of the aquifer is, therefore, unconfined within 

Lei and Soan formations 
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4.3. Delineation of Model Domain 
In an ideal situation, a groundwater model’s boundaries should coincide with physical no-flow 

boundaries. However, seldom this condition is completely fulfilled. So was the case for the 

groundwater model presented in this study, however, an attempt was made to be as ideally close to 

natural no-flow boundaries around the model domain as possible. 

RWASA Jurisdiction does not conform to the natural boundaries which define surface or sub-surface 

hydrologic regime. The model boundaries, therefore, were extended to the nearest watershed 

boundaries outside RWASA Jurisdiction. The following map shows RWASA boundary with respect to 

various watersheds in the area. Total area of RWASA jurisdiction is 873 square kilometer, whereas 

the model area, thus formed was 2763 square kilometer. 

The model domain thus becomes the upper watershed of Soan River. The model area is typically 

bounded in the north and north west by well defined crest of Margalla Ridge. To the east, the model 

boundaries run over the less conspicuous ridge lines defining the watershed of Soan and its 

tributaries.  

To the south, the model boundaries were truncated along the boundaries of RWASA Jurisdiction. 

These boundaries approximately follow the soft no-flow condition as the groundwater converges to 

Soan and its tributaries. It is expected, however, that model results are less certain because of this 

less robust boundary condition. 

The model domain in shown in Figure 12 on the backdrop of a satellite image covering the entire 

region around RWASA Jurisdiction and the complete model domain. For better visualization of 

watersheds, the same image is presented in perspective view in Figure 13. 
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4.4. Model Constraints 
The groundwater model presented in this study only captures the regional dynamics of the sub-

surface flow system within its domain. The water balance and flow regime presented in the model 

delineates regional water budget and flow directions and should be used with caution if 

interpretation is to be made for a local area the size of a single UC (especially the old 46 UCs which 

have very small areas compared to newly added UCs). 

The regional scale model was built using secondary data only as there were no specific provisions of 

physical hydrogeological investigations for the sake of groundwater model development, calibration 

or validation. The model interpretation, therefore, may be made within the constraints of available 

secondary data set (as explained in following sections) and the regional scale dynamics which were 

the primary focus of the model. 

4.5. Data  
Following data sets were employed for development of the model, its calibration and validation. The 

data sets are listed as follows and shown from Figure 14 through Figure 21 

4.5.1. Bore Logs and Water Wells 

Three sources of data on bore logs and water wells were used as follows: 

B Primary data taken from RWASA wells in old 46 UCs 

B Well logs from USGS geological investigations in CDA Area 

B Well logs and resistivity survey data from various UCs of RWASA conducted for PHED 

Water Supply Scheme and other similar works16 and shown in Annexure I 

4.5.2. Hydraulic Properties of the Aquifer 

Satellite images from Landsat data were used to identify vegetation and density of construction in 

the built-up areas 

Topography was acquired from 30m DEM 

Soils maps from Soil Survey of Pakistan was used to assign 

                                                           

 

16 Various reports prepared by Zahid, et. al, Tatara Engineering, Wah Cantt, Rawalpindi 
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Geological subdivisions of the study area were ascertained from the Geological Maps acquired from 

Geological Survey of Pakistan and USGS Report on the geology of Rawalpindi and Islamabad region 

Precipitation data, representing mean annual rainfall in the study area, was obtained from Pakistan 

Meteorological Organization 

4.5.3. Hydrology 

Stream network was delineated by using 30m DEM and GIS tools. In the groundwater model, 2nd and 

3rd order streams were used at regional scale discretization. The former were modelled as drains 

while the latter was considered 2-way streams.  

River flow data and rainfall/runoff relationships for the natural conditions (i.e. before the 

construction of Rawal Lake and Simly Dam) were acquired through extensive literature search from 

the archives of CENTO hydrological studies of the region. 
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Evapotranspiration Estimates were obtained from NOAA/MODIS pre-processed map for the Indus 

Basin. The band for the study area lies between to 450 to 750 mm per year for the study area.  

4.6. Geologic History of the Aquifer 
Un-cemented conglomerate beds are the most important ground-water aquifer in the area. The Lei 

Conglomerate is interpreted as an alluvial basin-fill sequence of coarse, angular gravel derived from 

the uplifting Margalla Hills to the north interbedded with finer sediment derived from sandstone and 

shale of the Rawalpindi Group and windblown silt. The unit was deposited along the axis of the 

subsiding Soan syncline. Cemented conglomerate beds are resistant to erosion and form ledges and 

hills.  

By Miocene time, the sea had completely receded south of the study area, and during the Miocene 

and Pliocene, very thick continental deposits of the Rawalpindi and Siwalik Groups accumulated in 

the subsiding Himalayan foredeep region. These deposits consist of sediments eroded from 

highlands to the north that were uplifted and deformed by tectonic forces in the zone of 

convergence. 

During the Pliocene, sedimentation was controlled by an eastward-flowing river system (Reynolds, 

1980). The conglomerate of the Soan Formation that was deposited by that river system during the 

late Pliocene consisted chiefly of quartzite and metamorphic clasts eroded from the Himalayan core 

and are similar to clasts in modern Indus River. The eastward-flowing river system was disrupted and 

superseded by the much smaller, southward-flowing Soan River system, and locally derived 

limestone gravel became the dominant component of the Lei Conglomerate; this conglomerate 

accumulated most thickly over the Soan Formation. 

During the Quaternary, climatic fluctuations along with tectonic uplift caused periodic incision of the 

drainage south of the Margalla Hills and alternate periodic accumulations of silt and alluvial gravel 

from the Margalla Hills, which filled the valleys and spread laterally to form wide plains of low relief. 

These depositional history explained above now comprise the aquifer formations underneath the 

study area. A supplemental network of municipal and private wells as deep as 200 m produce 

ground water primarily from Quaternary alluvial gravels. The altitude of the water table decreases 

from about 600 m at the foot of the Margalla Hills to less than 450 m near the Soan River. Soan River 
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and its tributaries get their baseflow from the aquifer and thus from the natural sink for the aquifer 

in the study area. 

4.7. Characteristics of the Aquifer of Rawalpindi 
The Soan and Kurang Rivers are the main streams draining the area. Their primary tributaries are the 

Ling River, draining north-westward into the Soan; Gumreh Kas, draining westward into the Kurang 

from the area between the Kurang and Soan; and Lei Nala, draining southward into the Soan from 

the mountain front and urban areas. The Kurang and Soan Rivers are dammed at Rawal and Simly 

Lakes, respectively, to supply water for the urban area. Extensive forest reserves in the headwaters 

of the Kurang and Soan Rivers benefit the quality and quantity of supply. Lei Nala carries most of the 

liquid waste from Rawalpindi and contributes greatly to the pollution of the Soan River below their 

confluence. Solid-waste disposal practices threaten the quality of ground-water reserves. 

