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SUMMARY 

As part of a larger project aimed at alleviating salinisation problems in the Sindh provinced 
Pakistan, four boreholes were drilled especially to enable a downhole packer system to be us; 
to sample the formation water and to measure the hydraulic conductivity of the alluvial san s. 

The packer string consists of two inflatable rubber packers separated by a Iei_tgthd 0~ 
perforated steel tubing, a submersible pump and a pressure transmitter. The tests cons~ste 0

1 pumping water out of the isolated test interval at a measured rate until the head in tbe 1I_ttervad 
reached steady state. During the test the water pumped out was tested for pH, conducti~lt~ :~d 
temperature and a sample of water from each interval was kept for subsequent cherf11ca 
isotope analysis. 

In all, forty intervals were tested in four boreholes. It was possible to locate the ?0s{tio~ 
of the saline/freshwater interface to within ±3.5 m in all four boreholes. The cheff11~a an 
isotopic analysis of the sampled water showed that the saline water was not original ~ se:
water but was probably derived from the evaporation of recharge water. The freshwater m t e 
lens was shown to have derived from recent water. 

The packer system proved reasonably easy to use in the conditions and provided datat~or 
the Scavenger Well Studies and Pilot Project that would be difficult to obtai:n bY 0 er 
methods. 

1. INTRODUCTION 

As part of the Scavenger Well Studies in Sindh Province, Pakistan, described in [2J
1
, packer 

tests were used to obtain data which would be of use in the design of scavenger wei s. 

The position of the saline interface within the aquifer must be known before th~ pilo~ 
scavenger well is pumped so that its operation can be properly monitored. One of 1: be atms 0h 
the Pilot Project is to model the response of the interface to various pumping ra ,e s .~t eac d 
experimental site. Data needed for these models include the permeability of the ~qut ~r ~n 
some idea of its variability with depth. It is also necessary to know of any significa ~! var~at~on 
in quality of the fresh groundwater, as this will control whether it can be used o :1rect Y or 
irrigation or whether it will require blending with canal water. 

Packer tests were undertaken at each pilot-well site to meet the following req tJ i :rements: 

a) Obtain permeability values for different specific intervals of the aquifer 

b) Measure the head in each interval so that an idea of the head/depth relatio 1!Cl ship could 
be obtained at each site; 
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c) Obtain discrete water samples from each test interval; 

d) Identify the position of the freshwater/saline interface prior to finalising individual 
well designs and production testing. 

2. USE OF PACKER TESTS IN UNCONSOLIDATED MATERIALS 

Traditionally, packer tests for hydrogeological studies have been carried out in unlined 
boreholes in indurated formations, and it has been generally assumed that it would not be 
possible to carry out packer tests in screened holes in unconsolidated materials because of the 
possibility of flow occurring past the packers between the screen and the formation. Work by 
the British Geological Survey (BGS) has shown that, provided the boreholes are completed 
without a filter pack and that the formation collapses uniformly around the screen or slotted 
casing, sensible and useful results can be obtained. 

This practice was followed in the Studies, in which four boreholes were specially 
constructed for the packer investigations. They were drilled by water-flush reverse circulation 
(the standard drilling technique in this area) to a diameter of 200 mm and were completed with 
alternate 3-m lengths of 150-mm diameter plastic casing and 150-mm diameter, 3-layer 
geotextile screen. In all, forty screened sections were installed. No gravel pack was used and 
the formation was collapsed around the casing by air-lift pumping, with the depth of the air 
line being gradually reduced. Because of this completion only alternate layers of the aquifer 
could be tested. During testing the packer string was positioned to straddle each screened 
interval in turn (Fig. 1), with the packers situated in the lengths of blank casing above and 
below the test interval. 

3. THE PACKER SYSTEM 

The packer system used in the Studies was designed and built by BGS. It is a double
packer water abstraction system and is shown schematically in Figure 2. 

The test interval is isolated between two commercial inflatable packers. The inflatable 
elements of these packers are lengths of steel-wire reinforced rubber hose, with the ends 
factory-sealed to short steel cylindrical blocks. The elements used in the project investigations 
were 88 mm in diameter uninflated, with a nominal maximum inflated diameter of 188 mm. 
The packers were inflated using compressed nitrogen. 

