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SUMMARY 

Scavenger well design criteria have been derived from the extensive field investigations 
and modelling studies conducted during the ODA funded Scavenger Well Studies and pilot 
Project in the Sindh Province of Pakistan. The design of the scavenger wells is complicated 
by their dual purpose; firstly to intercept seepage from irrigation canals, secondly to recover 
fresh water from thin fresh water lenses. Empirical formulae, which relate the optimum fresh 
water recovery to hydrogeological and well construction parameters, were derived from model 
simulations as an aid to the design process. 

Around 400 scavenger wells are being constructed as part of the Left Bank Outfall Drain 
Project. Nominal yields are 34, 42 or 68 1/s, the largest size predominating. Individual wells 
are sited taking into account estimated canal seepage losses, disposal facilities for saline 
effluent, connections to the irrigation system for the fresh water, and depth to the fresh/salin~ 
interface as predicted from surface geophysics. A schedule of adjustments to the ratio 0 

discharge ·from upper and lower pumps was derived to accommodate the expected future 
expansion of the fresh water lenses. Different pump arrangements and discharge con tr<;> 1 

mechanisms were evaluated to allow for ease of operation, maintenance and periodiC 
adjustment. 

1. INTRODUCTION 

The feasibility of exploiting fresh groundwater lenses which overlie bodies of saline water 
is influenced by a variety of factors, which include: 

the characteristics of the aquifer system; 
the thickness of the fresh water lens; 
replenishment of the fresh water, and 
the technology used for exploitation of the fresh water lens; 
disposal options for co-produced effluent. 

The traditional method of exploitation is the use of skimming wells, which are boretl ol~S 
fitted with a single pump. The success of this method cannot always be guaranteed if ~ e 
thickness of the fresh water lens is limited. Particularly with high abstraction rates, upco ~ 1~g 
of saline water may cause considerable pollution of the abstracted groundwater and event tJ a Y 
render it useless for either potable or agricultural use. 

A relatively new concept of exploitation of fresh water lenses of limited thickness i t~e 
use of scavenger wells. These are boreholes fitted with two pumps, as illustrated schemati ~ al ~ 
in Figure 1. One pump has its intake in the upper section of the borehole and abstracts £res d 
water, while the intake of the second pump is set near the bottom of the borehole. These on f 
pump discharges a mixture of some fresh and all the saline water. By appropriate setti Cli' g 0 

the discharge rates of the two pumps, the continuous discharge of fresh water from the ~ pper 
pump can be maintained. 
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Figure 1 Methods of Fresh Water Recovery 

In the Sindh Province of Pakistan fresh water lenses are associated with major irrigation 
canals. Seepage of fresh water from these canals has caused the historical development of the 
lenses. Four pilot scavenger wells were installed and operated in Pakistan during the ODA 
funded Scavenger Well Studies and Pilot Project (SWSPP), a component of the US$750m Left 
Bank Outfall Drain (LBOD) Project. The SWSPP was carried out by Groundwater 
Development Consultants Limited (a wholly owned subsidiary of the Matt MacDonald Group) 
in association with the British Geological Survey. Four wells were installed during 1987 and 
1988, and these are still operating. Moreover, the first phase of the LBOD programme for the 
installation of around 400 scavenger wells is now being implemented by the Water and Power 
Development Authority of Pakistan with the assistance of the LBOD Consultants. 

The overall objective of the SWSPP was to demonstrate the practicality of using scavenger 
wells in the Lower Indus Valley, and to develop realistic design and operation criteria for 
implementation under the LBOD Project. Earlier planning studies [4) and LBOD Project 
Preparation [5) had concluded that fresh water lens thickness was insufficient to support 
skimming wells anywhere within the LBOD area. Furthermore much of the canal seepage 
would be pumped into the drainage disposal system from standard saline tubewells since fresh 
water lens thickness would often be inadequate to support even scavenger wells. Economic 
analyses indicated that the increase in cost for developing scavenger wells rather than saline 
seepage wells would be justified by the increased irrigation benefit from the fresh water 
recovered. Some 850 scavenger wells were initially planned [5) out of a total of around 2240 
LBOD tubewells although these numbers were later revised to 383 and 2040 respectively [3). 

