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Abstract Rawalpindi city, having population of 1.6 milliogenerates approximately 70 MG of wastewater
daily. Presently only 35 % of the total wastewasebeing collected by RWASA and the remaining 65%he
wastewater is being diposed off into open draias thtimately drains off into Nalluh Lai. Due toetlyeological
sub soil conditions of the sub-surface strata, evaater (0.545 million fiday) flowing in Nullah Lai (main
recharge source) easily gets into fissured bedsrackl transport associated contaminants throughrflgs into
deep aquifer, causing ground water contaminatiorer@xtraction of ground water is exposing upperifeq,
which allows contaminant transport associated wiidistewater flowing in open drains and Nullahs and
ultimately causing ground water contamination. Ré@malysis of 220 tube wells has revealed that 50%e
tube wells are producing bacteriological contan@davater against 33% in the year 2003. Hence détziled
situational analysis, the only viable solution totpct the ground water source of Rawalpindi isntaation of
subsoil seepage and infiltration of contaminatedew&om Lai Nullah and other streams by propeintinof
secondary streams and constructing a box chantetcapting the dry weather flow (mainly sewage wate
which will act as a dry weather sewer for safe désph of sewage generated from Rawalpindi and |dbacha
Comprehensive mitigation strategies have been stegen this paper, their implementation would dgigery
positive results, both managing the wastewaterpaatécting the ground water from contamination.
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infiltration, ground water, geological, mitigation,

INTRODUCTION

1. Rawalpindi — a Mega City is Country’s forth largest cityhwihe population of 2.1
Million. In the year 1998, Water and Sanitation Agency (WASAswestablished under the
Government of Punjab, Development of big cities act to meetrdafeirements of rapid
growing population. RWASA is providing water and sanitation sesvito 1.6 Million
population which is spread over an area of 35 sgkm. Pakistan kas bbessed with
abundance of availability of surface and ground water resour¢ke tune of 128300 million
m? and 50579 million fper year respectively (The Pakistan National Conservatiates,
1992). In spite of this naturally resource enrichment, per capati@er availability has
decreased from 5600 to 1000 cum per annum (Water Quality Status, 2003)

2. Beside this appreciable decrease in water availattigéyquality of both the sources
has crossed the acceptable limits for drinking water. Botle stadl non-state actors have
overwhelmingly detoriated the water quality due to indiscriminats extraction of ground
water complemented with polluted recharge sources like Nulialnkh other wastewater
streams. At the moment the northern part of the country hasbiatcontamination of 64 %
(Diagnostic Survey, PCRWR, 2007). Central part of the countryblodls chemical and
microbial contamination. River Ravi and Chenab receives industastewater of textile,
leather and light engineering industries more than 1000 MGD, from bdit &nd Pakistan.



This phenomenon is not only polluting surface water but also contamirgangd water
aquifer, which is flowing towards southern areas during rechargeeggoclhe most
prominent contaminants comprises of 50,000 thousands dyes (heavy amdalsace
elements), chromium, fluorides, iron which have not only pollutedsurface water but has
also contaminated potential ground water resources (Major so@irden&ing water in
Pakistan). In addition to the above mentioned contaminants, tiw@lcand southern part of
the country is also experiencing prevalence of heavy concentratiarseriic ground water
contamination ranging up to 1100 ppb (PCRWR, 2003)

3. In Rawalpindi (Twin City of Federal Capital, Islamaba@)jes mainly on ground
water which is being exploited by more than 240 tube wells. Out of Bseube wells, 72
were producing biologically contaminated water (RWASA Waterityuadport, 2003) which
is on the increase. The main reason of this contamination iargecmechanism of Nullah
Lai and Korang River which carries the wastewater of 0.5dlobmm?/day of twin cities of
Islamabad and Rawalpindi.

4, This paper focuses on issues, challenges posed by poor wasteveatagement
practices and mitigation strategies to address the fasetaplground water aquifer with
remedial measures to minimize bacterial contamination.