Lei Nala heads in the Margalla Hills and passes through the center of Rawalpindi, where homes and 

lives have been lost to flooding in low-lying areas. Although the stream is relatively small, it is 

entrenched, so floodwaters are confined to the narrow flood-plain zone at the valley bottom. This 

confinement increases the depth and suddenness of flooding in the small area affected but protects 

most of the population, who live above flood level. If continued losses are to be minimized, land use 

in the affected areas may have to be changed. Wide flood plains along the Soan River above the 

Grand Trunk Road Bridge are subject to flooding but are not densely populated. Expansion of 

residential or industrial development onto the Soan flood plain should be carefully controlled, 

although dams on tributaries to the Soan help to reduce potential problems. 

Debris flows issuing from mountain canyons onto alluvial fans at the mountain front create another 

flooding hazard that is less easily recognized than most conventional flood hazards. Infrequent, 

extreme precipitation events may trigger such flash floods of mud, boulders, and water, but during 

the periods between events, sediment accumulates in the mountain canyons, and the longer the 

time between flushing events, the more violent may be the final release. Deposits from such events 

seem to occur in northern Islamabad in parts of Sectors F6, E8, F8, E9, F9, and E10. 

4.8. Model Outputs 
Model was run for steady state simulation of the mean annual hydrologic conditions. The existing 

pumping was also simulated in the model. After calibration and validation of the model, the final 

steady state water balance matched the regional water budget for rainfall, evapotranspiration and 

stream flow. Model out puts with water budgets are shown in Figure 22.  
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The model explains that the groundwater regime in the water shed is receiving most of its recharge 

in the hilly areas of the north, especially in the zone marked by fan alluvium at the foothills of 

mountains. Lower Soan Basin, which mostly lies within RWASA jurisdiction, is the major discharge 

zone of groundwater, giving baseflow to the river, as shown in  

 

Figure 23 Major recharge and discharge zones of the groundwater regime 

 

RWASA jurisdiction, as a consequence, is not contributing as much to the recharge of the aquifer but 

contributing to most of the discharge through river baseflow and municipal pumping. The water 

budget of the steady state model also suggests that there is a lot of groundwater flow moving into 

RWASA jurisdiction as boundary flow. This situation may be exploited by putting a well field in lower 

Soan Basin. The model was used to simulate high capacity well fields and suggested that up to 280 

mgd well field, as shown in Figure 24, in the basin can be installed. However, this figure may be 

treated with caution because a regional scale may not capture local details for individual high 

capacity wells. The potential of groundwater in this area for future development, however, may be 

there. 
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4.9. Recommendations from Modeling Exercise 
Based on the groundwater modeling exercise in this study, following recommendations are made: 

 The model has identified high recharge zones within the watershed. RWASA and other 

governing bodies within the modeling domain (such as CDA, ICT, etc.), may coordinate for 

the collective good of the shared aquifer. The cooperation may entail: 

 Plans, bylaws and enforcement for the protection of sensitive aquifer recharge zones for 

long term sustainability and maintaining good water quality in the aquifer. 

 Urban areas should be designed on the principles of IUWM / WSUD (as explained in the 

subsequent chapters) to enhance aquifer recharge and prevent pollution. 

 Proper urban recharge management plans should be developed within the watershed. 

4.10. Aquifer Potential 
The preliminary groundwater modeling exercise covering the watershed scale shows a good 

potential of aquifer as reliable resource for future. However, it must be borne in mind that the 

aquifer modeling was only based on secondary data as there were no provisions within the scope of 

this study to carry out expensive field investigations such as deep drilling and yield tests. In the 

absence of such validation, specific locations of high capacity wells and detail design of well fields is 

not possible. It is recommended, therefore, that the areas recommended for installation of well 

fields may be investigated with primary data and hydrological testing.  
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5. Integrated Water Resources 
Management (IWRM) 

Sustainability is the key concept on which exploitation and utilization of water resources for RWASA 

have been proposed in this study. The study takes advantage of the basic principles and best 

management practices advocated in IWRM. This section explains the conceptual elements of IWRM 

which have been employed in evaluation sustainable management of water resources for the future. 

IWRM is about building synergy and links between various facets of water resources in order to 

sustainability. Since the 1970s, there has been a growing awareness that natural resources are 

limited and that future development must come to terms with this fact. The concept of sustainability 

has on the whole gained wide acceptance worldwide and may be defined as “improving the quality 

of human life while living within the carrying capacity of supporting ecosystems”17.  

Integrated water resources management can be interpreted 

at three different levels. First, it involves the systematic 

consideration of various dimensions of water: surface and 

groundwater, and quantity and quality. The key is that water 

represents an ecological system, containing interrelated 

parts. Each part can influence, and be influenced by, other 

parts, and therefore needs to be planned for and managed 

with regard to those interrelationships. At this level, 

attention normally is given to how to integrate 

considerations related to water security and water quality. 

At the second level, managers recognize that while water is an ecological system, it also interacts 

with other resource systems, ranging from terrestrial to other environmental systems. This second 

level is broader than the first, and turns attention to matters such as flood-plain management, 

drought mitigation, erosion control, irrigation, drainage, non-point sources of pollution, protection 

of wetlands and fish or wildlife habitat and recreational use. At this level, integration is needed 

                                                           

 

17 IUCN/UNEP/ WWF, 1991 
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because many water problems are triggered by land use or other development decisions involving 

major implications for aquatic systems. 

The third level is broader still, and directs the manager toward 

interrelationships among the economy, society and the 

environment – of which water is but one component. Here, the 

concern is the extent to which water can facilitate or hinder 

economic development, reduce poverty, enhance health and 

well-being and protect heritage. All three levels highlight the fact 

that planners and manager’s deal with a mix of systems.  

Concept of sustainability applied to water resources management 

would imply to assess the safe and adequate supply of good 

quality potable water to the inhabitants in the study area in 

planning horizon. However, the sustainability should be perpetual 

and may not fail beyond the planning horizon.  