The practicality of using scavenger wells was tested with the use of computer models and 
through field studies at the four pilot scavenger well sites. The model simulations led to the 
development of design criteria which were validated against the findings of the field 
investigations. The achieved rates of fresh water recovery at the four test sites are shown in 
Table 1, together with those derived from the model derived design criteria. 
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Pilot Well Aquifer Depth to Design Fresh to Saline RecoverY 
Thickness Saline Discharge Ratio 

Interface Rate --(m) (m) (1/s) Observed Simula~ 

PSWlA 64 35.1 42 60/40 60/40--

PSW2 >65 25.9 28 35/65 35/6:---

PSW3 63 39.0 42 70/30 63/3'7_---

PSW4C 65 45.7 57 75/25 75!25 

TABLE 1 Recovery ratios at pilot scavenger well sites 

ldstan. 
Five parallel papers have been prepared related to scavenger well development in P.a t well 

the others covering the historic development of the concepts, field investigations and ptlO 
development, and simulation modelling. 

2. ESTABLISHMENT OF DESIGN AND PLANNING CRITERIA 

2.1 General 
--- se of 

The design criteria for scavenger wells are 'somewhat complicated by the dual p1.1rP~0 the 
the wells. The primary objective of the LBOD Project is to provide adequate drainage 10sses 
Project Area, with one of the drainage components being the interception of seepag.e stlY to 
from major irrigation canals. The purpose of the scavenger wells is therefore f:tf!' 

0
ro the 

intercept canal seepage, and, secondly, to allow for maximum recovery of fresh water r 
wells. 

00 the 
The design criteria for the ongoing scavenger wells were based, to a major exter:t t: r:t mind 

findings of computer model studies conducted during the SWSPP. It should be borr:t :, er, the 
that the design criteria presented in this paper are specific to the LBOD area. HoWe similar 
basic concepts of design criteria development are thought to be applicable to ar:t Y 
alluvial aquifers. 

t-t water 
Two types of model were selected for the simulation studies, one appropriate to fr&=>' -vicinity 

lens behaviour on a sub-regional scale, and the other to detailed lens behaviour in tn e 
of a scavenger well. 

concept 
The sub-regional scale model, referred to hereafter as SIMFEM, was based on tt"t e :a sharp 

that the fresh and saline water are immiscible fluids of differing density separated 0 stified 
interface. The observed thin transition zone between the fresh and saline water zone" 
the choice of a sharp interface model for sub-regional lens simulation. 

~:csionof 
SIMFEM is based on the finite element method and is an adapted and enhanced '""'tion of 

model BV-13.2 by Bear and Verruijt, (1]. Additional features include the comP ~ porative 
seepage from major irrigation canals, and the simulation of capillary flux and e -J 

losses from a shallow water table. 
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For simulation of conditions in the vicinity of a scavenger well the assumption of a sharp 
interface is no longer valid. Dispersion and vertical flow components within the aquifer affect 
the thickness of the transition zone between the fresh and saline water and consequently affect 
the amount of fresh water that can be abstracted from the well. The model selected for 
simulation of near-well conditions is SUTRA [6]. developed by the United States Geological 
Survey and adapted to suit the requirements of the studies. 

The results of the models indicated that fresh water recovery is dependent upon only a 
limited number of key parameters. These include: 

The initial depth, from the top of the aquifer, to the fresh/saline water interface, which is 
defined as the mid-point of the transition zone between the fresh and saline water bodies. 

The effective thickness of the aquifer, which was mainly controlled by the occurrence of 
low permeable layers at a depth of about 60 to 70 m. Modelling showed that a contrast in 
vertical permeability of 10 to 1 was sufficient for the top of the low permeability layer to 
form an effective aquifer base. 

The length of the well screen, which is related to the discharge capacity of the well. 