METHODOLOGY

5. Following modus operandi was adopted to conduct this study.
a. Situational analysis of existing wastewater planning and geanant practices
b. Analysis of water and wastewater samples from WASA own Lagra
c. Literature Review of secondary data sources
d. Field surveys and investigations through own resources

RESULTS
6. The present study has revealed the following statistics;
a. Existing wastewater management practices

The existing sewerage system of the city covers only 308%%/ population of the
city which was mostly inactive prior to year 2001. The systensisted of four parts
as briefly described below:

1) The Satellite Town sewerage was laid in the fifties ambists of about 53
km length with sewer size varying from 6 inch to 18 intlliameter.

2) The city sewerage system covers the central area aitthbetween Murree
Road and Lai Nullah, with sewer size ranging from 9 inch to 48 inch i
diameter. Only 30 % of the central city area is served wiith sewerage
system.

3) Khayaban-e-Sirsyed sewerage system consists of pipeagamysize from 6
to 15 inch with final disposal into Lai Nullah. The total lengthhi$ sewerage
system is about 27 km.

4) The Kassi sewerage system covers a part of satelite &nd some areas
lying on the western and eastern sides of Murree Road.rlihke sewer 72
inches diameter discharges into the lai Nullah near MotieMarhis system
was also constructed in the fifties.



The layout plan of wastewater collection and disposal systemvialBiadi is shown
in figure 6.1, below.

Figure 6.1 Wastewater collection system of Rawalpindi — WASAesved area

7. Remaining 65% of the city where no sewerage system akistbarges raw sewage
into street-side drains and storm water drains which ultijmaistharges into Lai Nullah —
the main natural drainage channel passing through the city, thusing alarming
environmental hazards for the residents of Rawalpindi. Lai Nullso carries a large
guantity of untreated and a partially treated sewage fstambbad and cantonment area.

ISSUES AND CHALLENGES

Wastewater
8. The main problems associated with poor wastewater maeagane:

a) Limited coverage of piped sewerage in the city. About 70% of the aibgul
in the WASA served area is still without proper seweragéesyswhich
consists of low income and poor communities. Raw sewage is being
discharged into side drains/nullahs.

b) Over flowing of sewage in and around streets due to undersize existing
sewerage lines i.e., some of the sewerage schemgdetedhin the past in
high income areas of the city, including satellite town and Kiaryae-
Sirsyed.

c) Technically and Hydraulically ill planned sewerage network tvitias been
laid hand in glove with water supply lines (Figure 8.1).

d) Frequent choking & overflowing / mixing with drinking water lines.

e) Damaged sewer lines/appurtenances.

f) Encroachments on Sewers resulting in-accessibility for cleardangd
maintenance.



Fig. 8.1 Hand in gloves laying of drinking water distrilrt pipe lines with sewerage drains.

Solid waste

9. Another factor contributing towards poor management of wasteinadawalpindi is
the solid waste. The solid waste management is the respiysiddi City District
Government, which is suffering from a number of operational arshdial problems. Only
60% of the waste generated is being collected and less than §08seti off (which is too in
unhygienic way). This situation is expected to worsen with theasing population. Due to
improper institutional setup and lack of transparency of functionscanulols, city district
sanitary workers often evade their duties. Efforts have beele mathe past by city district
government for improvement of the SWM system but owing todimoins of unwilling staff,
financial and technical resources, and managerial skilig,|lite has been achieved.

10. Garbage continues to be thrown into open storm water drains (nuillassis) and
found lying in heaps, without adequate arrangement for its colfetinsport and disposal.
Due to inadequate SWM mechanism, the problems such as, blockéigénsfand sewers are
common, especially in the inner city area. In addition, thegmee of un collected waste
attracts flies and rodents and pollutes the environment, resuttigiseases, unhygienic
conditions.

Water Quality Issues
11. The major cause of bacterial contamination of ground watdudasto Nullah Lai

which carries 120 MGD wastewater of twin cities of Islantahad Rawalpindi. Figure- 11.1
shows the Recharge mechanism through wastewater drains;
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Fig. 11.1 Contaminated ground water recharge sources in Rawaili

With this recharge mechanism, the contamination level badbwace and at consumer’s end
has increased beyond the acceptable limits. Figure- 11.2, b&hhows the trend in increase
of contaminations;
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Fig. 11.2 Comparison between bacterial contamination- source wensumer’s ends

12.  All the tube wells installed near Nallah Lai, as showfigare- 11.2, are producing
contaminated water. The details of water quality are shouweabie- 12.1, below;