The past few decades have witnessed dramatic changes in water management. There have been two 

important underlying themes. First, there is a growing awareness that water is a fundamental 

element in the natural environment. The presence and movement of water through all biological 

systems is the basis of life. Water, land and biological systems must be viewed as interlinked, and 

monitoring of the various components of the ecosystem should be harmonized. Secondly, water is 

absolutely essential to all forms of economic activity, for example, agriculture and food production, 

for much of industrial production and for commerce related navigation. Water is also a critical factor 

in human health. Too much water, in the form of floods, or too little, such as drought, can lead to 

human and environmental disasters. But floods and droughts are natural occurrence too, and 

therefore, should be incorporated in risk management plans. 

5.1. Watershed Management 
There is general recognition that the natural management unit is the river basin. It makes sense to 

manage the water resources within a river basin and in a coordinated manner, as the water is often 

used several times as it moves from the headwaters to the river mouth. It also makes sense to 

manage all natural resources – vegetation, soils and the like – within the basin unit. Water demands 

for human activities should also be managed within the basin in an integrated manner. 

A community is 

unsustainable if it 

consumes resources 

faster than they can be 

renewed, produces more 

wastes than natural 

systems can process or 

relies upon distant 

sources for its basic 

needs 
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Unfortunately, political boundaries do not normally coincide with basin boundaries. This adds 

another essential layer for trans-boundary cooperation within the watersheds. In the context of this 

study, the twin cities of Rawalpindi and Islamabad share the same watershed (of Upper Soan River). 

Rawalpindi, or RWASA Jurisdiction, constitutes the lower riparian within the watershed while 

Islamabad (CDA and ICT), and Murree-Kahuta Development Authority form the upper riparian areas.  

5.2. Surface and Groundwater 
In many regions of the world, groundwater is the major source of the flow in surface streams during 

the dry season. In addition, certain land-based activities, such as those causing leakage from 

underground storage tanks, can lead to pollution of aquifers. Other land-based activities, for 

instance, withdrawal, which is implemented to meet urban or agricultural needs that exceed rates of 

recharge, can also bring about the depletion of groundwater reserves. 

Given the interconnections identified above, in order to achieve effective management of aquatic 

systems, it is necessary to study and manage surface water and groundwater as connected systems, 

particularly to ensure secure water supplies of acceptable quality. An integrated approach 

encourages – indeed, requires – the joint management of surface water and groundwater systems. 

5.3. Ecological Services within the Watershed 
Hydrologists today need a much broader view of hydrology, including ecological, biological and 

human-use aspects of the aquatic system. The contemporary concepts of IWRM dictate that the 

value of ecological services,  such as pollution control, improvement in water quality, etc., provided 

by flowing rivers, wetlands, and aquatic ecology,  also be factored-in in a synergistic way with the 

engineered facilities built for the same (i.e. pollution control, water treatment, storm water, aquifer 

recharge etc.). 

In order to conserve the hydrological and ecological function of the drainage network, the physical 

regime of the river must not be altered or dried up. The amount of water that is needed to sustain 

an ecological value of an aquatic ecosystem is referred to as environmental water demand. The 

question of a minimum flow is particularly important in arid and semi-arid regions and must be 

borne in mind in river basin planning and management. An ecological minimum flow can artificially 

be maintained by reservoir management. To model environmental demand, a given river stretch can 

be assigned a minimum flow requirement that has to be met.  
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There have been significant socio-economic changes in many parts of the world. Rapid population 

growth, particularly in developing countries and in burgeoning urban centres, combined with 

industrialization and rising living standards have increased the demand for water. Pollution in many 

regions has reduced the quantities of safe drinking water. Groundwater levels have declined in many 

regions. Growing demand, outstripping supply, will become more common. Thus, more efficient and 

effective water management is imperative 

5.4. Monitoring Requirements 
Hydrological monitoring is also an integral element of IWRM which helps adaptive management, risk 

evaluation, long term record keeping, and prediction of trends – both in resource availability and 

consumption. Well-equipped and institutionally organized hydrologic services should continually 

monitor changing demands for water-related data.  

Monitoring requirements are also continually evolving. They are influenced by trends in 

governmental policy and practice as well as new emerging sciences. What is more, they work in a 

rapidly evolving environment characterized by the following factors: 

 Heightened global commitment to sustainable management of natural resources and the 

environment, combined with efforts to improve the living conditions of the poor, who 

generally are the most dependent on natural resources; 

 An expanding emphasis on the need for integrated water resources management, as 

pressure on the world’s water and other natural resources creates a general awareness that 

resources must be developed and managed in a sustainable manner; 

 A seemingly inexorable increase in the impact wrought by natural disasters, particularly 

floods and droughts. At the same time, risk management is becoming more widely adopted; 

 The impact of socio-economic trends on the day-to-day operations; 

 Ever-growing use of the Internet or the web-based delivery of hydrological data and 

products – leading to more public awareness which necessitates more transparency in 

procedures and decisions taken by the water managers. 

5.5. Environment, Economy and Society 
Historically, water management has been dominated in developed and developing nations by three 

professions: engineering, agriculture and public health. As a result, engineers began focusing on 

structural solutions for issues ranging from water security – whether for urban, industrial or 

agricultural use – to water quality and flood damage. In addition, health professionals started 
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turning their attention to the treatment and disposal of sewage and other wastes detrimental to 

health.  
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6. Resource Evaluation for Sustainable 
Water Supply  

6.1. Population Projection 
The combined population of Rawalpindi and Islamabad (the twin cities), as per 1998 census, was 

1.94 million. Projected at the current growth rates, the combined population of the twin cities could 

exceed 11 million by 2040 as estimated by Ministry of Finance18, while that of RWASA jurisdiction 

will be close to 5.8 million. This estimate may look on the higher side as the fertility rates are on the 

decline, however, with increasing trend of urban migration to Rawalpindi and Islamabad (with a 

trend of lots of housing schemes being promoted in the area), this estimate may even exceed. For 

the sake of planning water requirements within RWASA Jurisdiction for the planning horizon, a 

population of 6 million has been assumed.  

6.2. Water Demand 
Water supply at the rate of 40 gallons per capita per day (0.5 cubic meters per person per day) has 

been envisaged for the residents of RWASA jurisdiction as already approved in Rawalpindi Master 

Plan (1996-2016) 19 . The annual water requirement for the planning year 2040 for an estimated 

population of 6 million comes out to be 398 million cubic meter (MCM). Daily water demand for 

RWASA for the planning horizon then comes out to be 1.1 MCM per day or 242 million gallons per 

day (mgd). 