The pump was a nominal 4-inch electric submersible. Because of the mechanical and 
electrical problems associated with placing the pump between the packers, and for safety 
reasons, it was mounted in a sealed stainless-steel housing or 'shroud' above the top packer. 
The shroud was connected via 2-inch pipework to the mandrel of the top packer, so that the 
pump drew water from the perforated pipe in the test interval. The pump cable entered the 
shroud through a gland. 

The head change in the test interval was measured with a pressure transmitter. The output 
was measured at the surface with a digital meter and recorded using a microcomputer. The 
transmitter was mounted in the system above the top packer in the same way as the pump and 
for similar reasons. So that it could monitor pressure changes in the test interval, its pressure 
port was connected to the monitoring point in the test interval using nylon and stainless steel 
tubing. 

To allow the air that was initially in the tubing to escape, a vent tube was attached to the 
monitoring tubing at its connection with the transmitter, and run to surface (Figu:re 2). 
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576 NUMERICAL MODELLING APPLIED TO MANAGEMENT 

Test 
interval 

Pressure 
measure

ment 
point 

~<----Packer inflation line 

-+---Top packer 

-+----Bottom 
packer 

Figure 2, The BGS pumped double-packer system. 



A. Williams and M. Price 

The pressure line for inflating the packers, and the pressure measurement line from the test 
interval to the transmitter housing, passed through the pump shroud. This was achieved by 
having stainless steel tubes, with threaded connectors, running the length of the shroud. 

The pressure measurement line ran inside the perforated pipe from the base of the test 
interval and up through the mandrel of the top packer. Between the top packer and the shroud 
it had to pass from the inside to the outside of the 2-inch stainless steel pipe. This was 
achieved by means of a connecting joint, which had a small-diameter tube brazed through the 
wall of a stainless steel socket. This socket also acted as a 'safety joint' (Figure 2); it would 
fail if subjected to a load in excess of 3 tonnes. Thus if the borehole collapsed and the packers 
became stuck, it would be possible to break the safety joint and retrieve the pump shroud and 
transmitter housing. 

The whole system was lowered into the borehole on 2-inch diameter pipe which also acted 
as the production tubing (rising main) for the pump discharge. 

Pump discharge was measured with an inferential water meter and controlled using a gate 
valve. Power for the pump, digital meter and computer was supplied by a generator. 

4. TEST PROCEDURE 

The general procedure for testing at each of the four sites was similar. A tripod with 5. 5 
m legs was erected over the borehole and centralised. The packer string was lowered into the 
hole using a manual chain pulley block. 

The hoses and cables to the surface from the packer system were taped to the rising main. 
The string was lowered in the borehole until the centre of the test interval was level with the 
centre of the screened interval to be tested, and held in position with casing clamps. The water 
level in the borehole was measured using an electric line. The packers were then inflated, and 
changes in the pressure measured in the test section were recorded. During the tests the water 
level in the casing was measured from time to time to check for any large changes that might 
indicate leakage around the packers or in the rising main above the packers. 

All but two of the forty intervals, were tested using the double-packer system as described 
above. However the top sections of the boreholes at sites PSW3 and PSW4C were too close to 
the water table for this to be done. To test those sections the packer string was altered by 
removing the upper packer. This reduced the length of the string by 1.82 m which meant that 
the transmitter was about 1 m below the water table. Thus a single packer test was carried out 
with the packer sealing off all the borehole apart from the top screen. During this type of test 
the head change in the test section was monitored using an electric line. The head changes 
obtained by this method were similar to the measurements recorded from the pressure 
transmitter. The calculations for permeability were the same except that the length of the test 
section was the full screen length (taken to be 2.8 m). 

In site-investigation and groundwater-resources studies, packer tests are usually based on 
an approximately 'steady-state' procedure and analysis. This procedure was generally followed 
in the Studies. Water was pumped from the test interval until apparent steady-state conditions 
were achieved and the head change and flow rate were measured. We then repeated the 
procedure at two successively higher flow rates. Finally, one or more lower-rate tests were 
'repeated as a check that conditions had not changed. Thus each interval was effectively tested 
four or five times. 

