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Factors Affecting Specific-Capacity Tests and their 
Application—A Study of Six Low-Yielding Wells in 
Fractured-Bedrock Aquifers in Pennsylvania

By Dennis W. Risser

Abstract
This report by the U.S. Geological Survey, prepared 

in cooperation with the Pennsylvania Department of Envi-
ronmental Protection, Bureau of Mining and Reclamation, 
evaluates factors affecting the application of specific-capacity 
tests in six low-yielding water wells in areas of coal mining 
or quarrying in Pennsylvania. Factors such as pumping rate, 
duration of pumping, aquifer properties, wellbore storage, 
and turbulent flow were assessed by theoretical analysis and 
by completing multiple well tests, selected to be represen-
tative of low-yielding household-supply wells in areas of 
active coal mining or quarrying. All six wells were completed 
in fractured-bedrock aquifers—five in coal-bearing shale, 
siltstone, sandstone, limestone, and coal of Pennsylvanian 
and Permian age and one in limestone of Cambrian age. The 
wells were pumped 24 times during 2007–09 at rates from 
0.57 to 14 gallons per minute during tests lasting from 22 to 
240 minutes. Geophysical logging and video surveys also 
were completed to determine the depth, casing length, and 
location of water-yielding zones in each of the test wells, and 
seasonal water-level changes were measured during 2007–09 
by continuous monitoring at each well.

The tests indicated that specific-capacity values were 
reproducible within about ± 20 percent if the tests were 
completed at the same pumping rate and duration. A change in 

pumping duration, pumping rate, or saturated aquifer thick-
ness can have a substantial effect on the comparability of 
repeated tests. The largest effect was caused by a change in 
aquifer thickness in well YO 1222 causing specific capacity 
from repeated tests to vary by a factor of about 50. An increase 
in the duration of pumping from 60 to 180 minutes caused as 
much as a 62 percent decrease in specific capacity. The effect 
of differing pumping rates on specific capacity depends on 
whether or not the larger rate causes the water level in the well 
to fall below a major water-yielding zone; when this decline 
happened at well CA 462, specific capacity was reduced by 
about 63 percent.

 Estimates of the maximum yield for low-yielding wells 
that are computed by multiplying the available drawdown 
by the specific-capacity value may contain large errors if 
the wells were pumped at low rates that do not cause much 
water-level drawdown. The estimates of yield are likely to be 
too large because the effects of lowering the water level in 
the well below water-yielding zones have not been incorpo-
rated. Better yield estimates can be made by the use of step-
drawdown tests or by over-pumping at a rate large enough to 
dewater most of the wellbore. The maximum well yield, after 
overpumping, can be estimated from the rate of water-level 
recovery or by subtracting the incremental rate of change of 
borehole storage at the end of the test from the pumping rate.
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Introduction
Pennsylvania Department of Environmental Protection 

(PaDEP) regulations require a mining company to restore 
or replace the water supply if a mining company diminishes 
the yield of a well to the point where the well is no longer 
adequate for the purposes served (Commonwealth of Penn-
sylvania, 1982, 1990, 1998, 2005). PaDEP typically has used 
specific-capacity tests to establish baseline well yields, to 
determine mining effects on domestic supply wells, and to 
verify that replacement wells (if needed) have adequate yields. 
Specific capacity is the ratio of pumping rate to drawdown 
determined at some specified time during the test. Although 
the specific-capacity test has proven useful, the procedure for 
determining mining effects is based on the assumption that test 
results are reproducible and that differences between succes-
sive tests are caused by mining activity. Factors other than 
mining can affect the results of specific-capacity tests, but the 
importance of those effects is not well understood, particularly 
with low-yielding wells.

PaDEP often needs to evaluate the results of specific-
capacity tests at domestic-supply wells for differing durations, 
pumping rates, and hydrologic conditions. Domestic-supply 
wells in Pennsylvania are frequently low-yielding (often less 
than 5 gal/min), and most references to the use of specific 
capacity for estimating well yield are for high-yielding wells 
used for public water supply or industry. PaDEP needs to 
know the degree to which factors other than mining can affect 
the reproducibility of specific-capacity tests in the fractured-
rock aquifers near areas of active coal mining or quarrying. 
Such information would allow a better assessment of the 
assumptions inherent in the procedure for determining pre- 
and post-mining yield of a well with specific-capacity values, 
provide a basis for a better understanding of the variability of 
specific-capacity test results on a single well and the condi-
tions responsible for this variability, and result in better inter-
pretations of pumping-test data. To address this need the U.S. 
Geological Survey (USGS), in cooperation with the PaDEP, 
Bureau of Mining and Reclamation, evaluated the reproduc-
ibility of specific-capacity values derived from pumping of 
low-yielding wells.

Purpose and Scope

This report describes the results of a study, in coopera-
tion with the PaDEP, Bureau of Mining and Reclamation, to 
evaluate factors affecting the application of specific-capacity 
tests in six low-yielding water wells in areas of coal mining or 
quarrying in Pennsylvania. Factors affecting specific capacity 

such as pumping rate, duration of pumping, aquifer properties, 
wellbore storage, and turbulent-flow well losses were assessed 
by theoretical analysis and by completing multiple tests at 
differing rates and durations at six low-yielding wells during 
2007–09 (fig. 1). Pumping each well was done to determine 
specific capacity, and geophysical logging and video surveys 
were done to determine the depth, casing length, and location 
of water-yielding zones in each of the test wells. Seasonal 
water-level changes were measured by continuous monitoring 
at each well.

Fractured-Bedrock Aquifers

The wells selected for study were completed in fractured 
siliciclastic or carbonate-bedrock aquifers in mining areas. 
Five wells are in shale, siltstone, sandstone, limestone, and 
coal of Pennsylvanian and Permian age in the bituminous coal 
fields of western Pennsylvania and one is in carbonate rocks 
(limestone of Cambrian age) in south-central Pennsylvania 
that are quarried for industrial uses.

Siliciclastic rocks of the bituminous coal fields of western 
Pennsylvania yield water to wells mostly through fractures 
because the primary permeability of the rock matrix is small. 
These fractured rocks create a complex, heterogeneous aquifer 
that is not easily classified as confined or unconfined. Cal-
laghan and others (1998, p. 2–11) describe the groundwater 
flow system in the bituminous coal area as a “shallow, uncon-
fined (possibly including seasonally perched or semi-perched 
zones) system grading to a semi-confined system at intermedi-
ate depth.”