6.3. Renewable Water within the Water Shed 
Rainfall is the main source of renewable freshwater in the area. All other renewable resources in the 

area are directly or indirectly driven by rainfall. This makes measurement and management of 

rainfall is one of the most important elements of sustainable development of water resources. 

Estimates of rainfall distribution over the watershed were made based on the annual rainfall data 

acquired from Pakistan Meteorological Department. Water flowing in the rivers/streams, storages in 

                                                           

 

18 Ministry of Finance http://www.finance.gov.pk/survey/chapter_10/16_Population.pdf 
19 Rawalpindi Master Plan 1996-2016, Government of the Punjab, Local Government and Rural Development 
Department, No. So, 111(LG) 7-12/98 dated 25 Sept 1998 
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natural and artificial lakes, and groundwater (aquifers), all comes through this precipitation within 

the watershed. The mean total annual rainfall in the watershed varies from more than 1554 mm in 

the mountains in the north to 1052 mm in the plateaus in the south as shown in Figure 2. Total 

mean annual rainfall over the watershed is averaged at 1296 mm, bringing in an average annual 

volume of water equal to 3571 MCM which drives the hydrological cycle of the watershed.  

 

Figure 25 Variation of mean annual rainfall in millimeters over the watershed. RWASA boundary is 
also shown where rainfall average is lower than the northeastern part of the watershed 
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Evapotranspiration (ET) estimates for the study area were obtained from Bastiaanssen et. al. 

(2012)20, based on NOAA/MODIS satellite data of the Indus Basin as shown in Figure 3. ET in the 

study area varies from 461 mm/year to 750 mm/year. For the planning purposes, it was taken as 700 

mm/year, leaving behind 596 mm/year which renews water in the rivers, streams, lakes and 

aquifers. The mean annual renewable volume of water thus becomes 1645 MCM, which is reckoned 

as the total annual renewable water in the watershed.  

 

Figure 26   Evapotranspiration estimate from MODIS/NOAA satellite data (Betiaanssen et al 2012) 

 

 

                                                           

 

20 Bastiaanssen, W.G.M., Cheema, M.J.M., Immerzeel, W.W., Miltenburg, I.J. and Pelgrum, H. (2012). Surface 
energy balance and actual evapotranspiration of the transboundary Indus Basin estimated from satellite 
measurements and the ETLook model. Water Resources Research 48: 
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6.4. Renewable Water for RWASA Jurisdiction:  
Mean annual rainfall within RWASA jurisdiction is 1176 mm, which translates to annual volume of 

1027 MCM. Excluding 700 mm loss in evapotranspiration, estimated renewable water from rainfall 

in RWASA jurisdiction is 417 MCM. Since RWASA jurisdiction is lower-riparian, it also receives 

overland flow (primarily river runoff) from the upper riparian areas and boundary flow into its 

underlying aquifer.  Several datasets were analysed from the studies undertaken by CENTO21 before 

the construction of Simly and Rawal Dams in the region. From these data sets it was estimated that 

mean annual river runoff, excluding the baseflow, is approximately 18% of annual rainfall. Using 

regional groundwater model for the area, analysis of hydrogeological data available from USGS22 , 

and further analysis of data incorporating ET estimates, following water balance components were 

derived for RWASA: 

 

Figure 27 Water balance components for annual renewable water (in million cubic meter) versus 
current and future demand 

From the regional level study presented in this report, the above figures point towards the potential 

of groundwater recharge in the RWASA jurisdiction which exceeds the total demand for 2040. 

However, at this point in time, the simplistic conclusion that current recharge rates are enough to 

                                                           

 

21 The Role of Science in Developing Natural Resources With Particular Reference to Pakistan Iran and Turkey, 
Ist Edition, Pergamon Press, London, 1964, Part 4 “Surface Water Resources of the Federal Capital Area” pp . 
163-176 
22 Environmental Geology of the Islamabad-Rawalpindi Area, Northern Pakistan. USGS Bulletin 2078G, U.S 
Department of Interior, U.S. Geological Survey 
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meet the future demand may not be drawn. It should be noted that this figure for recharge is spread 

over an area of 863 square kilometres and also includes the boundary flow entering RWASA 

jurisdiction from up-slopes of Islamabad and surroundings. The area is full of irregularities and local 

geological variability which must be analysed in detail to exploit and/or manage this potential. This 

study, therefore, only highlights the potential and possibilities of managed recharge to meet future 

demands while concludes that there is enough renewable water (689 MCM, both surface water and 

groundwater), flowing though the area to meet future demands (398 MCM). 

6.5. Future Water Works 
The future water works required to exploit the potential of total renewable water within RWASA 

jurisdiction, as shown in Table 1, include important elements water sensitive urban designs for storm 

water management, rain water harvesting (at local, municipal and regional scales), management and 

treatment of waste water, computer controlled well fields with high capacity well clusters, recovery 

and rehabilitation of right of ways of natural water courses, additional construction by laws (to 

include water used efficiency and WSUD), and solid waste management etc. If the potential of 

renewable water as shown in the table is successfully exploited, it will bring perpetual sustainability 

of water resources to meet current and future demands. The future water works 

Table 2 Annual Water Demand Compared to Renewable Water in the Study Area 

 RWASA Jurisdiction 

Mean available renewable water per year 689 MCM 

Yearly demand by 2040 398 MCM 

Yearly demand as % of available renewable water 
in 2040 

75% 

Current yearly demand 166 MCM 

Current yearly demand as % of available 
renewable water 

31% 

 

6.6. Sustainable Yield from Surface Water 
It has been assessed that exploitation of surface water resources, especially by creating artificial 

reservoirs on rivers/streams will not be sustainable in the long run. Surface water in the area is 

highly prone to pollution and silting and cannot handle serous droughts. Transfer of water from the 



Master Plan for Rawalpindi WASA 
Study B – August 2015 

  BB 

 

surface water resources outside the study area is both expensive in terms of infrastructure as well as 

operational costs. Moreover, in case of a major damage to infrastructure, e.g. earthquake, the 

population at risk would be difficult to manage. 

6.7. Sustainable Yield from Groundwater 
Regional scale groundwater model suggests that up to 280 mgd of water can potentially be 

sustainably abstracted from the groundwater in the study area if rainwater recharge is properly 

managed. However, more hydrogeological investigations will be required before making any plan for 

exploitation of this potential. 
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7. Integrated Urban Water Management 

Integrated Urban Water Management (IUWM) or Water-sensitive urban design (WSUD) is a land 

planning and engineering design approach which integrates the urban water cycle, including storm 

water, groundwater and wastewater management, water recycling, and water supply, into urban 

design to minimise environmental degradation and improve aesthetic and recreational appeal. 