Measurements of the flow rate were taken at regular intervals during the tests. The pumP 
maintained a constant rate, and in most cases the head stabilised in the test section within five 
minutes. Each flow rate was continued for at least 15 minutes and the rate used in the 
calculations was an average of all the measurements. 
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The output from the transmitter was read on a multimeter. To obtain sufficient resolution 
in the readings a digital multimeter with 512-character display was used. Theoretically this 
allows for head changes as small as 0.6 mm to be distinguished. It is not suggested that the 
system is really this accurate, and drawdowns of more than 100 mm were generally used to 
produce reliable values of permeability. However this resolution was important in assessing 
whether 'steady-state' had been achieved. 

During the course of a test the drawdown in the test interval was calculated for every flow 
rate. This was done to ensure that the drawdown was sufficient to give good permeability 
results, and not so great as to cause possible damage to the aquifer (the drawdown ideally was 
kept between 0.1 and 1.5 m). Rough calculations for permeability were also made during the 
test. This showed whether the results at the different rates were consistent and enabled checks 
to be made on the equipment if they were not. 

It was usually possible to test two intervals a day, using four different flow rates for each 
interval, though this depended on how quickly the drawdown stabilised. 

5. CHEMICAL SAMPLING 

Before the testing started it was unclear whether the formation would have collapsed 
completely around the casing. It was feared that any cavities left would create preferential 
pathways for water flow such that the water pumped from one test interval would be drawn in 
from the borehole either above or below the isolated interval. To check this the water pumped 
from the borehole was monitored chemically during each test. For the first few intervals tested 
(at site PSWlC) the electrical conductivity (EC) and the pH of the water were measured every 
10 minutes. Studying these initial values of EC and pH led to the conclusion that, once the 
well volume had been cleared, the water quality did not change significantly. Thus it was 
decided that the main sample for chemical analysis should be taken after about 1 hour of 
pumping. However it was also decided to continue with the monitoring of EC and pH every 
10 minutes. 

At two sites measurements of redox potential (Eh) and dissolved oxygen content were also 
made for each interval. 

6. RESULTS 

6.1 General treatment 

The equation normally used for interpreting steady-state tests in a limited interval of a 
formation is one derived by Hvorslev [5] following earlier work by Dachler [4] : 

where: 
K 
I 

Q 
H 

K- Q *lnf 1 +[1 +( 1 )
2

]
0

'
5

] 
- 2*1l*1*H .12*I 2*I 

hydraulic conductivity ("permeability") 
length of the test interval 
radius of the test interval 
flow rate into or out of the test interval 
corresponding change in head 

(1) 
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Equation (1) was derived for homogeneous isotropic material. For material which is 
homogeneous but in which the horizontal and vertical permeabilities differ, equation (1) 
becomes modified to 

where 

horizontal hydraulic conductivity 
vertical hydraulic conductivity 

(2) 

(3) 

In most sedimentary formations, true anisotropy causes the ratio KJKv to be typically 
between 2 and 4. This anisotropy usually arises because non-spherical grains are more likely 
to be deposited with their longer axes horizontal than vertical. However, most sedimentary 
formations are heterogeneous - in particular they consist of layers of varying grain size and 
degree of sorting, and hence of varying permeability. Horizontal flow through such a system 
tends to be dominated by the most permeable layers, and vertical flow is controlled by the least 
permeable layers. In bulk, this can impart a considerable degree of apparent anisotropy to the 
formation (see, e.g., Price, [7], Figure 6.9; Lake, [6]). 

For the analysis of the results of the packer tests an iterative procedure was employed, 
based on an estimate of the vertical hydraulic conductivity of each test interval. The estimates 
were taken from data in the Lower Indus Report, Volume 6, Figure 3.5 [1] which gives a 
relationship between vertical hydraulic conductivity and sand content of the aquifer. Sand
content values for the Studies were derived from a careful examination of the geophysical logs 
and of the lithological descriptions of the samples collected from the fluid returns during the 
drilling of the packer-test boreholes. 

In practice, because it is the natural logarithm of the anisotropy ratio that is used in the 
calculation, even large errors in the assumed value of KJKv will not greatly affect the 
calculated value of Kh. Although the Hvorslev equations are not strictly valid for 
heterogeneous materials, modelling investigations [3] have indicated that even where the 
presence of a fissure in an indurated formation causes marked heterogeneity, the Hvorslev 
equations will produce acceptable results. 