The depth to the top of the well screen measured from the top of the aquifer. 

The anisotropy ratio of the aquifer, thought to be between 5 and 30 in the LBOD area. 

The thickness of the transition zone at the well screen during scavenger well operation. 
This thickness is mainly controlled by the transverse dispersivity of the aquifer medium, 
and was found, from both field monitoring and model simulation, to range from about 4 
to 6 m. 

Tht:> maximum fresh water recovery ratio, defined as tht:> ratio of fresh water discharge to 
total well discharge, could be expressed in an empirical form as follows: 

where 

Q~=RATIO+C*(DINT-SRP)-0.5*DZ 
Ot LS 

(I) 

RATIO=O.Dl*(a*AOTHI+b)*DINT 

SRP=WTOP+DINT*LS/AQTHI 

(2) 

(3) 

( 

J( )-0.42 
c= (1-RATIO) I [67 * ___!! J 

Kv 
(4) 

Own 
Ot 

AQTHI 
DINT 

WTOP 

DZ 
LS 

a and b 

maximum ratio of fresh water abstraction to total abstraction 
from the scavenger well (ie maximum recovery ratio) 
effective aquifer thickness 
depth to the midpoint of the transition zone which separates 
the fresh and saline water bodies 
depth to the top of the well screen from the top of the 
saturated aquifer 
thickness of transition zone between fresh and saline water 
length of the well screen 

empirical constants derived from model simulations 
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defined in equation (3) as the distance of a so-called screen 
reference point from the top of the saturated aquifer. The 
position of the screen reference point on the well screen is 
independent of the screen setting within the aquifer 
correction factor, which is a function of initial fresh water 
lens thickness, effective aquifer thickness and anisotropy 
ratio, derived from model simulations 
anisotropy ratio 

It should be borne in mind that tl)e derivation of the above relationships is controlled by 
a number of basic assumptions relating to the aquifer system. Firstly, it is assumed that the 
aquifer is uniformly anisotropic, and secondly, that the rate of inflow through the well screen 
is uniformly distributed. Furthermore, the flow towards the well is assumed to be radially 
symmetrical in its vicinity (ie up to a distance of 200 m). 

These relationships are shown on the definition sketch in Figure 2. The maximum fresh 
water recovery ratio in Equation 1 comprises several component terms that each have a 
relatively simple conceptual background as follows: 

The SRP divides the screen in the proportion of fresh to saline aquifer. SIMFEM results 
show that the predicted position of a sharp interface on the screen deviated only slightly 
from the SRP and is given by RATIO. 

A second adjustment to the predicted interface position is given by the term c*(DINT -SRP). 
This is a correction based on SUTRA results and accounts for anisotropy which always 
provides an improvement in maximum recovery ratio providing the SRP is above the initial 
saline interface. 

The third term is a reduction in maximum recovery ratio brought about by the need to avoid 
drawing water from within the transition zone towards the upper pump thus rendering it 
unfit for irrigation. 

The scavenger well design process is illustrated in Figure 3. It has two starting points 
related to the dual objectives of the wells, which are described in Sections 2.2 and 2.3. 

2.2 Interception of Canal Seepage and Wellfield Planning 

Successful interception of canal seepage, the first objective, requires careful positioning 
of the wells with respect to the irrigation canal. The position of the wells and their capacity 
are controlled by the requirements to maximise the interception of canal seepage, but to 
minimise additional seepage induced by well abstraction. 