Carbonate rocks in south-central Pennsylvania yield 
water to wells from fractures (some widened by dissolution) 
and voids (Taylor and Werkheiser, 1984, p. 32). Wells in 
carbonate-rock aquifers are capable of producing thousands 
of gallons per minute, but yields vary widely depending if 
the well intercepts a permeable feature. Low yields are not 
uncommon when a well is drilled through only solid bedrock.

The water-yielding zones described in drilling logs of the 
bedrock aquifers represent one or more fractures containing 
groundwater. The water level in a well typically represents a 
composite hydraulic head of all the water-yielding fractures 
intersected by the well. The maximum yield of a well depends 
largely on how the water-yielding fractures are interconnected 
with other fractures outside the near-well environment. Frac-
tures or voids that are not well connected may provide some 
water from storage, but cannot provide a sustained source of 
water to the well.
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Figure 1.  Location of six low-yielding wells in fractured-bedrock aquifers in areas of coal or carbonate-rock 
mining in Pennsylvania selected for testing for this study.
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Specific Capacity

Specific capacity of a well is defined as the pumping rate 
divided by drawdown at some time after pumping was started 
(Lohman and others, 1972, p. 11):

 SC = Q/s, (1)

where
 SC	 is specific capacity, in (gallons per minute) 

per foot;
 Q	 is the pumping rate, in gallons per minute; 

and
 s	 is drawdown in the pumped well, in feet;
and

 s = d	–	d0	,	 (2)

where
 d	 is the depth to water in the well, in feet; and
 d0	 is the static depth to water when pumping 

begins, in feet.

Thus, for a given pumping rate Q, any factor affecting 
drawdown s also will affect the value of specific capacity. 
Therefore, the accuracy and reproducibility of specific capac-
ity for well evaluation depends on accurate field measurements 
of pumping rate and drawdown, and on control of the factors 
(other than mining influences) that affect drawdown.

Drawdown in a well is a function of laminar and turbu-
lent flow in the aquifer and in the well. Under conditions of 
laminar radial flow in an ideal confined aquifer, the drawdown 
in a pumped well having negligible wellbore storage is given 
by Cooper and Jacob (1946) for all but early time as:

 35.3Q 0.3Tt
s = log , (3)

T r  S2

where
	 T	 is transmissivity, in square feet per day;
 t	 is time since pumping began, in days;
 r	 is the radius of the pumped well, in feet; and
 S	 is the storage coefficient (dimensionless).
 Note: the constant 35.3 accounts for the conversion 
of units of Q	in gallons per minute to cubic feet per day.

The drawdown caused by laminar flow is directly pro-
portional to the pumping rate Q	(eq. 3). Thus, if all drawdown 
were caused by laminar flow, the specific capacity from two 
tests at different rates would not be affected by pumping rate 
because the numerator and denominator on the right-hand 
side of (eq. 1) would both differ proportionately. The overall 
magnitude of drawdown is inversely proportional to aquifer 
transmissivity. The change of drawdown in time is determined 
by the logarithm of the dimensionless time, which is the term 
inside the parentheses in (eq. 3). The dimensionless time is 
directly proportional to time and aquifer transmissivity and 
inversely proportional to the storage coefficient and the square 
of the radius of the pumped well.

Turbulent flow can increase the total drawdown in the 
well (fig. 2). The laminar BQ and turbulent CQ2 components 
of drawdown in the aquifer and the well are shown in the 
formula of Jacob (1947) as:

 s = BQ + CQ2, (4)

where
	 B	 is the laminar-flow factor (equal to terms on 

the right-hand side of equation 3), in feet 
per (gallons per minute); and

 C	  is the turbulent-flow factor, in feet per (gallon 
per minute) squared.

Drawdown from turbulent flow CQ2 is not directly pro-
portional to the pumping rate (as is drawdown from laminar 
flow); thus, specific-capacity values of tests completed at 
different pumping rates are different during turbulent flow. 
Fortunately, for pumping at low rates in low-yielding wells, 
drawdown from turbulent flow is usually small compared to 
drawdown caused by laminar flow.

A major factor affecting drawdown in low-yielding wells 
during short-duration tests is the water stored in the well bore. 
The “wellbore storage” can substantially lessen the drawdown 
(and increase specific capacity) in early parts of a specific-
capacity test compared to predictions based on the assumption 
of negligible wellbore storage used in equation 3.
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Figure 2.  Schematic of components of drawdown caused by laminar (BQ) and turbulent (CQ2) 
flow of water to a pumped well in an ideal confined aquifer.
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Methods of Study

The evaluation of short-duration specific-capacity tests 
was done by pumping wells in the field and by theoretical 
analysis. Water levels in the pumped wells were monitored 
during 2007–09 and downhole geophysical logs and videos 
were collected.

Specific-Capacity Tests

Six wells, mostly in coal-mining areas, were selected for 
pumping to evaluate the reproducibility of specific capacity 
for tests in the same well at different times and to examine the 
factors affecting reproducibility of results. Five of the wells 
were in siliciclastic rocks of mixed lithologies in the bitumi-
nous coal area of western Pennsylvania and one well was in 
carbonate rocks in south-central Pennsylvania (fig. 1).

Wells were selected to be representative of low-yielding 
household-supply wells in areas of active coal mining or 
quarrying. Typical household-supply wells in Pennsylvania 
are usually 6- or 8-in. diameter wells, cased from 20 to 40 ft 
below land surface, and completed as open holes in bedrock at 
depths less than 300 ft. Unlike household-supply wells, the six 
wells selected for this study were unused at the time of testing. 
Unused wells allowed unobstructed access for experimenta-
tion throughout the study period. The wells were selected from 

a set of candidate wells that were either known or reported to 
yield less than about 5 gal/min. One well is owned by a coal 
company, one is privately owned, and four are USGS observa-
tion wells. Characteristics of the wells are shown in table 1.

Twenty-four specific-capacity tests were completed at 
the six wells in various seasons from August 16, 2007, to 
September 21, 2009, and data were available from five tests 
completed on four of the wells prior to this study (table 2). 
The wells were pumped at rates ranging from 0.57–14 gal/min 
and durations of 22 to 240 minutes to demonstrate, in practice, 
how those factors could affect the reproducibility of specific-
capacity values. Drawdown was monitored with a vented pres-
sure transducer (Freeman and others, 2004) and check mea-
surements were made periodically with a graduated electric 
tape. Discharge was monitored with either a recording paddle-
wheel flowmeter or a non-recording flowmeter, which was 
read every few minutes during the test. Flowmeter readings 
were checked periodically during the tests with a volumetric 
measurement by using a 5-gal bucket and stopwatch. Some 
of the specific-capacity tests were completed with the use of 
a device called the WellTender, which includes a flowmeter, 
pump controller, and data logger in a single unit capable of 
automatically holding the pumping rate of the Grundfos Redi-
Flo2 pump steady during the duration of pumping. The steady 
pumping rate made it easier to evaluate how factors other than 
the pumping rate affect specific capacity.