IUWM/WSUD is a fully integrated approach that deals with all facets of water management in the 

urban and peri-urban environments and involves all stake holders in the processes of planning and 

design.  

This study uses the term IUWM or WSUD interchangeably which is similar to Low-impact 

Development (LID) mostly used in North America or Sustainable Urban Drainage Systems (SUDS) 

mostly used in United Kingdom. IUWM is mostly preferred by World Bank while WSUD is mostly 

used in Australia.  

7.1. Rationale for Using IUWM/WSUD Approach 
Storm water management has historically focussed on directing water away from properties and 

managing pollution, flooding and erosion problems within the drainage system. It is now widely 

recognised that rainwater should be used within buildings and delivered to the environment in a 

more sustainable fashion, replicating natural water cycles. The advantages of sustainable water 

management extend beyond just the environmental benefits of improved receiving water quality, 

because WSUD helps break the flood peaks, reduces the quantity of storm flows, recharges the 

groundwater, helps reduce water demand for municipal needs, integrates rainwater harvesting, and 

reduces the demand on the reticulated water supply.  

Development, construction and maintenance costs can be reduced with an integrated series of 

water management techniques that utilise water as an asset rather than a nuisance. A combination 

of recreational, habitat and flood mitigation benefits can be gained from the same piece of land 

while improving the amenity of the land to the community.  

The practice of sustainable water management is usually referred to as integrated water cycle 

management (IWCM). This is similar to IWRM but while IWRM deals with water resources 

management at the Watershed/River Basin Scale, IWCM is primarily concerned with smaller scale 

urban environments. 
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7.1.1. Key Benefits of Adopting IUWM/WSUD Approach 

Urban water management is now on the verge of a revolution in response to rapidly escalating 

urban demands for water, as well as the need to make urban water systems more resilient to 

climate change. Growing competition, conflicts, shortages, waste and degradation of water 

resources make it imperative to rethink conventional concepts – to shift from an approach that 

attempts to manage different aspects of the urban water cycle in isolation to an integrated approach 

supported by all stakeholders 

IUWM/WSUD fully integrates the principles and practices of IWCM and IWRM within the urban 

settings, and hence it may be adopted as policy in RWASA jurisdiction to address the following key 

benefits23: 

 The world’s towns and cities are growing rapidly. Sustainable urban development means 

focusing on the relationships between water, energy, and land use, and diversifying sources 

of water to assure reliable supply. 

 IUWM/WSUD provide a framework for planning, designing, and managing urban water 

systems. It is a flexible process that responds to change and enables stakeholders to predict 

the impacts of interventions. 

 IUWM/WSUD includes environmental, economic, social, technical, and political aspects of 

water management. It brings together fresh water, wastewater, storm water, and solid 

waste, and enables better management of water quantity and quality. 

 IUWM/WSUD calls for aligning urban development with basin management to ensure 

sustainable economic, social, and environmental relations along the urban-rural continuum. 

 Developing, policies and strategies supported by financing strategies, technological 

developments, and tools for decision-making, in cooperation with both public and private 

sector partners, can facilitate putting IUWM into practice at all levels. 

 Urban water planners will shift from being resource users to resource managers, change 

their consumption patterns, waste management, and planning to better balance resource 

flows to and from cities. 

 IUWM projects require significant funding, but public agencies in many countries have 

limited ability to invest in infrastructure. 

                                                           

 

23 GWP Policy Brief (2013): Integrated Urban Water Management – Toward Diversification and Sustainability 
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 Improving economic service efficiency and minimising water losses involves redesigning 

systems and changing consumer behaviour. This will need increased cooperation with the 

private sector. 

 Developing ‘eco-cities’ will enable waste products to be used to meet energy and material 

needs. 

7.1.2. Principles of Integrated Urban Water Management 

Integrated Urban Water Management calls for the alignment of urban development and basin 

management to achieve sustainable economic, social, and environmental goals. It brings together 

water supply, sanitation, storm- and wastewater management and integrates these with land use 

planning and economic development.  

An IUWM approach integrates planning for the water sector with other urban sectors, such as land, 

housing, energy, and transport to avoid fragmentation and duplication in policy- and decision-

making. Cross-sector relationships are strengthened through a common working culture, collective 

goals and benefits are better articulated, and differences in power and resources can be negotiated. 

It includes the urban informal sector and marginalised communities. The basic principles of 

IUWM/WSUD include: 

 Encompass alternative water sources; 

 Match water quality with water use; 

 Integrate water storage, distribution, treatment, recycling, and disposal; 

 Protect, conserve and exploit water resources at their source; 

 Account for non-urban users; 

 Recognise and seek to align formal and informal institutions and practices; 

 Recognise relationships among water, land use, and energy; 

 Pursue efficiency, equity and sustainability; and, 

 Encourage participation by all stakeholders 

Figure 28  further elaborates how integrated urban water management helps a fully coordinated 

planning and management of water sector with other important sectors within the planning regime 

of an administrative jurisdiction. The IUWM approach begins with clear national policies on 

integrated water resources management, backed by effective legislation to guide local authorities. A 

successful approach requires engaging local communities to solve the problems of water 
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management. Collaborative approaches should involve all stakeholders in setting priorities, taking 

action, and assuming responsibility. 

IUWM/WSUD assesses both water quantity and quality, estimates future demand, anticipates the 

impacts of climate change, and recognises the importance of efficiency, without which water 

operations cannot be sustainable. It also recognises that different water sources can be used for 

different purposes – fresh water for domestic use; rain/storm water for supplementing aquifer 

recharge; and treated wastewater for agriculture, industry, and the environment. 

 

Figure 28 Integrated Urban Water Plan within the master planning of a city and a basin (GWP 2013) 

 

7.1.3. Economics of IUWM/WSUD 

Under IUWM, water prices and allocations reflect the costs of developing and delivering water 

supplies and maintaining the system. Price signals the true value of water. Accurate pricing will 

encourage all users to manage water wisely, consistent with an integrated urban water management 

strategy. Differential tariffs that account for water quality can incentivise all users to reduce surface 

water or groundwater consumption in favour of reclaimed water for example.  
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Tariffs, taxes, and subsidies can be used to distribute benefits fairly without diminishing the 

productivity of water resources. But if tariffs are set too low so they favour poor users and then 

cannot support effective operations and maintenance, the system may inadvertently contribute to 

greater inequality. 

Pricing instruments can be designed so users pay more for higher levels of consumption or quality. 