6.2 Analysis 

For most intervals the readings from the pressure transmitter were recorded using a 'lap
top' computer, every 30 seconds, and stored on a floppy disk. These data were read into a 
spreadsheet program on the computer and this spreadsheet was programmed to calculate 
drawdowns from the readings of current that were saved. 

The flow rates were entered into the spreadsheet manually. The spreadsheet was then used 
to calculate a value of permeability for every pressure reading taken. 
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A sand content was estimated for each interval tested as described above. The sand content 
was calculated for a region extending from 1.4 m above to 1.4 m below the test interval to take 
end effects into account. These values were then used in conjunction with data from the Lower 
Indus Report ([1], Vol. 6, Figure 3.5) to give estimates of Kv for each interval. 

These Kv values were in turn used to obtain a corrected value for Kh using equations (2) 
and (3), using an iterative procedure which usually took five iterations to converge. The 
uncorrected value of K was used as a starting value of Kh so that a value of m could be 
obtained from equation (3). This was put into equation (2) and a new value of Kh calculated. 
This was repeated until the value of Kh did not change. All of these calculations were carried 
out within the spreadsheet program. 

Values for Kh were used to produce a profile of hydraulic conductivity variation with depth 
for each borehole. As an example of the results obtained, Figure 3 shows the hydraulic 
conductivity (KJ results and the EC values at Site 3 plotted against depth. The EC values 
clearly show the position of the saline interface between 40 and 45 m below ground level, and 
that it is apparently unrelated to any layer of low permeability. 

The hydraulic conductivity values are shown by vertical bars; the result for each pumping 
rate is shown so that the range of values obtained for each interval is clearly displayed. The 
Kh values at this site generally range from about 10 to 45 m/day and are generally in the lower 
part of this range; these values are similar to or lower than values obtained in this area from 
pumping tests and suggest that the results are reliable and not unduly affected by packer 
leakage. 

The anisotropy ratios used to derive the results shown in Figure 3 vary from 2 (deepest 
interval) to 53, with an arithmetic mean of 17. These ratios are consistent with those quoted 
in the Lower Indus Report ([1], Vol. 6 p170). 

We could find no significant variation of head with depth, a fact which is not surprising. 
If the areas beneath and near canals are regarded as recharge areas, and the surrounding fields 
as discharge areas (with discharge occurring by evapotranspiration), it might b~e expected that 
upward hydraulic gradients would be present over much of the area. However, some recharge 
must occur from time to time beneath irrigated fields; thus recharge pulses will occur, and the 
direction of the vertical gradient probably varies from place to place and with time, depending 
on antecedent conditions. 

6.3 Water samples 

The samples collected were analyzed for major ions and isotopes of oxygen. The results 
showed that the saline water was probably derived from rainwater concentrated by evaporation 
and by contact with the aquifer material. It seems very unlikely that the water could have 
originated as sea-water. The fresh-water was of similar composition to that of the canal water. 
The transition from fresh to saline water was easily noted by measuring the conductivity of the 
water discharged during the packer tests. 

7. CONCLUSIONS 

The study has shown that packer systems can be used to measure hydraulic conductivity 
and to obtain discrete water samples from isolated intervals in boreholes in unconsolidated 
materials, provided that suitable care is taken in the design and construction of the boreholes 
and that no filter pack is used. 

Vertical variations in the calculated values of horizontal hydraulic conductivity (KJ are 
not large, so less permeable horizons should not be relied upon to restrict the vertical 
movement of the fresh-water/saline-water interface. 
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Figure 3. Hydraulic conductivity results and electrical 
conductivity values from samples obtained using the 
packer system, 
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There are distinct differences in Kh from site to site. Although the range of values at each 
site is similar, the pattern of vertical variation is not. 

Measurements of head in the borehole show that there is little or no vertical head variation 
within the aquifer. 

As the distribution of permeability with depth differs from site to site, it would appear that 
further packer studies could be useful at any future scavenger well sites. 

The study has also shown that it is possible to use relatively sophisticated equipment in a 
difficult environment, with installation and general assistance undertaken by local workers. 
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