Table 1. Characteristics of six low-yielding wells in fractured-rock aquifers in Pennsylvania. 

[Borehole-video surveys were conducted at all wells. All wells were cased with steel casing. USGS, U.S. Geological Survey; ft, foot; in., inch; ss, sandstone; 
st, siltstone; sh, shale; md, mudstone; ls, limestone; gal/min, gallon per minute; @, at]

Characteristics Well

USGS Well Identifier AR 110 BV 156 CA 462 GR 541 WS 155 YO 1222
County Armstrong Beaver Cambria Greene Washington York
Latitude 

Longitude
40° 54′ 13.6″
79° 31′ 25.7″

40° 30′ 06″
80° 25′ 22″

40° 27′ 44.8″
78° 45′ 32.5″

39° 47′ 38″
80° 07′ 20″

40° 02′ 33″
80° 26′ 12″

40° 12′ 50.24″
76° 52′ 24.99″

Owner Coal Company USGS USGS Private USGS USGS
Well use unused observation observation unused observation observation
Date drilled 1999 1967 2008 pre 1980 1971 2001
Well depth (ft) 198 101 142 62 133 202
Casing inside diameter (in.) 6 6.25 6 6 6 6.25
Casing length (ft) 149 25 17 20 19 18

Geologic unit Allegheny 
Formation

Glenshaw 
Formation

Glenshaw 
Formation

Washington 
Formation

Washington 
Formation

Epler 
Formation

Lithology sh/ss/coal sh/md/st ss/sh/coal ss/st/ls ss/st/ls/sh ls
Driller-reported estimates of 

water-yielding zones (gal/min) 
and depth of zone below land 
surface (ft)

2.7 @ 167
0.5 @ 30
4 @ 52
6 @ 67

not reported not reported 2 @ 45
trace @ 120
1 @ 162
2 @ 168

Geophysical logs no yes yes yes yes yes
1An inner plastic 4-in. casing is hanging in the well from about 5 ft below land surface to a depth of 90 ft below land surface.
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Table 2.  Summary of results from multiple specific-capacity tests completed at six low-yielding wells in fractured-bedrock aquifers in 
Pennsylvania.

[min, minute; ft, foot; (gal/min)/ft, gallon per minute per foot; gal/min, gallon per minute; --, no data]

Well Date
Pumping 

rate 
(gal/min)

Duration of  
pumping 

(min)

Drawdown 
at end of 

test 
(ft)

Specific capacity 
[(gal/min)/ft]

Comments
At 60 min At 180 min

At end 
of test

AR 110 05-17-1999 3.5 60 47 0.074 -- 0.074 Historical test. Specific capacity at 49 min = 
0.088 (gal/min)/ft

AR 110 09-01-1999 2.0 60 42 .048 -- .048 Historical test. Specific capacity at 49 min = 
0.088 (gal/min)/ft

AR 110 03-12-2008 2.0 55 63.2 -- -- .032 Specific capacity at 49 min = 
0.035 (gal/min)/ft

AR 110 07-24-2008 2.0 49 62.5 -- -- .032 Pumped until water level reached transducer 
depth.

AR 110 05-27-2009 .88 60 31.1 .028 -- .028 Specific capacity at 49 min = 
0.034 (gal/min)/ft

BV 156 01-29-1969 7.9 60 81 .100 -- .10 Historical test
BV 156 05-21-2008 2.5 69 14.6 .27 -- .17
BV 156 05-21-2008 5.0 180 43.8 .17 0.11 .11 Began pumping 1 hour 47 min after end of 

2.5 gal/min test.
BV 156 07-23-2008 5.0 180 37.8 .19 .13 .13

CA 462 03-11-2008 2.0 180 109.5 .047 .019 .02
CA 462 08-12-2008 2.0 180 89.1 .058 .022 .02
CA 462 05-26-2009 1.0 180 10.7 .12 .099 .10
CA 462 09-21-2009 1.1 180 7.8 .15 .14 .14
CA 462 09-21-2009 4.5 45 89.8 -- -- .050 Began pumping 1 hour after end of 

1.05 gal/min test. Pumped un-
til water level reached transducer 
depth. Estimated specific capacity at 
60 min = 0.01 (gal/min)/ft

GR 541 04-15-1980 .88 130 23.1 .059 -- .038 Historical test
GR 541 07-23-2008 1.5 70 22.3 .096 -- .067 Pumped until water level reached trans-

ducer depth.  Flowmeter malfunc-
tioned, pumping rate from volumetric 
measurements. Specific capacity at 
50 min = 0.10 (gal/min)/ft

GR 541 11-25-2008 1.5 50 16.5 -- -- .091 Pumped until water level reached transducer 
depth.

GR 541 05-28-2009 .57 60 6.1 .094 -- .094 Specific capacity at 50 min = 
0.11 (gal/min)/ft

WS 155 07-01-1971 2.0 90 17 .29 .12 Historical test
WS 155 03-13-2008 2.5 180 17.8 .37 0.14 .14
WS 155 07-22-2008 2.5 180 15.8 .41 0.16 .16
WS 155 05-27-2009 1.0 60 2.9 .34 -- .34
WS 155 05-27-2009 6.0 35 36.5 -- -- .16 Began pumping 60 minutes after end of 

1 gal/min test. Pumped until water level 
reached transducer depth.

YO 1222 08-16-2007 2.0 60 24 .083 -- .083
YO 1222 08-22-2007 6.0 63 1.2 5.1 -- 5.00
YO 1222 03-10-2008 5.0 180 1.2 5.5 4.20 4.20
YO 1222 07-18-2008 2.1 180 17.3 .12 .12 .12
YO 1222 08-07-2008 2.0 240 46.3 .11 .11 .11 Step-drawdown test—60-min steps at 2, 3, 

4, 5 gal/min
YO 1222 09-02-2009 14 22 116.6 -- -- .12 Pumped until water level reached transducer 

depth.
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Water-Level Monitoring

Water levels were monitored with transducers or floats 
with digital encoders to establish the range of water-level 
fluctuation during the study period. Large seasonal water-level 
fluctuations have the potential to cause substantial changes 
in aquifer saturated thickness and, therefore, transmissivity, 
which would directly affect the specific capacity of the well.

