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Sharpe et al. (1999) Current Research 1999-E; Geological Survey of Canada, p. 123–136.
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Real aquifers are heterogeneous



Real aquifers are heterogeneous (2)
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Assessment of the proposed approach
1. Pumping tests in homogeneously heterogeneous 

aquifers (random fields)

2. Pumping tests in aquifers with discrete zones
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Conceptual model #1
Pumping tests in homogeneously heterogeneous aquifers 

(random fields)
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Meier et al. (1998):
Numerical simulation of pumping tests in random-T fields

Lognormal transmissivity: 
ln(T) = y = N(ln{TG},σy)

TG = Geometric mean transmissivity
σy

2 = Variance of the log-transmissivity
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Simulated drawdowns
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Simulated drawdowns
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Inference of hydraulic connectivity
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Conceptual model #1
Tentative conclusion:

The results of the Meier and others (1998) simulations 
suggest that it may be possible to estimate an 
effective, bulk-average, transmissivity from a pumping 
test in a homogeneously heterogeneous aquifer, even 
for aquifers in which the degree of heterogeneity is 
relatively large.
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Conceptual model #2:
Zones of different transmissivity (pods)

(Butler and Liu, 1993)
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“Pod problem” #1

T2 = 100 m2/d [formation]
T1 = 0.1 m2/d [pod containing the pumping well]

Pod

Obs Obs
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Individual time-drawdown plots
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Theis analysis
(Naïve approach, Part 1)
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Theis analysis
(Naïve approach, Part 2)
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Theis analyses with formation properties
(Answer at the back of the book)
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Theis analyses with formation properties 
(Answer at the back of the book, Part 2)
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Semilog composite plot
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Cooper-Jacob analysis
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Pod problem #2

T2 = 100 m2/d [formation]
T1 = 0.1 m2/d [pod containing Obs. Well #1] 32
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Cooper-Jacob analysis

10-7 10-6 10-5 10-4 10-3 10-2 10-1

t/r2 (days/m2)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

D
ra

w
do

w
n 

(m
)

Obs 1: r = 50 m
Obs 3: r = 10 m
Obs 4: r = 10 m
Obs 6: r = 50 m

Cooper-Jacob analysis
T = T2 = 100 m2/d
S = S2 = 5×10-4

40



Conceptual model #2
Pumping tests in aquifers with discrete zones

Tentative conclusion

In aquifers that contain distinct zones it may be possible 
to take advantage of the strengths of the Cooper-Jacob 
composite analysis to identify the portion of the response 
that is representative of bulk-average radial flow, and to 
estimate a representative transmissivity from that portion 
of the data.
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Take home points (1) 

1. Real aquifers are heterogeneous, but models of 
pumping tests are generally founded on the 
assumption of homogeneity. 

2. The composite plot is the appropriate starting point 
for the interpretation of pumping tests with multiple 
observation wells in heterogeneous aquifers.

3. The composite plotting approach directs analysts to 
the recognition of the effects of heterogeneity and 
to the estimation of a bulk-average transmissivity.
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Further reading
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Ground Water, vol. 28, no. 3, pp. 394-402 (1990)

Ground Water, vol. 47, no. 5, pp. 615-617 (2009)



Case study: NDPW1-08
Testing of potential new 

municipal production well
Cambridge, Ontario
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Barker and Herbert (1982) model
[Predecessor to the Butler and Liu (1993) pod model]

Inner zone

Outer zone
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Sensitivity w.r.t. size of inner zone (R)
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Sensitivity w.r.t. T of inner zone (T1)
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Sensitivity w.r.t. T of outer zone (T2)
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Take-home points (2)

4. My analysis is not the answer. However, the 
Barker-Herbert two-zone conception is the 
simplest possible model that matches all of the 
available data.

5. Distance-drawdown never lies.
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𝑄𝑄 = 𝑇𝑇 × 2𝜋𝜋𝜋𝜋 ×
𝜕𝜕ℎ
𝜕𝜕𝑟𝑟

= 𝑇𝑇 × 2𝜋𝜋 ×
1

2.303
𝜕𝜕ℎ

𝜕𝜕 log 𝑟𝑟



Case Study:
W3 Pumping Test

Elmira, Ontario
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W3
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W3
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Reporting
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• 15 observation wells
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Q1. Is the reporting appropriate?
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Q2. Are the analyses conceptually sound?
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Might the interpretations of individual drawdown records provide 
reliable (perhaps not general, but local) transmissivity estimates?

Q3. Are the interpretations reliable?

r = 210 m

r = 240 m
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CH20B: T = 5.00 m2/min
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CH38B: T = 1.76 m2/min



• Does the table of reported values shed any light on 
the subsurface structure?

• Does the table of reported values provide any 
insight into the representative large-scale 
transmissivity?

• Does the table of reported values help identify 
outliers?

Q4. Do the analyses have any diagnostic value?
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Alternative Interpretation: Composite plot
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Interpretation: CJSL Analysis

∆s ~ 0.27 m
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SLOPE 1, 2, 3 and 4 ≅ 0.27 m/log cycle t/r2

Average pumping rate: Q = 150 gpm (= 0.66 m3/min)

≅ 2.303 0.66 m3/min
4𝜋𝜋

1
0.27 m

 = 0.45 m2/min

Estimation of transmissivity
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𝑇𝑇 = 2.303
𝑄𝑄
4𝜋𝜋

1
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Original analysis: T  = 0.5 to 11.1 m2/min

Summary of Transmissivity Results
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Cooper-Jacob composite analysis: T = 0.45 m2/min

Outliers?

0.45 m2/min
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Plot

		W3		0.5371

		CH78B (1)		1.136

		OW119-27 (1)		0.9637

		CH38A		0.9665

		CH38B		1.79

		CH20B		3.868

		CH75A		0.6343

		CH75B		0.7488

		OW118-27		3.1

		OW121-50		2.058

		CH43A		0.9151

		CH21A		4.579

		CH21B		11.11

		CH23B		1.118

		OW56-26		2.038



Well

Transmissivity (m2/min)

Summary of Transmissivity Results
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Sheet1

		Location		Transmissivity (m^2/min)

		W3		0.5371

		CH78B (1)		1.1360

		OW119-27 (1)		0.9637

		CH38A		0.9665

		CH38B		1.7900

		CH20B		3.8680

		CH75A		0.6343

		CH75B		0.7488

		OW118-27		3.1000

		OW121-50		2.0580

		CH43A		0.9151

		CH21A		4.5790

		CH21B		11.1100

		CH23B		1.1180

		OW56-26		2.0380







Outliers?
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Further analysis?
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Take-home points (3)

6. Careful how you report your results. 

7. Assembling a table with a wide range of 
transmissivity estimates obtained from matching 
the data with a solution that assumes aquifer 
homogeneity is not helpful to anyone.
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