Table 12.1  Latest Water Quality Report - 15 Tube Wells aroundNullah Lai
Location Faecal Coliform | - Hardness Conductance Ca | TDS| CI
Count as CaCQ
A. Nagar TW 71A 10/100ml 352 1800 94 522 5
D. Mangtal TW84- 150/200ml 510 955 136 469  p7
D.Mangtal TW83 36/100ml 510 1112 13p 502 P4
D. Hassu TW 88 35/100ml 510 1210 122 429 PR3
R.Amral TW 74-B 29/100ml 412 879 11% 511 47
DMangtalTW85-A 45/100ml 512 1250 136 422 19
D. Hassu TW 89 155/100ml 480 1125 116 524 |23
H. Colony TW 81 22/100ml 280 1436 93 709 29
H.Colony TW 81A 200/100ml 284 1138 9( 750 23
H. Colony TW 82 25/100ml 282 1554 92 781 1
R. Amral TW 74 44/100ml 334 1462 108 732 }9
L. Bagh TW 59 Nil/200ml 320 1329 104 666 47
D. Ratta TW 76-B 10/100ml 332 1348 108 6715 D7
Chaman TW 60-B 50/100ml 320 926 104 463 19
Arya. M TW 58-A 20/100ml 318 1143 102 570 43

Water Table Depletion

13.

below, which is approximately observed @ of 10 ft per year;
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Ground water depletion statistics in Rawalpindi

Year wise comparison of water table depletion matrixhswvae in figure- 13.1,



Geochemical Investigation

14. Geo-chemical investigation of soil strata of two tube wekse carried out with
energy dispersive X-Ray fluorescence spectrometer (XRF) egquipfhhe logging and XRF
analysis are shown in fig. 14.1 and 14.2 below;

Fig. 14.1 Geo — Chemical analysis of soil strata of Tube well-37 baak of Nallah Lai

Fig. 14.2 Geo — Chemical analysis of soil strata of Tube-2 well baak of Nallah Lai

15. Due to the puncturing of impervious rock from various locationdyahteria can find
easy route to the clear water aquifer, which is causing groundr veaintamination.
Therefore, recent analysis of 220 tube wells has shown thatosli 50 % of the 220 tube
wells have shown bacterial contamination in the year 200hstg28 % contamination in the
year 2003/2004 as shown in figure 11.2 and table 12.1.



MITIGATION STRATEGIES:

Short Term
16. Following short term mitigation measures haeerbtaken which has reduced the water
contamination at source and at consumer’s end.

a. Installation of hypo chlorinators on contaminatebe wells.

b. Re-routing of the distribution lines away from thewerage drains and replacing the

damaged / rusty water pipe lines.
C. Managing the wastewater by constructing nodal systewastewater treatment plants
d. Constant water quality monitoring

Construction of a proper wastewater collectionesyst

17. Short term measures have reduced water cordatiorimat consumer’s end from 46 % to nil in
high risk areas. Figure-17.1 shows nil contamimatae to re-routing / replacement of old, rusty and
leaking water supply pipes.
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Fig-17.1 Re-routing and replacement afrinking water pipe lines - statistics

18. Replacement of undersized sewers in SatelitenTand Khayaban-e-Sirsyed areas.
19. RWASA has also started cleaning of seweragemsyproactively with the help of available
manpower and machinery in high risk and problematias. Moreover, three complaint centres have
been re activated in different areas of Rawalpasdiinder:

a. XEN Field Office Satellite Town

b. Complaint Office (Commercial Market)

c. Complaint Office (Moti Mahal)

d. Complaint Office (Khayaban-e-Sirsyed)
20. Necessary T & P and machinery have been prowatiehese complaint centres for cleaning
of chocked sewer lines. The detail is as under

a. Provision of 4 Mechanical Roding Machines to fistdff in KSS, Moti Mahal and Sattelite
Town



b. Five Mobile, diesel driven dewatering sets whick ar working condition with Operators,
and can be installed in critical locations as ahemrequired.

c. Two jetting machines and 2 sucker machines, alwanking condition and available at any
time.