Water-level hydrographs for all six wells that were 
pumped during the study are shown in figure 3. Dates at which 
specific-capacity tests were done are noted with a triangle. 

Water-level fluctuations were less than 5 ft during the study 
for all wells except YO 1222. The water level in this well, 
completed in carbonate bedrock, fluctuated about 17 ft during 
the study and had rapid water-level fluctuations in response to 
storms. Seasonal changes ranged from about 2 to 10 percent 
of the saturated thickness of the aquifer open to the wells. The 
general decline in water levels in most of the wells from about 
March through September 2008 was caused by seasonal differ-
ences in groundwater recharge.

Data
Logger Data Logger

Well

FloatWater
Level

Counter
Weight

Pressure
Transducer

Encoder

Water-level monitoring with transducer or float system.
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Figure 3.  Water-level fluctuations and dates of pumping for six low-yielding wells in fractured-bedrock aquifers in Pennsylvania.
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Geophysical Logging

Geophysical and video surveys were completed at the six 
low-yielding wells in fractured-bedrock aquifers to verify well 
and casing diameter, casing length, and to determine the loca-
tion of water-yielding zones. Those water-yielding zones iden-
tified by logging were associated with identified fractures or 
fracture sets in the bedrock. Geophysical logs that were useful 
for identifying water-yielding zones included:  caliper, natural 
gamma, single-point resistance, fluid temperature, and fluid 
resistivity (Keys, 1990). Fluid flow in the well was measured 

by use of a heat-pulse flowmeter, which helped identify the 
major water-yielding zones by comparing vertical flow in the 
well when the well was pumped and when the well was idle 
(Keys, 1990, p. 130). A borehole video survey was completed 
in all wells to investigate the condition of the casing and 
examine possible clogging of water-yielding zones by chemi-
cal precipitates. The major water-yielding zones as determined 
from geophysical logging and driller reports are shown in 
figure 4. Examples of images from the borehole video showing 
fractures intersected by two wells are shown in figure 5.
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Figure 4.  Variation in wellbore diameter (caliper log), range of natural water-level fluctuations 2007–09, and locations of major water-
yielding zones as determined from geophysical logging and driller reports for six low-yielding wells in fractured-bedrock aquifers in 
Pennsylvania.
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Figure 5.  Images from the borehole video log showing fractures intersected by wells BV 156 and YO 1222.
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Specific-Capacity Tests at Six Low-
Yielding Wells in Fractured Bedrock

Well AR 110

Well AR 110 in Armstrong County is completed in frac-
tured shale, sandstone, and coal of the Allegheny Formation 
to a depth of 198 ft (table 1). The geologic log shows that the 
well penetrates disturbed spoil from the mining of the Middle 
Kittanning coal to a depth of 34 ft and the Lower Kittanning 
coal from 74.5–77.5 ft below land surface. The well is cased 
with 6-in. diameter steel casing to 49 ft below land surface, 
and an inner 4-in. diameter plastic liner hangs inside the steel 
casing from 5 to 90 ft below land surface. One zone yielding 
2.7 gal/min of water from gray sandy shale was reported on 
the geologic log at a depth of 167 ft below land surface. The 
static water level in the well was deep—about 110 ft below 
land surface (fig. 3), which allowed about 88 ft of drawdown 
available for testing. Geophysical logging was not done at this 
well for this study.

Three specific-capacity tests were done by USGS at 
well AR 110 during 2008–09. The well was pumped twice at 
2.0 gal/min and once at 0.88 gal/min (table 2). Results also 
were available from two tests completed at rates of 2.0 and 
3.5 gal/min by a coal company in 1999 (Kenneth King, W.D. 
Mohney and Associates, written commun., 2008). The dura-
tions of the pumping were short for those tests, ranging from 
49 to 60 minutes, because the water level in the well declined 
rapidly in response to pumping. Recovery was monitored for 
60 to 120 minutes after each test completed by USGS. Draw-
down and recovery of water levels from each test are shown in 
figure 6A. The change in specific capacity with time for each 
test is shown in figure 6B.

The most striking characteristic of the water-level draw-
down and recovery curves during the specific-capacity tests 

Well

Specific-capacity testing at well AR 110. Photograph by Randall 
Conger, U.S. Geological Survey. 

completed during 2008–09 is that the data plot as straight 
lines on arithmetic axes (fig. 6A). The straight lines indicate 
that drawdown and recovery are proportional to time, and that 
most of the pumped water is derived either from water stored 
in the well and (or) from the aquifer at a rate independent 
of the water level in the well. The straight-line water-level 
decline during the pumping period indicates that the rate of 
withdrawal from wellbore storage was about 1.84 gal/min; 
after pumping ceased, the water-level recovery curve indicates 
a constant inflow of about 0.2 gal/min. Thus, the maximum 
well yield appears to be about only 0.2 gal/min for tests com-
pleted during 2008–09.

The two specific-capacity tests completed about 10 years 
previously in 1999 resulted in less drawdown and more rapid 
recovery than for the tests completed during 2008–09. The 
maximum well yield indicated by these tests is much greater 
than 0.2 gal/min. The static water levels were about 10 ft 
lower in 1999, therefore the greater yield cannot be explained 
by more saturated water-yielding zones connected to the well 
than in 2008–09. One possible explanation for the lower spe-
cific capacity in 2008–09 is that the water-yielding zone noted 
on the geologic log at 167 ft below land surface has become 
clogged during the past 10 years. The video survey was unable 
to identify any obvious fractures at or near the depth of the 
reported water-yielding zone, therefore direct proof of plugged 
fractures could not be verified; however, the water in the well 
bore contained abundant particulate matter that was apparently 
dislodged from the wall of the well, indicating that clogging is 
a possibility.