Financial incentives like rebates, subsidised retrofits, water audits, and seasonal and zone pricing can 

also be used. Schemes under the ‘polluter pays’ principle, in which charges relate to the effluent that 

users generate, can improve the cost-effectiveness of treatment and reuse. They can even fund the 

construction of new infrastructure. But IUWM projects require significant levels of funding for both 

capital and operation and maintenance costs. 

7.1.4. Policy Recommendations for RWASA to Implement IUWM/WSUD 

Adopting IUWM/WSUD and its iterative processes will help RWASA jurisdiction to significantly 

reduce the number of people without access to water and sanitation by providing water services of 

appropriate quantity and quality. It is recommended that RWASA should: 

Ensure their policies and strategies facilitate putting IUWM into practice at local and national levels, 

supported by financing strategies, technological developments, and tools for decision-making; 

Take on a more central role in cities and towns so as to lead development initiatives and ensure 

basic needs are met; 

 Incorporate climate change predictions in planning urban water supply and sanitation and 

install and maintain, with the participation of a wide range of stakeholders, infrastructure 

and services that are ‘climate-proof’; 

 Pay special attention to supporting the informal urban sector, vital for a sustainable urban 

economy; 

 Overcome governance fragmentation in public policy and decision-making by linking 

planning with the activities of other sectors; 

 Build staff and institutional capacity to engage in IUWM to ensure they deliver at an optimal 

level; 

 Engineer tariffs, taxes, and subsidies to transfer benefits to vulnerable groups, and ensure 

pricing policy reflects true costs; 

 Consider employing the ‘polluter pays’ principle to improve the cost-effectiveness of 

treatment and reuse. 
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7.2. Integration with RWASA’s Vision/Mission 
As discussed in Study A under this project, RWASA’s current vision includes modernization and 

compatibility with global scenarios. By adopting implementation of IUWM/WSUD as a policy within 

its jurisdiction, not only RWASA will achieve modernization and compatibility with global scenarios, 

the implementation of IUWM/WSUD will directly help the following vision/mission elements of 

RWASA:-  

 modernization;  

 achieving compatibility with global scenarios;  

 reduction in un-accounted for water;  

 reduction in non revenue water;  

 rainwater harvesting;  

 minimizing blockages and flooding;  

 storm water management;  

 separation of sewage and storm water; and,  

 quality of waste water and its disposal. 

Besides helping realize various visions/missions of RWASA, implementation of established principles 

and practices of WSUD will also critically help the following: 

 Prevention: Prevention of run-off and pollution 

 Source Control: Source control of run-off for groundwater recharge 

 Site Control: Management of storm water towards large soak away infiltration basin for the 

catchments 

 Integration: Management of run-off from several sites/areas. 

The above mentioned points are discussed separately under various subsections in this chapter. 

7.3. WSUD Implementation Strategy for RWASA 
Current models of urban planning and water management have already failed or likely to fail from 

the perspective of cost effectiveness, technical performance, social equity, and environmental 

sustainability. More is needed than simply improving the performance and efficiency of the 

component parts of the water system. A paradigm shift is required at the system-wide level. 

Integrated Water Resources Management (IWRM) provides a framework for interventions over the 

entire water cycle and a reconsideration of the way water is used (and reused). And IWRM 
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addresses tradeoffs among water users: agriculture, industry, household, and ecosystems. An 

integrated approach to urban water resources management calls for new objectives that recognize 

the mutual benefits of water resources, energy, and land use management. More governments 

recognise the importance of taking such an approach to address the challenges of cities. There is a 

growing consensus around the principles of WSUD or IUWM which include the following24: 

Involvement of all key players: Critical to the success of the IUWM is the early and continuous 

integration of all stakeholders in the planning, decision making, implementation and monitoring 

process, in a structured way. Roles and responsibilities need to be clearly defined. The main barriers 

are institutional because of a highly fragmented division of responsibilities and tasks. Regulatory 

changes are required to avoid a sector perspective. 

Considering the entire water cycle as one system:  Water sources, supply, wastewater, and storm 

water should be contextualized within an urban water framework and a wider basin level catchment 

area. This allows us to understand the relationship between the components of the urban water 

system, as well as upstream and downstream relationships and impacts on the ecosystem. 

Assessing a portfolio of water sources: A portfolio of options such as surface water, groundwater, 

rainwater, and storm water as well as less obvious water sources such as black water (wastewater) 

and grey water (wastewater other than sewage, such as sink drainage or washing machine 

discharge) should be considered as potential sources. The goal is to diversify sources and increase 

availability for different uses. When considering the demands for water, it is important to match 

water of a certain quality to its intended use. Consumer behaviour needs to be taken into 

consideration in water consumption and waste management as it can affect water resources 

management. 

Maximizing the benefits from wastewater: By employing innovative technologies, water, energy, 

biogas, and nutrients can be reclaimed from waste streams and reused. Recycling and reuse can be 

                                                           

 

24  Global Water Partnership: 
  Integrated Urban Water Management, Technical Committee Background Paper 16; 2012 
  Towards Integrated Urban Water Management, Perspectives Paper; 2011 
  Managing the Other Side of the Water Cycle: Making Wastewater an Asset, Technical Committee 

Background Paper 13; 2009 
  Urban Water and Sanitation Services, an IWRM Approach, Technical Committee Background Paper 

11; 2006 
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fostered by more decentralized systems. Low cost technologies with limited dependence on energy 

can contribute significantly to improving the sustainability of wastewater systems. 

Designing adaptive systems: When developing an WSUD/IUWM strategy, it is important to 

recognize uncertainties such as climate change and its impacts. There is a need to build flexible 

systems that cope with uncertainty and are able to adapt to changing conditions. Such systems could 

be built around the following five main areas: 

 Urban Water Partnerships: Promoting the involvement of key stakeholders in strategic 

planning, agreements on water allocations, pollution control measures, as well as in efficient 

water use, water savings, transparency issues, and a citizen’s card system. 

 Urban Water Catchment Management: Considering the entire water cycle as one system, 

linking the management of urban water to IWRM Plans in the broader basin context; 

assessing all water sources availability; assessing water demand and use; providing water fit 

for different purposes; regulatory changes are required to promote a more integrated 

approach. 

 Promoting Waste as a Resource: Maximizing the benefits from wastewater by employing 

innovative technologies, condominial sewage systems, wetlands, and decentralized 

wastewater treatment in which water, energy, biogas and nutrients are reclaimed from 

waste streams and reused locally for productive use, including urban agriculture. 