Well spacing and distance from the canal are controlled by the rate of canal seepage, thee 
discharge capacity of the well and the operating factor. The latter determines the number of 
hours of operation of the well during a day. Canal seepage had been studied in great detail 
during the Lower Indus Project [4] and these results were adopted where canal capacity had no~ 
been altered since. Model simulation indicated that distances of the well from the centre line 
of the canal should be in excess of 300 m, for wells of discharge capacity in the range of 1 to 
2 cusec (28.5 to 57 1/s). Also the well spacing should be not more than three times the distance 
from the canal. Larger well spacing would result in a reduction of the effectiveness o C 
interception of canal seepage. 
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FRESH WATER RECOVERY: 

Isotropic Conditions: 

h§@§@lfi§AM&liiip.]!h* 
a, b - empirical coinstants derived from simulations 

(derived from regional sharp Interface model SIMFEM) 

Anisotropic Conditions: 

Correction Factor : D(Qf/Qt) = c • (DINT- SRP) 

SRP (Screen reference point) = WTOP + DINT' LS/AOTHI 

c = (1 - RATI0)/{67 • (Kh!Kv) } 

Kh/Kv - anisotropy ratio 

(derived from near well simulation modal SUTRA) 

Figure 2 Scavenger Well Design Rules 

The well capacity thus easily follows from: 

where 

well capacity (cusec) 
well spacing (m) 

Qt - total discharge 
Of - maximum fresh water recovery 

Qf!Qt - recovery ratio 

Semi-confining 
layer 

Transition zone 
Aquifer 

Effective base of aquifer 

(5) 

o .. 
ws 
Oco 
F 

rate of canal seepage (cusec/m) 
operating factor or the ratio of number of daily pumping hours 
and number of hours in a day 

Scavenger wells were then targeted at those canal reaches with a drainage requirem?nt 
exceeding 2.2 cusec(38.51/s)/IOOO m. These priority areas were initially investigated dunng 
SWSPP on a number of geoelectric cross sections [2) to identify those with lens development 
sufficient to support 1.0, 1.5 or 2,0,cusec wells. Design well yields were fixed at these 
amounts to maintain compatibility with other LBOD wells. 

Preliminary wellfield schematics were then prepared as part of LBOD implementation. 
Each site was verified by field visits to ensure access for drilling rigs, and a walkover su~vey 
of the fresh and saline disposal systems was carried out. Minor adjustments to target locations 
were made if this reduced interference to watercourses, housing or farm tracks. In addition, 
a vertical electric sounding was made at each adjusted target site to give an indication of the 
depth to interface. This confirmed scavenger viability and also gave a first indication of the 
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OBJECTIVE 1 

Interception of Canal 

Seepage 

Well Spacing 
Distance from canal 
Discharge capacity 
Operating factor 

Canal seepage rate 
Fresh water lens geometry 
Anisotropy ratio 

OBJECTIVE 

Optimum Recovery of 

Fresh Water 

Thickness of transition zone 
at well face during pumping 
Effective aquifer thickness 

Figure 3 Design Objectives and Decisions 
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likely pump requirements at that site. A poor prognosis would result in further geophysical 
work to see if a suitable site existed elsewhere on the cross section and either the offset 
amended or the site converted to a standard saline seepage well. 

Finally each site and saline disposal channel was levelled to the LBOD project benchmark 
datum and detailed saline channel design was undertaken. Any excessive cut or fill was 
avoided by realignment of the channel or resiting of the well in which case the verification and 
geophysical investigation was repeated. 

In conclusion, the wellfield planning and individual well siting required a considerable 
amount of time and effort and constrained the number of variables available at subsequent 
stages to maximise fresh water recovery. 

2.3 Optimisation of Fresh Water Recovery 

If only the second objective is considered, the maximum recovery of fresh water is 
controlled by the effective thickness of the aquifer, the well screen setting within the aquifer, 
the thickness of the transition zone at the well, and the anisotropy of the aquifer. 

The geometry of the fresh water lens, which attains its greatest thickness towards the centre 
line of the canal, favours a well location as near to the canal as possible. 

The two parameters that control the screen setting within the aquifer are the top of the well 
screen relative to the top of the aquifer, and the length of the well screen. The screen reference 
point combines the two parameters, and optimisation of fresh water recovery favours the 
maximising of the distance between the screen reference point and the position of the interface, 
particularly for anisotropic conditions. This in turn favours short screen lengths. 

