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= Groundwater is pumped from a confined aquifer. The
pumping discharge is 314.2 m3day-1. The saturated depth of
the aquifer is 50 m; the hydraulic conductivity of the aquifer
equals 10 m day* and the storage coefficient of the aquifer is
0.0001. A river is located at a distance of 70 m of the pumping
station (PS), and the midpoint of a nature reserve (NR) is
located at a distance of 500 m from the pumping well.
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Solution
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« Pythagoras: x? + 3002 =500 = x =400 m
. 1 of the image recharge well (r.) = [(400 +2x70)? + 3007]*2 = 619.14
m

= The drawdown at NR could be estimated by Copper Jacob equation,
since the image well is an injection well the drawdown at NR will be

obtained by subtracting the drawdown due to the image (injection)
well from the drawdown caused by pumping well.

2. 3Q 2.25Tt | 2. 3Q 2.25Tt | 2.3Q 2.25Tt 2.25Tt 2. 3Q r’
S = log| — log| — =——1log| — —log| — log| —
470K r,bSc  AbK r’bSc ) 4zbK r,bSc r"bSc " 47K r
_23x314.2m°/d (619.14)°
47 x50x10m/d 500 °

j =0.021m = 2.1cm
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7. Pumping Wells

= The drawdown observed in a pumping well has two component
parts:

sAquifer loss
= Drawdown due to laminar flow in the aquifer
=s\Well loss

= Drawdown due to turbulent flow in the immediate
vicinity of the well through the screen and/or gravel
pack

= Well loss is usually assumed to be proportional to the square of
the pumping rate: s, = CQ?
- The total drawdown at a pumping well is given by:

S, =S+, :iw(u)mcg2 = BQ +CQ?
AT
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Well Efficiency

« The ratio of the aquifer loss and total drawdown (s/s;) is known
as the well efficiency.
s W(u) B

s, W(u)+42TCQ B+CQ

= Mogg (1968) defines well efficiency at a fixed time (t = 24 hrs).
Thus, writing W(u) as the Cooper-Jacob approximation gives:

S 1 1

s, 1+42TCQ/[IN(2.25Tt/S)-2In(r,)]  1+CQ/B(r,)

« Written in this form it is clear that well efficiency reduces with
pumping rate (Q) and increases with well radius(r,,), where B is
Inversely related to well radius. 1

- The specific capacity Is given by: = B+CO
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Step-Drawdown Test

Drawdown, s

B Step-drawdown tests are tests at different
pumping rates (Q) designed to determine
well efficiency.

. Normally pumping at each successively
greater rate Q, < Q, < Q; < Q, < Q; takes
place for 1-2 hours (At) and for 5 to 8 steps.
The entire test usually takes place in one
day.

k Equal pumping times (At) simplifies the
analysis.

k At the end of each step, the pumping rate
(Q) and drawdown (S) is recorded.
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Step-Drawdown Test Analysis

s/Q (m/m3/d)

« Step-drawdown tests are  « The intercept of the graph at Q=0 is
analyzed by plotting the B = W(u)/(4nT) and the slope is the

reciprocal of specific well loss coefficient, C.
capacity (s/Q) againstthe . B can also be obtained independently
pumping rate (Q). from a Theis or Cooper-Jacob

analysis of a pump test.

/ . For Q =2700 m3/d and s = 33.3m

C the B = 0.012 m/m3/d

_— . If C=4x 107, then CQ2=18.2m

B . The well efficiency is (33.3 — 18.2)
1 /33.3 = 45.3%
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« A well efficiency of 70% or more is usually
acceptable.

« If a newly developed well has less than 65%
efficiency, it should not be accepted.