The change in specific capacity with time for each test is 
shown in figure 6B. The specific-capacity values determined 
from the July 2008 test at 2 gal/min and May 2009 test at 
0.88 gal/min were nearly identical. The March 2008 test com-
pleted at 2 gal/min gives similar values of specific capacity 
toward the end of the test, but deviates substantially during the 
early part of the test, because the pumping rate was initially 
not stable.
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Figure 6  Water level (A) and specific capacity (B) during five specific-capacity tests at well AR 110 in Armstrong 
County, Pennsylvania.
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Well BV 156

Well BV 156 in Beaver County is an observation well, 
maintained and operated by USGS for monitoring drought 
conditions. The well is completed in shale, mudstone, and 
siltstone of the Glenshaw Formation to a depth of 101 ft and 
is cased with 6.25-in. diameter steel casing to 25 ft below land 
surface (table 1). The yields and the depths of the major water-
yielding zones were reported by the driller as 0.5 gal/min at 
30 ft, 4 gal/min at 52 ft, and 6 gal/min at 67 ft (table 1). The 
water-yielding zone at 52 ft corresponds to a fracture shown 
on the video survey at 51 ft below land surface (fig. 5). The 
zone at 67 ft is at a lithologic contact between mudstone 
and siltstone, according to the log of cuttings from the well. 
Geophysical logging indicated a major opening at about 57 ft 
below land surface (fig. 4). The flowmeter survey and tem-
perature log indicated that the most productive water-yielding 
zone was at 30 ft, with additional yield contributed between 
50 and 80 ft below land surface, probably from fractures at 
52 and 67 ft below land surface. The static water level in the 
well was shallow–about 8 ft below land surface (fig. 3), which 
allowed about 93 ft of drawdown available for testing.

Well BV 156 was pumped on two occasions by USGS 
during 2008 (table 2). The well was pumped at 2.5 gal/min 

Specific-capacity testing at well BV 156, inside culvert 
pipe. Photograph by Brad Kuntz, U.S. Geological Survey

for 69 minutes in May 2008, then the rate was increased to 
5 gal/min, but the pump failed after 6 minutes. The water 
level was allowed to recover for 101 minutes then the well 
was pumped again at 5.0 gal/min for 180 minutes. A specific-
capacity test at 5 gal/min was repeated in July 2008. Recovery 
was monitored until the water level had nearly returned to the 
static pre-pumping levels. A 60-minute test also was com-
pleted by USGS in 1969 at a rate of 7.9 gal/min.

Drawdown and recovery of water levels during the four 
tests are shown in figure 7A. The two specific-capacity tests 
completed at 5 gal/min showed similar curves for water-
level drawdown and recovery. Drawdown was nearly steady 
after 69 minutes of pumping at 2.5 gal/min during the test in 
May 2008. The specific-capacity test in 1969 at 7.9 gal/min 
resulted in more drawdown than for the tests completed during 
2008 for this study because of the greater pumping rate. The 
drawdown for the 1969 test stabilized for about 20 minutes at 
a depth of about 57 ft below land surface. This depth corre-
sponds to the depth of the opening shown on the caliper log 
(fig. 4). Possibly, a fracture is connected to a large void in the 
bedrock and this storage is being dewatered during this period, 
after which drawdown increased. The rate of drawdown 
increases after the water level is below this zone, indicating 
that this zone contributes some inflow, although it was not 
identified as a major water-yielding zone during logging. An 
inflection in the water-level curve at this depth can be seen 
during recovery.

The change in specific capacity with time for each test is 
shown in figure 7B. The specific-capacity values determined 
from the pumping at 5 gal/min in the May and July 2008 tests 
were nearly identical. The May 2008 test at 2.5 gal/min gives 
a greater value of specific capacity and nearly reaches equi-
librium. Specific capacity was substantially less for the test 
completed at a rate of 7.9 gal/min. The decrease in specific 
capacity with increased pumping rate could be explained by 
turbulent flow in the aquifer and well, but turbulent flow is 
probably not the major cause. The more likely explanation is 
that the greater pumping rates caused the water level in the 
well to draw down below one or more of the major water-
yielding zones at 30, 52, and 67 ft below land surface, thereby 
reducing the transmissivity of the aquifer near the well. The 
maximum yield for the well based on the tests completed in 
2008 seems to be about 5 gal/min.

Well
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Figure 7. Water level (A) and specific capacity (B) during five specific-capacity tests at well BV 156 in Beaver 
County, Pennsylvania.
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Well CA 462

Well CA 462 in Cambria County is an observation well, 
maintained and operated by USGS for monitoring drought 
conditions. The well is completed in the Glenshaw Formation 
to a depth of 142 ft and cased with 6-in. diameter steel casing 
to 17 ft below land surface (table 1). The log of drill cuttings 
indicated that most of the well was drilled into gray sandstone 
with minor amounts of shale. A coal bed was noted at 27 ft 
below land surface. The depths of the major water-yielding 
zones were not reported by the driller. Geophysical logging 
indicated a fracture at about 37 ft below land surface (fig. 4), 
and the flowmeter survey indicated that most of the water is 
yielded from 17–50 ft below land surface. The static water 
level in the well was shallow—ranging from about 6–10 ft 
below land surface (fig. 3), which allowed about 132 ft of 
drawdown available for testing.

Well CA 462 was pumped on four occasions by USGS 
during 2008–09 (table 2). The well was pumped at 2 gal/min 
for 180 minutes in March and August 2008 and then 
allowed to recover for 120 minutes. The well was pumped at 
1.0 gal/min for 180 minutes in May 2009, and the static water 
level recovered after about 60 minutes. The well was pumped 
at 1.1 gal/min in September 2009, allowed to recover for 
60 minutes, and pumped again at 4.5 gal/min for 45 minutes.

Drawdown and recovery of water levels for the five 
tests are shown in figure 8A. Similar to the results from tests 
at AR 110, drawdown for the tests completed at 2.0 and 
4.5 gal/min plotted as straight lines on arithmetic axes. The 
straight lines show that the water-level change is proportional 
to time, and that most of the pumped water is being derived 
from water stored in the well and (or) water contributed 
from the aquifer at a constant rate. The straight-line water-
level drawdown curves during pumping for the 2 gal/min 
tests starting after about 60 minutes indicate that the rate of 
withdrawal from wellbore storage was about 0.7–0.8 gal/min 

Well

Specific-capacity testing at well CA 462. Photograph by Randall 
Conger, U.S. Geological Survey. 

(assuming a 6-in. diameter well); after cessation of pumping, 
the water-level recovery curves indicate a constant inflow of 
about 1.3 gal/min. The straight-line curves for the 4.5 gal/min 
test indicate a constant inflow of about 1.5 gal/min. Thus, the 
maximum well yield is about 1.3–1.5 gal/min.