In contrast, the rate of fresh water recovery is constrained by the thickness of the transition 
zone at the well screen during well operation. The optimisation of fresh water recovery 
obviously minimises the effect of the transition zone if the screen length is at a maximum. The 
optimum well screen is related to the controlling parameters as follows: 

where 

0.5*A*DZ*AQTHI 
(1-RATIO) *DINT 

(6) 

optimum screen length for maximum fresh water recovery 

(
[( )-0.42 

A=6H ___1!. 
[(v 

and other parameters as defined before 

The equation indicates that the optimum screen length is not dependent on its setting within 
the aquifer. Minimising the distance between top of aquifer and top of well screen, however, 
always increases the fresh water recovery. 

Since the design discharge capacity of the well is closely related to the screen length, with 
15 to 20 m per cusec being the norm in the LBOD Project Area, and taking into consideration 
the requirements to satisfy the first objective of the wells, a compromise well design is 
required. 
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The position of the top of the screen is dependent upon the anticipated pumping level in 
the well, which is closely related to design capacity, aquifer properties and well loss 
components. 

The findings of the SWSPP were that in order to satisfy the first objective large capacity 
wells were favoured, while the second objective favoured low capacity wells. 

In practice this compromise is being resolved during the well construction phase. The 
contracts allow for some confirmatory exploration drilling to verify the geophysical 
interpretation bearing in mind that many scavenger wells will not penetrate the saline interface 
themselves. The individual well design may then be varied to take into account the lithology 
encountered. In particular, some wells may be stopped off above clayey layers which impede 
upward movement of saline water rather than using maximum screen length for the design 
discharge which would minimise pumping costs. 

3. SCAVENGER WELL EQUIPMENT AND OPERATION 

3.1 Introduction 

The implications of the implementation of drainage on the regional behaviour of the fresh 
water lenses was evaluated during the SWSPP. The results showed that the lowering of the 
water table in the region will lead to a consequent increase of canal seepage. Scavenger wells 
are designed to intercept canal seepage and although evaporative losses occur adjacent to 
canals, fresh water discharge from the wells is always less than the rate of canal seepage. This 
will lead to an expansion of the fresh water lenses. The design of operating procedures for the 
scavenger wells suggested that adjustment and hence continuous optimisation of fresh water 
recovery would be possible. 

3.2 Pumping Equipment 

The basic requirements for the scavenger well pumping plant are reliability and ease of 
operation and maintenance, and flexibility in terms of discharge/head characteristics. 
Flexibility is required so that near optimum fresh water recovery can be achieved initially, and 
that later adjustments are possible, particularly if the fresh water lens expands. The expected 
rate of lens growth was determined from modelling, and a schedule of adjustments to the ratio 
of discharge from upper and lower pump was derived as shown in Table 2. 

Total Initial pumping ratio Year of adjustment to new ratio 
discharge rate 

50/SO 60/40 70/30 80/20 (1/s) 

30 40/60 5 10 15 >15 

30 50/50 - 5 10 >15 

60 40/60 4 8 15 >15 

60 50/50 - 4 10 >15 

60 60/40 - - 6 >15 

60 70/30 - - - 10 

TABLE 2 Probable adjustment requirements for fresh/saline pumping ratio 
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A number of pump arrangements are possible, although only two systems were eventually 
selected as shown in Figure 4. The first system involves a submersible saline pump (with a 
flexible rising main) in parallel with a lineshaft fresh water pump. A cost comparison of the 
various options available for the fresh water pump was undertaken. The conclusions were that 
lineshaft pumps are generally cheaper, but that the cost disadvantage of submersible pumps 
gradually disappears with high discharges and high recovery ratios. However, in all marginal 
cases the lineshaft option was preferred on practical grounds, because such pumps are locally 
manufactured, and local people have considerable experience in their operation and 
maintenance. 

