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approximation, a well that has been pumped for a sufficient length of time to meet the u<0.01
criterion should display drawdown (s,) proportional to the flow rate. This can be expressed as

s, = BQ

where B is the proportionality constant. However, turbulent flow at the well causes drawdown to
deviate from this  ationship because Darcy's Law does not apply. Jacob (1946) proposed the
following relationship to describe drawdown in this case

s, = BQ + CQ’
where C is a coefficient describing the effect of turbulent flow.

Bierschenk (1964) developed a method of determining the B and C coefficients by plotting specific
capacity (s,/Q) versus Q and fitting a straight line to the data. The coefficients are then determined by
dividing the equation above by Q to obtain

s./JQ=B + CQ

The slope of the fitted line ist  turbulent flow coefficient and the intercept is the  inar flow
coefficient.

After the B and C parameters have been determined, drawdown data at the pumping well car e
corrected for the effect of turbulence by subtracting CQ*. However, it should be noted that a signifi-
cant portion of friction loss at the pumping well may also be caused by laminar flow that is not
accounted for by this procedure (Driscoll 1986).

Drawdown data during the second and later steps of the test are affected by earlier steps and cannot
generally be analyzed for hydraulic properties by directly applying constant-rate analysis techniques.
However, Agarwal (1980) presented an equivalent time function based on the principle of superpos n
that normal 5 drawdown data from later steps. A plot of step drawdown versus Agarwal equivalent
time is identical to a plot of constant-rate drawdown versus time (for the step) for a constant discharge
rate equal to the rate change at the beginning of the step.

A.4 Analysis and esults for Well 699-S19-11

Well 699-S19-11 is comp | with 6-in. (15.2 cm) inside diameter steel casing rforated over the
depth interval 28.7 - 35.0 m. __.e depth to water is approximately 27.6 Over the pe  1ted
interval, the aquifer is composed of gravel and cobbles to sand and gravel. The well partially
penetrates the aquifer and the aquifer thickness is unknown.

Prior 1o conducting the constant-rate test, water levels were monitored for more than three days.
Figure A.3 shows the change  water level during this period compared to the change in barometric
pressure. These pre-test data were used to determine the influence of barometric pressure on the water
level and to determine if any long-term water-level trends were present. The Clark (1967) method was

























perforated depths and the condition of these wells. Well A was originally drilled about 3 m into basalt.
However, the bottom part of the well is filled and a screen has been placed inside the perforated casing.
Well A is used for annual ground-water sampling and is known to produce very little water. It is
rapidly dewatered when pumped at less than 20 L/min and takes several hours to recover. The other
wells at this location produce more water. Well B was pumped at 166 L/min and showed less than

6.5 m drawdown. It is not known whether the difference in behavior of the wells is caused by forma-
tion heterogeneity or well completion problems.

Water levels were monitored at each of the wells for over 6 days prior to ¢ lucting the pumping
test. Figures A.9 through A.11 show the change in water levels at each of the wells during this period
compared to the change in barometric pressure. Barometric efficiencies of 0.19, 0.19, and 0.22 were
calculated for wells A, B, and C, respectively, by applying the Clark (1967) method. Barometric
pressure changes did not significantly affect water-levels in any of the wells during the test. A slight
upward trends appears in the pre-test data for well A (Figure A.9). However, it was too I to affect
the test results and was not removed. The pre-test data for well C show a downward trend of
0.0094 m/d, which appears to be a result of instrument drift because the trend was not observed in
e-tape measurements. This trend was removed from the test data prior to analysis.

A constant-rate discharge test was conducted at well B for 2790 min during July 6-8, 1994. The
average pumping rate was 166 L/min. Water level responses were measured at the observation wells
during pumping. Recovery data was not analyzable because of an apparent leak in the pump foot-
valve. Water leaking back into the well caused an anomalous response.

A log-log diagnostic plot of drawdown and derivative data for well A is shown in Figure A.12.
The derivative shows a dip at about 500 min that corresponds to a change in slope on the semilog data
plot (Figure A.13). The data from about 500 to 1300 min are near a straight line on the semilog plot,
although the derivative fluctuates. The derivative then shows a sharp decrease that may reflect flow-
rate changes at the pumping well. Data between 500 and 1300 min were analyzed using the semilog
straight-line technique (Figure A.13). The resulting transmissivity value was 670 m?/d. However, it is
not clear that this is the best data range to analyze.

«».€ loo-log plot of drawdown an¢ * ivative for the pumping well (well B) is shown in Fig-
ure A.14. ..ederivativesl = javal  hatisc s ofde derivative
then continues to increase, although it is noisy, and does not display the vative that

would indicate infinite-acting radial flow. This derivative pattern could be causea py emner the ly
part of the third segment of delayed yield, before radial flow conditions are achieved, or by an imper-
meable boundary effect. Because of the lack of radial flow conditions, as indicated by the changing
derivative, analysis using the semilog straight-line technique is not valid and was not attempted.

A log-log diagnostic plot of drawdc . and derivative data for well C is shown in Figure A.15.
The derivative shows a similar pattern to that for well B and radial flow conditions are not indicated.
Therefore, analysis using the semilog straight-line technique is also not ' *'d for well C.

Figure A.16 shows a composite plot of the drawdown data for all three wells. The data are plotted
versus the parameter t/r’ to normalize for differences in well radius. According to the Neuman (1975)
equations, the well responses should fall on different B curves, which converge at late time.

Drawdown at the pumping well, well B, is about an order of magnitude greater than would be indicated
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