Water levels during the 1 gal/min tests in May and 
September 2009 reached an apparent equilibrium after about 
120 minutes of pumping. Straight-line segments of water-
level change observed during the other tests were not seen 
in these tests because the water level did not fall below the 
water-yielding zones from 17–50 ft below land surface. Both 
1 gal/min tests recovered to static water level within an hour 
of the end of pumping. These tests verified that the well had a 
maximum yield of at least 1 gal/min.

The change in specific capacity with time for each test is 
shown in figure 8B. The specific-capacity values determined 
from the pumping at 1.0 gal/min in May and September 2009 
were similar, but not identical. The May and September tests 
reached an apparent equilibrium, but the specific capacity is 
greater for the September 2009 test. Specific capacity was 
substantially less for the tests completed at rates of 2.0 and 
4.5 gal/min. The decrease in specific capacity with increased 
pumping rate could be explained by turbulent flow in the 
aquifer and well, but turbulent flow is probably not the major 
cause. The more likely explanation is that the greater pumping 
rates caused the water level in the well to draw down below 
the water-yielding zones from 17–50 ft below land surface, 
thereby, decreasing the aquifer transmissivity.

The 2 gal/min test completed in August 2008 had a 
greater specific capacity than the test in March 2008, and the 
specific capacity from the 1 gal/min test in September 2009 
was greater than for the test at the similar rate in May 2009. 
The increase indicates that there may have been a slight devel-
opment of the water-yielding fractures each time the well was 
pumped.



Specific-Capacity Tests at Six Low-Yielding Wells in Fractured Bedrock    17

EXPLANATION

EXPLANATION

A

B

20 

40 

60 

80 

100 

120 

De
pt

h 
to

 w
at

er
 b

el
ow

 la
nd

 s
ur

fa
ce

, i
n 

fe
et

  

0.01 

0.10 

1.00 

10.00 

Sp
ec

ifi
c 

ca
pa

ci
ty,

 in
 g

al
lo

ns
 p

er
 m

in
ut

e 
pe

r f
oo

t

0 60 120 180 240 300 360 

Time, in minutes since pumping began 

0 20 40 60 80 100 120 140 160 180 

Time, in minutes since pumping began 

March 2008 (2 gallons per minute) 

August 2008 (2 gallons per minute) 

May 2009 (1 gallon per minute) 

September 2009 (4.5 gallons per minute) 

March 2008 (2 gallons per minute) 

August 2008 (2 gallons per minute) 

May 2009 (1 gallon per minute) 

September 2009 (1.1 gallons per minute) 

September 2009 (4.5 gallons per minute) 

September 2009 (1.1 gallons per minute) 

0 
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Well GR 541

Well GR 541 in Greene County is a privately owned well 
that was used to monitor water levels for a study of groundwa-
ter in Greene County in the 1980s (Stoner and others, 1987), 
and is currently (2009) unused. The well is completed in sand-
stone, siltstone, and limestone of the Washington Formation 
to a depth of 62 ft and cased with 6-in. diameter steel casing 
to 20 ft below land surface (table 1). Limestone was reported 
on the USGS well schedule from 20–23 ft below land surface. 
A driller’s report was not available, but geophysical logging 
indicated considerable variability in well diameter from 6 in. 
to more than 12 in. Major enlargements of the well diameter, 
probably caused by fractures, were detected at depths from 
33–40, 46, and 50 ft below land surface. Flowmeter surveys, 
though not definitive, indicated that water is probably contrib-
uted throughout the saturated thickness of the aquifer, with 
most of the water being yielded less than 50 ft below land 
surface. The static water level in the well ranged from about 
33–36 ft below land surface (fig. 3), which allowed only about 
30 ft of drawdown available for testing.

Well GR 541 was pumped on three occasions by USGS 
during 2008–09 (table 2). The well was pumped at 1.5 gal/min 
until the water level reached the depth of the transducer setting 
in July and November 2008 (after 70 and 50 min of pumping, 
respectively), then was allowed to recover for 120 minutes. 
The well was pumped at 0.57 gal/min for 60 minutes in May 
2009, and recovery was monitored for 60 minutes. Results 
also were available from a test completed by USGS in 1980 
for 130 minutes at 0.88 gal/min.

Drawdown and recovery of water levels for the four tests 
are shown in figure 9A. The curves for the tests completed 
at 1.5 gal/min are complex, showing multiple straight-line 

Well

Specific-capacity testing at well GR 541, near shed. Photograph by 
Randall Conger, U.S. Geological Survey.  

segments of differing slopes. The breaks in slope seem to be 
caused by boundary conditions, but the multiple tests show 
that the breaks are not at the same time after pumping was 
started for each test; rather, the breaks are at the same water-
level depths. The tests are nearly impossible to interpret with-
out knowledge of the well diameter from the caliper log. The 
steepest sections of the curves correspond to smallest diameter 
sections of the well bore from 40–45, 47–49, and 51–53 ft 
below land surface. The flat sections of the water-level curves 
at depths of 46 and 50 ft below land surface correspond to 
depths at which the well intersected enlarged fractures or 
voids. The slope of the drawdown and recovery curves change 
because most of the water being pumped is derived from stor-
age in the well and voids. The voids provide water to the well 
from storage, but have small transmissivity as indicated by the 
slow recovery. The straight-line water-level curves for the last 
straight-line segment during drawdown and first segment of 
recovery from the 1.5 gal/min test in July 2008, indicate a rate 
of constant inflow of about 0.5 gal/min.

Drawdown from the 0.57 gal/min test in May 2009 
did not reach an apparent equilibrium after 60 minutes of 
pumping and the recovery was slow. Probably the maximum 
yield is less than 0.5 gal/min. Data for the test completed in 
April 1980 show that the static water level was about 10 ft 
higher than for the other tests and that the water level stabi-
lized at the same depth (46 ft below land surface) as for the 
other 1.5 gal/min tests.

The change in specific capacity with time for each test 
is shown in figure 9B. The specific-capacity plots for all tests 
completed for this study during 2008–09 were nearly identical, 
indicating that pumping rate did not affect specific capac-
ity; specific capacity of the test completed in April 1980 was 
notably less.
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Figure 9. Water level (A) and specific capacity (B) during five specific-capacity tests at well GR 541 in Greene 
County, Pennsylvania.
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Well WS 155

Well WS 155 in Washington County is an observa-
tion well, maintained and operated by USGS for monitor-
ing drought conditions. The well is completed in sandstone, 
siltstone, limestone, and shale of the Washington Formation to 
a depth of 133 ft and cased with 6-in. diameter steel casing to 
19 ft below land surface (table 1). The driller reported water 
entering the well at 2 gal/min at a depth of 45 ft below land 
surface (table 1). Geophysical logging indicated openings at 
about 67, 80, 100, and 116 ft below land surface (fig. 4), and 
flowmeter surveys indicated that all the water is yielded from 
depths shallower than 48 ft below land surface. The water is 
contributed from sandstone according to the description of 
cuttings from the well. Limestone beds from 30–35, 65–75, 
93–105, 148–150, and 155–160 ft below land surface were 
not reported as water-yielding zones by the driller. The static 
water level in the well ranged from about 35–38 ft below land 
surface (fig. 3), which allowed about 92 ft of drawdown avail-
able for testing.

