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1 Purpose

The purpose of this environmental calculation brief is to present the analysis of well development data at
several wells in the Hanford 100 Area. Well development data sets for more than 500 wells were provided
by CH2M HILL Plateau Remediation Company (CHPRC) (CHPRC, 2013, Well Developm  Data).

After reviewing the data sets provided, data from 71 wells were identified as suitable for detailed
assessment using methods developed specifically for drawdown and recovery data analysis. T e 71
wells were selected based on the duration and quality of the pumping history and the quality of the
drawdown/recovery responses. Estimates of aquifer transmissivity and hydraulic conductivity were then
developed for these wells using one or a variety of methods described in this brief. Data sets for an
additional 120 wells were considered unsuitable for analysis using methods developed specifically for
drawdown and recovery analysis because of noisy pumping/drawdown/recovery responses but suitable
for estimation of specific capacity (SC). Estimates of aquifer transmissivity were also developed for these
120 wells based on the1  hodology described in Appendix A.
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gpm/ft to m*/day/m of drawdown by multiplying by the conversion factor (5.45099/0.3048). First-cut
estimates of the corresponding aquifer transmissivity, in units of m?/d, were then developed by
multiplying the SC estimate by a factor of 1.3, following the approach described in Appendix A.
These calculations were performed using 2013 Microsoft Excel®, Version 15.0.4675.1003.

2.2 Theis Drawdown Data Analysis as Modified by Hantush (1961)

The Theis, 1952, “The Relation Between the Lowering of the Piezometric Surface and the Rate and
Duration of Discharge of a Well Using Ground-Water Storage,” nonequilibrium solution for fully
penetrating pumping wells in nonleaky confined aquifers was extended by Hantush, 1961, “Drawdown
Around a Partially Penetrating Well,” for partially penetrating wells. In this solution, drawdown is a
function of aquifer transmissivity (T), storage coefficient (S), and hydraulic conductivity anisotropy ratio
(K/K,), where K. is the vertical hydraulic conductivity and K is the horizontal hydraulic conductivity.
Best fit values for these aquifer parameters are estimated by visually adjusting the values, so that the
calculated drawdown matches the observations to the extent possible.

2.3 Cooper-Jacob Drawdown Data Analysis

« ue Cooper-Jacob, 1953, “A Generalized Graphical Method for Evaluating Formation Constants and
Summarizing Well-Field History,” solution is an approximation of the Theis nonequilibrium solution for
nonleaky confined aquifers. In the Cooper-Jacob method, drawdown data (signified by s) are plotted
against the logarithm of the time elapsed since the commencement of pumping. A straight line is fit to the
later portion of the drawdown data: aquifer transmissivity is inversely proportional to the slope of the
straight line, and the storage coefficient is directly proportional to the x-intercept of the straight line.

The Cooper-Jacob straight line should be fit to the portion of the drawdown data where the drawdown
response is representative of the response of the aquifer and not wellbore storage change. Mathematically,

, %S(t), of the drawdown with respect to the logarithm of
elapsed time (In(t)) is constant. The drawdown derivative has been added to the Cooper-Jacob plots
presented in this brief to assist in identifying the appropriate portion of the response for analysis.

this is the portion of the data where the derivative

2.4 Theis Recovery Data Analysis

Recovery data are analyzed using the straight line solution proposed by Theis. In this method, recovery
data are plotted on a semilog plot. The recovery data (i.e., residual drawdown, s) at time (t) are plotted
against t/(t-tof), where t is the time elapsed since pumping commenced and torris the time at which
pumping ceased (i.e., start of recovery period). A straight line is fit through the later part of the recovery
data, and transmissivity is estimated from the slope of the straight line. The x-intercept of the straight line
is equal to the ratio of the storage coefficient during pumping to the storage coefficient during recovery.
For ideal conditions, the straight line through the late-time recovery data should project back to zero
drawdown as t/(t-t.s) approaches a value of 1 and the ratio of storage coefficients should equal 1. In some
cases, a negative y-intercept is obtained, indicating that complete recovery is achieved earlier than the
ideal response. In other cases, a positive y-intercept is obtained, indicating that the water level in the well
never recovers to the original water level. Deviations from ideal conditions can be very diagnostic: in the
case of premature recovery, the response suggests that the drawdown cone is replenished by a source of
water in addition to confined storage. For example, this response may be observed in a well that is
adjacent to surface water. In the case of permanent drawdown, the response suggests that the drawdown

® Excel is a registered trademark of Microsoft Corporation, Redmond, Washington.
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cone will only be replenished through slow recharge or leakage across confining units. Further diagnoses
of the departures from ideal conditions were not possible within the scope of this calculation brief.