Proactive Approach - Zero Syndrome Error Concept
21. Forward planning for 15 days for clearance lajked sewerage lines and gutter lines have
also been chalked out for effective redressal ofaints and consumer satisfaction. This practice
has helped WASA to reduce the no. of complaints ¢onsiderable level.
Long Time Mitigation Measures
22. Following long terms mitigation measures hidgen planned:

a. Ground water modelling and preparation of 3-D grbuvater modelling and water

mapping showing water movement with the view tantdg recharge areas / zones.

This objective is be achieved with the assistantce loternational Ground water
Assessment Centre(IGRAC)- Nederland’s.

b. Switching over from ground water to surface waterthis regard a new dam ( 15
MGD) has
been planned which reduce relianceidenably on ground water.
C. Concrete Lining of Nallah Lai to stop seepage ofsteaater. The recommended

design is as shown in fig-22.1

Figure 22.1Plan View and Cross section - Concrete Lining ofi&dh Lai (Wastewater Drain



d. Laying of trunk sewers for collection and disglosf wastewater. The Proposed
layout of trunk sewer system is shown below in ffiggl22.2

Figure- 22.2: Proposed wastewater collection plarmtough truck sewers.

e. Construction of wastewater treatment plant opacdy 60 MGD to manage
wastewater.

DISCUSSION
23. During the course of study /research, following areas efesit have emerged which
requires immediate attention with scientific remedial snees;

a. There is no prudent wastewater collection and treatment systeto giech the
problem of disposal of wastewater will increase manifolds inuréut
Mismanagement of wastewater is a potent threat to drinkingrwatstem.
Therefore, there is a dire need of construction of wastewa&ment plants in
order to achieve water efficiency — reuse of wastewaler,t@ protect drinking
water resources.

b. The rate of extraction of ground water (120 MGD) is much more than
recharge. Virtually there is no planned recharge mechanighace, therefore, the
aquifer depletion rate is about 10 feet/year. Hence, dues@tinomenon, there
can be a big environmental disaster in the city of Rawalpinitieérdays to come.
Therefore, ground water modeling has become need of the hour faficdéion
of the recharge areas. There is an immediate requiteshe€onstruction of delay
action dams/recharge reservoirs in the catchment areas.

c. Over extraction of ground water has also exposed the upper atiuifercausing
bacterial contamination at a faster rate. About 50% tube well progucing
contaminated water verses 33% in 2003.

d. Mis-managed, un-regulated and un-treated domestic wastewatendlin open
drains seeps through the fissured sub soil strata which is alsof dhe major
cause of ground water bacterial contamination.



e. Geo-chemical analysis of soil strata has shown some taichsavy metals,
which may be polluting ground water chemically as well.

f. Nullah Lai is the main source of bacterial contaminationalashe tube wells
installed near the Nullah bank are producing contaminated.water

CONCLUSION

24, The present deteriorated situation due to mismanagementtefwates has converted
into a crisis situation. This warrants immediate remedesures with the involvement of all
the stakeholders at National Level. Over extraction of grousténhas caused fast depletion
of aquifer which has raised alarming levels of bacterial asomation. The present
wastewater collection ratio is only 35 %, the remaining wiadbeing disposed off in to open
drains that ultimately end up in Nalla Lai. Being one of the m&oharge sources of ground
water in Rawalpindi, the Lai water is contaminating ground maitéaster rate as compared
to the other parts of the country due to the geological and subosaiitions in the potohar
region. The concrete lining of Nullah Lai will reduce the baatecontamination
considerably. As an ultimate solution one has to provide the cRawflpindi with a proper
and adequate wastewater collection system capable of hatiddirgtire waste that is being
generated from the city presently and also in coming days. Shertdd be a state of the art
Waste Water Treatment Plant in Rawalpindi city to proteetriatural streams for direct
wastewater contamination. The existing solid waste managemetices are not
satisfactory and are causing environmental problems. It ieftrer recommended that a
comprehensive solid waste management system be adopted ovithigaring of state of the
art sanitary land fill site.
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ABBREVIATIONS AND ACRONYMS

a. MGD: Million Gallons per Day.

b. ppb parts per billion.

c. TMA Tehsil Municipal Administration

d. PRCC Pre -stressed Reinforced Cement Concrete
e. TW Tube Well

d. nt Meter Cube

e. PCRWR Pakistan Council of Research in Water lRress