Well WS 155 was pumped on three occasions by USGS 
during 2008–09 (table 2). The well was pumped at 2.5 gal/min 
for 180 minutes in March and July 2008, and then allowed to 
recover for 120 minutes. The well was pumped at 1.0 gal/min 
in May 2009, allowed to recover for 40 minutes, and pumped 

again at 6.0 gal/min for 35 minutes. A test also was completed 
by USGS in 1971 for 90 minutes at 2.0 gal/min. Although only 
drawdown values were reported from that test, the data are 
plotted on figure 10A assuming that the change in slope of the 
water-level decline is at a depth of 45 ft.

Drawdown and recovery for the five tests are shown 
in figure 10A. The early-time drawdown data for all tests 
show the rate of water-level decline decreasing with time, as 
is characteristic for radial flow to a well. However, in late-
time drawdown (greater than 120 minutes) and early-time 
recovery when the water level was below about 45 ft below 
land surface, the data plot as straight lines on arithmetic 
axes. The straight lines indicate that the water-level change 
is proportional to time, and that the pumped water is being 
derived from water stored in the well and contributed from 
the aquifer at a constant rate, independent of drawdown. The 
drawdown curves plot as straight lines when the water level 
is greater than 45 ft below land surface, which is the depth 
of the only water-yielding zone reported by the driller. When 
the water level is below 45 ft, water cascades into the well 
from the fracture at that depth at a rate independent on the 
water level in the well. The straight-line drawdown segment 
starting after about 140 minutes indicates that the rate of 
withdrawal from wellbore storage was about 0.3 gal/min for 
the 2.5 gal/min test in March 2008 (assuming a 6-in. diameter 
well) during pumping; the recovery curve indicates a constant 
inflow of about 2.4 gal/min after pumping stopped. Thus, the 
straight-line curves for the March 2.5 gal/min test indicate a 
constant inflow of about 2.2 to 2.4 gal/min, which is a reason-
able estimate of the maximum well yield. The slope of the 
straight-line recovery curve indicated a constant inflow of 
3.0 gal/min for the 6 gal/min test. Thus, the yield of the well 
is probably about 2–3 gal/min. Data from the 1 gal/min test in 
May 2009 did not show any straight-line segment of water-
level change as observed in the other tests because the water 
level did not fall below the major water-yielding zone at 45 ft 
below land surface.

The change in specific capacity with time for each of the 
five tests is shown in figure 10B. The specific-capacity values 
for all tests compare closely until the water level drops below 
45 ft below land surface. At that point, the rate of change 
for specific capacity with time increases because the rate 
of change in drawdown has changed (fig. 10A). Therefore, 
specific capacity is not dependent on pumping rate for tests 
completed when the water level is less than 45 ft below land 
surface. The pumping rate affects specific capacity, but not 
because of head losses caused by turbulent flow. Instead, the 
key factor is the depth of the major water-yielding zone with 
respect to the water level in the well.

Well

Specific-capacity testing at well WS 155,  inside culvert pipe. 
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Tests Show Differing Effects of Pumping Rate on 
Specific Capacity

Specific-capacity values from multiple tests are compared 
for the same duration of pumping (60 minutes for most wells) 
in figure 18. Values from tests completed at the same (or 
nearly same) pumping rate all differed by less than 36 percent, 
and generally agreed within about 20 percent (table 4). When 
tested at greater rates, specific-capacity values compared 
closely at wells AR 110, GR 541, and WS 155, decreased 
substantially at wells BV 156 and CA 462, and increased by 
a factor of about 50 at well YO 1222 (table 5). Details about 
the change in specific capacity with time during each test are 
illustrated in figures 6B–11B.

Specific-capacity values after 49 minutes of pumping for 
two tests completed at 2 gal/min and one test at 0.88 gal/min 
for well AR 110 compare within about 9 percent of the mean 
value (table 4 and fig. 18), showing that results from tests 
completed at the same rate and duration are reproducible to 
that extent and that differing pumping rates did not affect spe-
cific capacity. The specific-capacity value from the historical 
test completed in 1999 at 3.5 gal/min was substantially greater 
than for tests completed during 2008–09. The smaller specific-
capacity values from the more recent tests may be the result of 
clogging of water-yielding fractures over time.

Specific-capacity values for well BV 156 after 60 minutes 
of pumping for two tests completed at 5 gal/min compare 
within 11 percent of the mean value (table 4 and fig. 18), 
showing that tests completed at the same rate and duration are 
reproducible to that extent. The substantially larger specific-
capacity value for the 2.5 gal/min test and smaller value for 
the 7.9 gal/min test indicate that pumping rate does substan-
tially affect specific capacity. The effect could be caused by 
turbulent head losses but is more likely caused by dewatering 
of shallow water-yielding fractures (causing a decrease in 
transmissivity) as the pumping rate is increased.

Specific capacity for well CA 462 after 60 minutes of 
pumping compares reasonably well (about 20 percent of the 
mean value) for tests completed at the same rate (either 1 
or 2 gal/min) (table 4 and fig. 18), showing that tests com-
pleted at the same rate and duration are reproducible to that 
extent. The subsequent test had the greater specific capacity 
for the tests repeated at the same rate, which may indicate 
a slight development of the well during each successive 

test. The decrease in specific-capacity values for tests com-
pleted at increasing rates from 1.0 to 4.5 gal/min indicates 
that pumping rate does substantially affect specific capac-
ity. The higher pumping rates caused dewatering of the 
water-yielding zone from 20–50 ft below land surface, causing 
a decrease in transmissivity.