Wastewater should not be wasted water! 

 Integrated flood management: strengthening the resilience to climate change related 

extreme events and conducting vulnerability assessments. 

 Low cost, high impact solutions: Systems do not have to be pricey to be effective, as proven 

by many examples around the world. Many low cost solutions are highly effective and may 

be used in urban environment 

 

In recent decades, hydrological science and technology have made substantial progress and 

significant contributions have been made by field hydrologists to the development and management 

of water resources. So as to facilitate the sharing of hydrological practices among the National 

Hydrological Services, a technology transfer system known as the Hydrological Operational 

Multipurpose System (HOMS) was developed by World Meteorological Organization (WMO) and has 

been in operation since 1981. It offers a simple but effective means of disseminating information on 

a wide range of proven techniques for the use of hydrologists. HOMS transfers hydrological 
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technology in the form of separate components. These components can take any form, such as a set 

of drawings for the construction of hydrological equipment, reports describing a wide variety of 

hydrological procedures and computer programs covering the processing and storage of hydrological 

data, as well as modelling and analysis of the processed data. To date, over 180 components have 

been made available, each operationally used by their originators, thus ensuring that every 

component serves its purpose and has been proved in practice. These descriptions appear in the 

HOMS Reference Manual (HRM)25. 

7.3.1. Prevention 

One way to identify suitable BMPs for water quality improvement is to describe the target storm 

water pollutant(s) to be removed. Pollutant particle size grading is a useful description of the 

pollutant characteristics. For instance, gross pollutants are often described as particulates larger 

than 5mm (or 5000 microns) while soluble pollutants are described as particles smaller than 0.45 

microns. Classifying storm water pollutants this way allows different pollutant types to be matched 

to BMPs that maximise their removal.  

7.3.2. Source Control 

The management of storm water runoff in conventional urban developments has been driven by an 

attitude that reflects the view that storm water runoff has no value as a useful resource, is 

environmentally benign and adds little to the amenity (aesthetic, recreation, education, etc) of an 

urban environment. Consequently, conventional urban storm water management has focused on 

providing highly efficient drainage systems to rapidly collect and remove storm water runoff using a 

combination of underground pipes and linear “engineered” overland flow paths (often located along 

the back fence line of properties to keep them out of sight). These systems kept storm water runoff 

“out of sight” and consequently “out of mind”. The increased rates of storm water runoff associated 

with conventional urban development coupled with a dramatic increase in storm water runoff 

volume and associated contaminants such as litter, sediments, heavy metals and nutrients has 

caused significant degradation of the natural environments. 

As part of an emerging new paradigm in urban management, the treatment of storm water runoff is 

no longer considered in isolation to the broader planning and design of the contributing urban area. 

                                                           

 

25 http://www.wmo.int/pages/prog/hwrp/homs/ homs_en.html 



Master Plan for Rawalpindi WASA 
Study B – August 2015 

  BB 

 

Storm water management is considered at all stages of the urban planning and design process to 

ensure that site planning, architecture, landscape architecture and engineering infrastructure is 

provided in a manner that supports the improvement of storm water quality and the management 

of storm water as a valuable resource. Similarly, the storm water treatment system are adapted to 

the requirements of each of the other urban infrastructure elements in order for the “whole” 

package to function as an ecologically, socially, and economically sustainable urban system. 

The success of WSUD as an urban planning and design paradigm will rest largely on the ability of the 

urban design industry to provide engaging and informative landscape design solutions within the 

public realm. The use of innovative landscape elements that show the connectivity between human 

activity and the urban water streams are increasingly recognised as having a powerful influence on 

the consciousness of individuals and recognition of their role and responsibility in the protection and 

enhancement of our natural water resources. By contrast, there is a distinct lack of visual 

connectivity between human activity, urban water streams, and receiving natural waterways with 

the conventional “piped” storm water system. Thus within the conventional urban setting it is 

difficult for individuals to see, and indeed understand, the impact of their actions on the 

sustainability of our natural water resources. Cooperative collaboration between the urban design 

professions can achieve “smarter” and more sustainable urban areas where urban landscapes 

engage, inform, and influence human behaviour for the benefit of the natural environment and the 

improvement of the social fabric. The following sections present the outcome of recent 

collaborations between the urban design professions in integration of storm water treatment 

measures into the built form. 

Two of the most common storm water treatment technologies that can be readily integrated into 

urban design are constructed wetlands and bio retention systems. 

Constructed Wetlands The use of constructed wetlands for urban storm water quality improvement 

is widely adopted in many Australian cities. Research and on-going refinement to practice have 

provided a sounder basis for sizing constructed wetlands for storm water management and for its 

integration into landscape design  

Bio retention Systems Recent adaptations of swale systems for storm water quality treatment are 

directed at promoting a higher degree of storm water treatment by facilitating infiltration of storm 

water through a prescribed soil media. These systems are referred to as bio retention systems where 

a trench, filled with a “prescribed” soil of known hydraulic conductivity, is used to filter storm water. 
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Vegetation is a crucial component of bio retention systems. Plants roots support a wide range of 

micro biota (particularly bacteria and fungi) and influence characteristics of the media for several 

millimetres around the root (the rhizosphere) and they can significantly increase the physical 

trapping and biological uptake of nutrients and water by plants. Plant growth also plays an 

important role in maintaining the structure and hydraulic conductivity of the media. Their growth 

and death cycle results in macro-pore formation and maintenance, an important function in 

prevention of clogging of the soil media. 

Recent research and monitoring of field applications have demonstrated that they present an 

effective “soft-technology” for removal of urban storm water pollutants (Davis et al., 2001, Lloyd et 

al., 2001, Kim et al., 2003). When designed with appropriate soil media and planting, these systems 

have long-term capacities to assimilate heavy metals washed off urban catchments 

7.3.3. Site Control 

Recent research into storm water treatment technology has been able to confirm the scalability of 

storm water treatment technologies such as constructed wetlands and bio retention systems for 

application in small confined areas. Through close collaboration with landscape architects and urban 

designers, it has been possible to incorporate many of these technologies into the urban form at a 

range of spatial scales. 

Harvesting of roof storm water runoff can be integrated with building design. This runoff could be 

treated with bio retention or constructed wetland systems laid out in a roof-garden and delivered to 

architecturally-designed rainwater tanks that are incorporated into individual apartments for toilet 

flushing. Contrary to many misconceptions of roof top gardens, the entire roof space does not need 

to be fitted with storm water treatment measures. Often, the vegetated treatment areas (eg. bio 

retention systems and constructed wetlands) need only to take-up 2% to 5% of the roof area to 

adequately treat storm water runoff. A schematic of a building project where roof water is to be 

treated in a roof garden and stored in architecturally designed storage tanks within individual 

apartments for reuse in the hot water system. 