The second system is a recent development, tested specifically for the SWSPP, where twin 
pumps on a common lineshaft are installed in a single bore scavenger well. This arrangement 
reduces the required diameter of the hole and casing and would permit rehabilitation of existing 
salinised wells. However, a disadvantage of the second system is the limited flexibility of the 
discharge ratio of two pumps operating at the same speed. Consequently, in areas where the 
initial fresh water recovery is low, or not accurately known, such a pump would not have 
sufficient flexibility to achieve optimum operating conditions with reasonable efficiency. 
Therefore this arrangement was proposed only for sites with deep interfaces where fresh water 
recovery ratios are expected to be over 70%. The single shaft system was successfully tested 
at one of the pilot scavenger well sites, but longer operational experience is required for its full 
evaluation. Recent usage (1990-92) has been intermittent due to external factors such as poor 
electrical supply etc. 

3.3 Pump Discharge Control 

The possible methods of controlling discharge to maximise fresh water recovery, while 
maintaining reasonable efficiency (thus avoiding excessive costs), were an important factor in 
the choice of pumping plant. The following options were considered: 

throttling the discharge pipe with a valve or orifice plate; 
speed regulation using gear boxes, belt drive or frequency inverters; 
impeller changes. · 

Impeller changes with some throttling were selected for the LBOD scavenger wells. 
Changes can easily be incorporated into the maintenance programme, no specialist equipment 
or personnel need be imported, and annual adjustments can be ea_sily carried out between 
impeller changes by valve adjustment. Although belt drives are technically and economically 
as viable, experience in Pakistan has shown that maintaining belt tension is difficult in the high 
ambient temperatures of the region. In addition, annual adjustments are required, by replacing 
pulley wheels with the appropriate diameter for the new duty, which may overburden the 
maintenance crews. 

Frequency inverters were used during the SWSPP where a wide range of discharge values 
were needed during testing. It was concluded that although successful in this application the 
cost and complexity was not justified for the main implementation phase. 

3.4 Operation Scheduling 

From the drainage and economic points of views, the ideal mode of operation would be 
continuous pumping. However, power availability is reflected in the grid's tariff structure 
which favours off-peak pumping. Furthermore, irrigation demand is not constant at the 
watercourse and field channel level although this consideration is not relevant where fresh 
water is discharged into larger canals. The LBOD scavenger wells are therefore planned to 
operate for around 14 hours daily. Although fully automatic operation by time switch or, at 
a later stage, through area control is planned, a watchman/openitor will be required at each site. 
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TWO PUMP ARRANGEMENT 
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Figure 4 Scavenger Well Design Alternatives 
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During operation of the 4 pilot wells it was found that the operators and farmers soon 
became adept at regulating the upper pump discharge, if permitted, such that irrigation water 
quality was maintained. The planned operation is therefore based around the following 
features: 

automatic timing mode; 
priority interlocking of pumps so that the upper pump cannot be used unless the lower 
pump is operating. The lower pump may be used irrespective of the status of the upper 
pump; 
some scope for discharge regulation on the upper pump so that fresh water quality can be 
adjusted; 
scope for diversion of fresh water into the saline drainage system whenever some fresh 
water is not required for irrigation use. This allows the watertable control function to be 
met. 

It should be noted that the dominance of the drainage function as well as the degree of 
innovation required both favour public sector ownership and operation although this could 
eventually change. 

4. SCAVENGER WELL IMPLEMENTATION IN THE LBOD AREA 

The first phase of scavenger well implementation is now underway with the commencement 
of Contractor's operation for the construction of around 190 1.5 and 2,0 cusec wells in the 
Nawabshah sub-component area (Figure 5) [2]. The main work items within the contract are 
as follows: 

construction of 30 deep exploration boreholes to verify aquifer conditions, depth to 
interface and interpretation ·of geophysical investigations; 

conversion of 5 of the above to permanent water quality monitoring stations by installation 
of short normal downhole electrical resistivity arrays [2]; 

reverse circulation borehole drilling and supply /installation of glass reinforced plastic well 
components for pump housing, well screen and blank lower well casing as needed. In a 
few cases the lower sections of the pump housing may be slotted as a means of minimising 
WTOP (see Section 2.3) and maintaining sufficient screen length for the design yield. 