Specific capacity for well GR 541 after 50 minutes of 
pumping compares within about 9 percent of the mean value 
for the two tests completed at 1.5 gal/min (table 4 and fig. 18), 
showing that tests completed at the same rate and duration 
are reproducible to that extent. Specific capacity was only 
13 percent smaller for the tests completed at 1.5 gal/min than 
for a test completed at 0.57 gal/min (table 5), showing that 
pumping rate does not have much effect on specific capac-
ity. The smaller specific-capacity value for the historical test 
completed in 1980 may indicate the well/aquifer connection 
has changed.

Specific-capacity values for well WS 155 after 
60 minutes of pumping for two tests completed at 2.5 gal/min 
compare within 10 percent of the mean value, showing that 
tests completed at the same rate and duration are reproduc-
ible to that extent (table 4 and fig. 18). The specific-capacity 
value for the 2.5 gal/min test is 15 percent larger than for the 
1.0 gal/min tests, indicating that pumping rate does not greatly 
affect specific capacity at these rates. How a lesser pumping 
rate could result in the smaller specific-capacity value is diffi-
cult to understand, so other factors such as measurement error 
may be involved.

Specific-capacity values for well YO 1222 are similar 
for tests conducted at similar rates (fig. 18 and table 4) but 
greatly different for tests completed at different pumping rates 
(fig. 18 and table 5). Specific-capacity values after 60 min-
utes of pumping for two tests completed at 5 and 6 gal/min 
compare within 8 percent of the mean value and three tests 
completed at 2.0–2.1 gal/min compare within 36 percent of the 
mean value (table 4), showing that tests completed at the same 
rate and duration can be reproduced to that degree. However, 
the specific-capacity values for the 5 to 6 gal/min tests are 
about 60 times greater than those values for tests completed 
at 2 gal/min (table 5). This difference seems to be caused by 
differences in pumping rate, but rate is not the major control. 
The large specific-capacity values are seen when the well is 
pumped during periods when the water level in the well is 
above the major water-yielding fractures at 27 ft below land 
surface, which greatly increase the aquifer transmissivity.
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Summary
Pennsylvania Department of Environmental Protection 

(PaDEP) regulations require the mining company to restore or 
replace the water supply if a mining company diminishes the 
yield of a well to the point where the well is no longer ade-
quate for the purposes served. PaDEP typically has used the 
specific-capacity test to determine mining effects on domestic-
supply wells and to verify that replacement wells (if needed) 
have adequate yields. Factors other than mining can affect the 
results of specific-capacity tests, but the importance of those 
effects is not well understood, particularly with low-yielding 
wells in fractured-bedrock aquifers.

This report, by the U.S. Geological Survey, in coopera-
tion with the PaDEP, Bureau of Mining and Reclamation, 
evaluates factors affecting the reproducibility and application 
of specific-capacity tests in six low-yielding water wells in 
Pennsylvania. The wells were completed in fractured-bedrock 
aquifers in mining areas—five in siliciclastic rocks of Pennsyl-
vania and Permian age in the bituminous coal fields of western 
Pennsylvania, and one in limestone of Cambrian age in south-
central Pennsylvania that are quarried for several industrial 
uses. Factors affecting specific capacity such as pumping rate, 
duration of pumping, aquifer properties, wellbore storage, 
and turbulent-flow well losses were assessed by theoretical 
analysis and by completing multiple tests. Specific-capacity 
tests, lasting from 22 to 240 minutes, were completed 24 times 
at the 6 wells during 2007–09 and data were available from 
5 tests completed on four of the wells prior to this study. In 
addition to pumping each well, video surveys were completed 
in each well and geophysical logging was done in five of six 
wells to determine the depth, casing length, and location of 
water-yielding zones; and seasonal water-level changes were 
measured by continuous monitoring at each well.

Specific-capacity values were reproducible at the same 
well within about ± 20 percent if the values were derived 
from tests completed at the same pumping duration and 
rate. The tests showed that unless the water level in the well 
reaches equilibrium, specific capacity will decrease with 
time. Specific-capacity values computed after 180 minutes of 
pumping decreased as much as 62 percent compared to the 
value after 60 minutes. Tests completed at different pumping 
rates (from about 1 to 6 gal/min) compared closely unless the 
larger pumping rate caused the water level in the well to fall 
below a major water-yielding zone. Turbulent flow during the 
tests did not seem to substantially affect specific capacity at 
the rates tested.

The depth to water in the well relative to the major water-
yielding zones was a major control on the reproducibility of 
specific-capacity tests. The most productive water-yielding 
fractures tend to be shallow in stress-relief fractured bedrock, 
so natural water-level fluctuations or pumping can cause large 
changes in specific capacity when the water level is drawn 
below a major water-yielding zone. At well YO 1222, specific-
capacity was about 50 times larger when the water level was 

above a major water-yielding zone 27 feet below land surface 
than when the water was below this level. During pumping 
tests at high rates in wells BV 156, CA 462, and WS 155, 
the water level dropped below major water-yielding zones, 
causing specific-capacity values to be smaller by as much as 
63 percent compared to tests at the same wells completed at 
pumping rates that allowed the water level to remain above the 
major water-yielding zone.

Water-yielding fractures in wells that are not frequently 
pumped may become clogged over time, thereby reducing the 
specific capacity of the well. Thus, specific-capacity values 
from historical tests may not be valid for evaluating mining 
effects if specific capacity has been reduced by plugging. 
Whether the smaller specific-capacity values from this study 
compared to historical tests at AR 110 have been affected by 
plugging or mining is unclear. The opposite effect, increases 
in specific yield, as shown in successive tests at CA 462, 
indicate a development of water-yielding fractures (unplug-
ging) by pumping.

Pre- and post-mining specific-capacity tests on low-yield-
ing wells in fractured-bedrock aquifers will be most compa-
rable if the tests have been completed at the same pumping 
rate and duration. Ideally, pumping is held steady and the 
rate is carefully monitored. Interpretation of the tests will be 
facilitated if the depths of the major water-yielding zones are 
known and the tests are completed when water levels are at 
similar depths with respect to those zones.

Estimates of well yield determined by multiplying 
specific capacity by the available drawdown are likely to be 
too large when computed from tests completed at low rates 
that do not cause much water-level drawdown. Therefore, the 
effects of dewatering the shallow water-yielding zones do not 
become incorporated in the yield estimate. A better approach 
for estimating yield is to complete a step-drawdown test or 
over-pump at a constant rate until the water in the wellbore is 
nearly evacuated. The maximum well yield can be estimated 
from the rate of water-level recovery on the straight-line plot 
of water-level recovery when plotted on arithmetic axes or by 
subtracting the percentage of incremental wellbore storage at 
the end of the test from the pumping rate.
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