Public building forecourts and local streetscapes represent the connecting pathways between the 

buildings where we live and work and the areas of sub-regional and regional public open space 

where we interact and recreate at a local and regional community scale. In terms of storm water 

runoff generation, public building forecourts and local streetscapes represent public realm areas 

located closest to the source of most urban storm water runoff (i.e. from impervious surfaces 

associated with buildings and road pavements). Integration of storm water management 
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functionality within landscape elements associated with public building forecourts and local 

streetscapes allows for a number of key WSUD best management practices to be satisfied, namely: 

collection and treatment of storm water runoff at its source; first use of storm water runoff for 

watering the landscape; and visual connectivity between the built form and the urban storm water 

stream. 

7.3.4. Management of Runoff 

Precinct scale public open space areas provide an opportunity to integrate storm water collection, 

treatment and storage/re-use facilities within the overall landscape design of these areas. With 

competing uses for these spaces the scale and landscape form of the storm water management 

systems needs to carefully consider the other uses of the park and their potential interaction with 

the storm water management systems. Issues of public safety and aesthetic amenity are important 

design considerations requiring site analysis to determine site usage patterns, journeys, site lines, 

and existing landscape character in order to ensure an appropriate landscape form.  

Opportunities for the innovative integration of storm water management functions within 

contemporary urban landscape designs at a range of scales within the public realm and private 

buildings were presented in this paper. A shift towards “at source” storm water management 

systems will further advance the development of innovative on-site, streetscape and precinct scale 

landscapes incorporating storm water management functionality 

7.4. Groundwater Recharge 
This study aimed at improved ground water recharge in the study area. It was estimated in the study 

that there is a huge potential of groundwater exploitation and proper recharge management. The 

groundwater modelling results combined with data analysis and validation exercises, revealed that 

all water demands can be met with the groundwater in the study area, if natural recharge zones are 

properly protected and urban recharge is systematically managed.  

All natural water courses and water ways in the area offer excellent storm water collection systems 

provided by the nature. Most of these stream/water courses can turn into managed recharge 

systems because there is already sufficient rainwater and storm runoff.  It is estimated that the 

aquifer can store more than 3000 million cubic meter of water within its top 200 m. This capacity, if 

fully exploited, can provide resilience against long droughts, as 3000 million cubic meter of water is 

enough to meet over seven years of water demand. 
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The study has followed the principles of urban storm water management and recommends that 

rainwater harvesting and managed recharge be planned and implemented at all scales, i.e., 

domestic, municipal and regional. 

Groundwater modelling exercise will be used to fine tune the areas which are most ideal and 

suitable for building infrastructure for managed recharge to groundwater. 

7.4.1. Historical Preview 

Significant interest developed during the 1930s, particularly in California and New York, in the use of 

artificial recharge to conserve or enhance ground-water storage. In California, artificial recharge of 

alluvial aquifers with storm runoff by use of spreading basins began about the turn of the century, 

and was a widespread practice by the 1930s. However, I found no record of USGS involvement in 

related studies during that period. In New York, water levels in a significant area of western Long 

Island had been drawn down below sea level by the early 1930's due to ground-water pumpage, 

much of it for air conditioning. The cool ground water was used to cool air in heat exchangers, and 

then often discharged to waste. Legislation passed in 1933 required that ground water pumped for 

air conditioning be recharged, either by well injection or through spreading basins. Hydrologic and 

temperature effects of this recharge were analyzed by Leggette and Brashears (1938), and by 

Brashears (1941, 1946). Artificial recharge to conserve water was also practiced in several 

municipalities in northern New Jersey, as described by Barksdale and DeBuchananne (1946) 26. 

In the late 1960s, separate considerations led to greatly increased interest in artificial recharge in the 

States of California, Texas, and New York, all of which heavily involved the USGS in artificial recharge 

studies. The California Water Plan was approved to import several million acre feet of water from 

northern to southern California each year, with the plan that much of the imported water be stored 

in the subsurface through artificial recharge. 
Artificial recharge of storm runoff by use of spreading basins has been practiced on Long Island since 

the 1930s. Aronson and Seaburn (1974) evaluated the performance of the 2,124 spreading basins in 

existence on Long Island in 1969. Seaburn (1970) and Prill and Aaronson (1973) conducted detailed 

studies of the operations of three of these basins. Aronson et al. (1979) conducted a study to 

determine whether existing spreading basins for storm water recharge could serve the dual purpose 

                                                           

 

26 See bibliographical notes 
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of recharging treated sewage effluent. Prill et al. (1979) also constructed a spreading basin at the site 

of a water treatment plant in central Long Island for additional recharge experiments.  

This short historical review suggests that artificial recharge of aquifers is not a new idea. The 

techniques and BMPs for artificial recharge have evolved over time and can be implemented in 

RWASA jurisdiction. 

7.4.2. Some Examples of Artificial Recharge  

Some examples of artificial recharge are given below to make the readers become aware of the 

practices of artificial recharge. 

Dayton, Ohio, USA 

Dayton, Ohio, is heavily dependent upon ground water to meet municipal and industrial water-

supply needs. Nearly one-fourth of all ground water used in Ohio is withdrawn from wells completed 

in a sole-source sand and gravel aquifer that underlies the Dayton metropolitan area. Much of the 

water is pumped from a 30- to 75-foot thick shallow aquifer that underlies the Mad River Valley. To 

ensure that ground-water levels are maintained high enough to allow for large drawdowns by high-

capacity wells, an artificial recharge system has been in place since the 1930's. The source of 

recharge is stream flow diverted from the Mad River into a series of interconnected infiltration 

ditches and lagoons that occupy about 20 acres on Rohrers Island. 

 

Figure 29 High-capacity turbine pump installed on a municipal well at Rohrers Island. Recharge 
lagoon in background 

 

Orlando, Florida, USA 



Master Plan for Rawalpindi WASA 
Study B – August 2015 

  BB 

 

Large volumes of reclaimed water, which has undergone advanced secondary treatment, are reused 

through land-based applications in a 40-square-mile area near Orlando, Florida. These applications 

include citrus crop irrigation and artificial recharge to the surficial aquifer through rapid infiltration 

basins. 

 

Figure 30 Rapid infiltration basins of Water Conserv II facility, Orlando, Florida 
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