The design pump housing length is based on specific capacity data from the numerous 
nearby saline drainage wells. It is also assumed that an average deterioration in specific 
capacity of 30 per cent may occur and that the 'worst case' wells could ultimately have 
drawdowns 60 per cent more than the initial design value; 

well development to a stable sand-free condition; 

pump testing of all wells to determine hydraulic performance and ensure adequacy of 
development. Facilities for flow logging and conductivity monitoring will be provided 
although the interface is unlikely to reach its stable position or even be detectable in many 
cases during these tests; 

construction of pump house, discharge boxes and disposal channels connected to the LBOD 
drainage system. A limited amount of fresh water channel construction will also take place 
to provide an outlet to a suitable element of the irrigation system. 

With a budget cost of around £2.5 million, well construction costs compare favourably with 
similar work on saline drainage wells once the additional complexity of scavenger wells is 
taken into account. 
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Figure 5 Scavenger Well Implementation : LBOD 

611 



612 NUMERICAL MODELLING APPLIED TO MANAGEMENT 

The second major contract, which is still to be let, is for the provision and installation of 
a suitable mix of fresh, saline and single lineshaft pumps. This contract is phased to allow 
some of the early drilling data to be taken into account in finalising the quantities and yet to 
allow the actual installation to take place in the last 6 months of the drilling contract and the 
early part of the following maintenance period. Fresh and saline pumps are to be provided in 
nominal discharge steps of 0.25 cusec so that a range of well discharge rates and recovery 
ratios can be achieved. Inevitably, most wells are expected to be pumped at higher than 
nominal rates at first as pumping water levels will not have been lowered by the overall 
drainage scheme or by well deterioration. 

A high degree of commonality is required so that pump maintenance is not too complex. 
In particular only two column pipe, lineshaft and electric motor sizes are to be provided so the 
bulk of discharge matching will be achieved through impeller selection alone. This mirrors the 
expectation that many wells could eventually be upgraded to higher fresh water recovery ratios 
(Section 3.3.). 

Prevention of corrosion is a high priority since the saline water is very aggressive to 
unprotected steel. The use of non metallic well components and a flexible woven thermoplastic 
saline rising main reflect this priority. The flexible rising main also permits easy maintenance 
of the deep set saline pump when needed. The upper pumps, although nominally fresh water, 
will also be protected against corrosion by saline water since the pump chamber casing could 
become flooded with brackish water. 

A second phase of scavenger well implementation is planned for Sanghar District and may 
start in 1993. 

5. CONCLUSIONS 

The SWSPP has demonstrated the feasibility of scavenger wells to provide drainage whilst 
permitting reuse of the fresh water recovered. 

Modelling studies, verified by pilot well testing and operation have led to the evolution of 
fairly simple design criteria appropriate to the LBOD Project Area. 

The basic design aim is to maximise fresh water recovery and the SWSPP work has shown 
how this can be expressed in simple formulae relating initial interface depth within the aquifer, 
proposed well screen geometry, anisotropic aquifer parameters and disper§ion zone thickness. 
An additional relationship between canal seepage and well size and spacing is used for 
wellfield planning. 

These design criteria have been incorporated in a systematic process of additional site 
investigations and contract planning. The first contract for implementation of around 190 
scavenger wells is now underway with a second phase expected in 1993. 

In the LBOD context, the drainage requirement dominates individual well optimisation. 
However, during well construction, screen length and positioning may be varied and potential 
fresh water recovery increased. 

Pumping equipment is being provided that will readily permit changes in pump duty so that 
expected increases in fresh water availability are exploited. Corrosion resistance is also a 
serious consideration. 

The overall result of the original LBOD scavenger well programme will be to provide 
watertable control along 105 km of major canals and recover around 400 cusec of fresh water 
for irrigation use. 
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Transposition of the scavenger well technology and development of similar design formulae 
for fresh water recovery in other locations appears to be feasible. However, the availability of 
a means of saline effluent disposal is a precondition for implementation. 
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