= A qualitative “Rule of Thumb” to recognize an
Inefficient well is:

«If the pump is shut off after 1 hour of pumping and 90% or
more of the drawdown is recovered after 5 minutes, It can
be concluded that the well is unacceptably inefficient.
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Well Yield

USgpm L/s m3/d in mm in mm in mm
<100 <6.4 550 4 100 6 150 5 130
<170 <11 950 5 130 8 200 6 150
< 350 <22 1900 6 150 10 250 8 200
<700 <44 3800 8 200 12 300 10 250

< 1000 < 64 5500 10 250 14 360 12 300
<1800 <110 9800 12 300 16 410 14 360
<3000 <190 16000 14 360 20 510 16 410
<3800 <240 21000 16 410 24 610 20 510
<6000 <380 33000 20 510 30 760 24 610

= The chart is used to select casing sizes for a particular yield. The
main constraint is pumping equipment.
. For example, if the well is designed to deliver 4,000 m?/d, the

optimum casing dia. is 360 mm (2 nom. sizes > pump dia.) and
the minimum 300 mm.

=« The drilled well diameter would have to be 410 to 510 mm to
provide at least a 50 mm grout/cz:%ment annulus.




Pump Test Planning

= Several preliminary estimates are needed to design a successful
test:

sEstimate the maximum drawdown at the pumped well
sEstimate the maximum pumping rate

sEvaluate the best method to measure the pumped volumes
=Plan discharge of pumped volumes distant from the well
sEstimate drawdown at observation wells

sSimulate the test before it is conducted

sMeasure all initial heads several times to ensure that steady-
conditions prevail

sSurvey elevations of all well measurement reference points
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Number of Observation Wells

- Number depends on test objectives and available
resources for test program.

sSingle well can give aquifer characteristics (T and S).
Reliability of estimates increases with additional
observation points.

= | hree wells at different distances are needed for time-
distance analysis

=No maximum number; because anisotropy, homogeneity,
and boundaries can be deduced from response
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Pump Test Measurements

= The accuracy of drawdown data and the results of subsequent
analysis depends on:

sMaintaining a constant pumping rate

sMeasuring drawdown at several (>2) observation wells at
different radial distances

= [aking drawdown at appropriate time intervals at least every
min (1-15 minutes); (every 5 minutes) 15-60 minutes; (every
30 minutes) 1-5 hrs; (every 60 minutes) 5-12 hrs; (every 8 hrs)
>12 hrs

sMeasuring barometric pressure, stream levels, etc as necessary
over the test period
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Pump Test Measurements

sMeasuring both pumping and recovery data

sContinuing tests for no less than 24 hours for a
confined aquifers and 72 hours for unconfined
aquifers in constant rate tests

sCollecting data over a 24 hour period for 5 or 6
pumping rates for step-drawdown tests
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Measuring Pumping Rates

= Control of pumping is normally required as head and pump rpm
changes. Frequent flow rate measurements are needed to maintain
constant rate.

= Lower rates

sPeriodic measurements of time to fill a container of known
volume

=“v”’ notch weir - measure head (sensitive at low flows)

- Higher rates
=Impellor driven water meter - measure velocity (insensitive)
«Circular orifice weir - measure head v=(2gh)”
sRectangular notch weir - measure head
sFree-flow Parshall flume (drop in floor) - measure head
=Cutthroat flume (flat floor) — measure head
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Measuring Drawdown

« Pumped wells
sHeads are hard to measure due to turbulence and pulsing.

sData cannot reliably estimate storage.
« Observation wells
sSmallest possible diameter involves least time lag

sScreens usually 1-2 m; longer is better but not critical. It should be at
same depth as centre of production section

=If too close (< 3 to 5 x aquifer thickness) can be strongly influenced
by anisotropy (stratification)

=If too far away (>200 m unconfined) Ah(t) increases with time so a
longer test is required — boundary and other effects can swamp
aquifer response
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Drawdown Instrumentation

= Dip meters
sL_et cable hang to remove kinks
=Rely on light or buzzer, have spare batteries
- Steel tapes
sRead wetted part for water level (chalking helps)
sHard to use where high-frequency readings are needed
= Pressure gauges
sMeasure head above reference point
— need drawdown estimates to set gauge depth
= Pressure transducers/data loggers
sHang in well and record at predetermined interval
sRemote sites (no personnel) and closest wells (frequency)
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