2.5 Papadopulos and Cooper (1967) Drawdown Data Analysis

Papadopul and Cooper, 1967, “Drawdown in a Well of Large Diameter,” solution is another
method for estimating transmissivity and the storage coefficient of non-leaky confined aquifers.
In ntrast with the Theis method and its Cooper-Jacob approximation, which each assume that the
pumped well is a zero diameter perfect line sink (or source), the Papadopulos-Cooper meth
accounts for wellbore storage within a large diameter (finite-diameter) pumped well. Obtai
for a - parameters using the Papadopulos-Cooper analysis involves matching a calculated so
draw | data measured during pumping.
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3 Assumptions and Inputs

The following assumptions are made in the calculation of SC and estimation of the
corresponding transmissivity:

e The well has been pumped sufficiently long enough for well bore storage effects to dissipate and
drawdown to stabilize. For wells where the drawdown did not stabilize, a conservative estimate of
drawdown was used for calculating SC.

e In estimating transmissivity from SC, it is assumed that the only source of drawdown is head losses in
the aquifer formation. All other possible sources of drawdown (e.g., skin losses, nonlinear head losses
in the well, turbulent head losses in the aquifer formation, and partial penetration effects)
are neglected.

The following assumptions apply to use of the Theis (drawdown and recovery), Cooper-Jacob
(drav  vn), and Papadopul | Cooper (draw  vn) analyt utions:

¢ The aquifer is confined, has an infinite areal extent, and is homogeneous, isotropic, and of
uniform thickness.

¢ The pumping well is fully screened in the aquifer, and the pumping rate is constant for the duration of
the test. Additionally, the flow to the pumping well is horizontal and unsteady (transient).

e The Papadopulos and Cooper solution does not neglect the well diameter and accounts for wellbore
storage. The other three analytical solutions assume that the diameter of the pumping well is small
enough to neglect wellbore storage.

e Water is released instantaneously from storage with a decline in hydraulic head.

e The background hydraulic head is known everywhere prior to the start of pumping, and there are no
variations in water levels that are not due to the pumping well.

e The Cooper-Jacob drawdown analysis requires the analytical solution to be fit to the portion of the
drawdown responses caused only by the aquifer.

¢ The Theis recovery and Cooper-Jacob drawdown solutions assume that the well radius is very small
compared to the time of interest.

e In applying analytical solutions developed for wells in confined aquifers to wells screened in the
unconfined aquifer, it is assumed that flow to the well is horizontal, and pumping at the well does not
lower the water table. These assumptions are reasonable because most of the pumping tests lasted
only a few hours and did not cause significant drops in the water table.

In recognition that the aquifer parameter estimates obtained from the well development data sets are
approximations, subject to the assumptions listed above and other deviations from ideal conditions,
precision of the parameter estimates is generally reduced to two significant figures for reporting purposes.

3-1






B N =

— O O ~ (9]

p—t

13
14

15
16

17

18
19

20
21

22

23
24

ECF-HANFORD-15-0040, REV. 0

4 Software Applications, Descriptions, Installation and Checkout,
and Statements of Validity

Software packages that were used to perform the calculations in this report are described in the
following sections.

41 AQTESOLYV (Calculation Software)

4.2

Software title is AQTESOLYV by HydroSolve Inc. for design and analysis of
aquifer tests in confined, unconfined, leaky, and fracturea aquirers.

Software version is 4.5 for Windows; Hanford Information System Inventory identification number
3219.

The AQTESOLYV code has been graded as Level D software in accordance with PRC-PRO-IRM-309,
ntrolled Software Management.

AQTESOLYV is not designated as a Safety System Software. Use of this software was consistent with
its purpose, within its limitations, and valid as an application of AQTESOLYV consistent with the
functional requirements identified in CHPRC-01814, AQTESOLV(TM) Software Management Plan.

Workstation type and property number used to run software were S.S. Papadopulos and Associates,
Inc. (FE483).

Excel 2013 (Calculation Software)

Software title is Excel 2013 spreadsheet software by Microsoft Inc.
Software version is 2013 (15.0.4675.1003) for Windows.

The software was consistent with its intended use for, and is a valid use of this software for, the
problem addressed in this application.

The software was used within its limitations.

Workstation type and property number used to run software were S.S. Papadopulos and Associates,
Inc. (FE483).
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Well Development at 199-D4-39
Drawdawn - 3/29/2000

very
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Figure 5-15. Drawdown and Recovery Data at 199-D4-39

5.9.1 Summary of Available Data

The well was developed on March 6, 2001. The well was initially pumped at 35 gpm for about 10
minutes, then reduced to 30 gpm for 51 minutes of pumping. The pump was then stopped, and the water
level in the well was allowed to recover. The water level in the well was monitored during the drawdown
and recovery period. Observation wells D4-40 and D4-42 were also monitored during the event. Changes
in the water level with time are shown in Figures 5-17 and 5-18.

59.2 Analysis

Consistent transmissivity estimates are obtained with Cooper-Jacob analysis of the drawdown data and
the Theis recovery analysis. A transmissiv ' of 640 m?/d is estimated as shown in Figure 5-19.

The derivative of the drawdown with respect to time, ds/dIn(t), is shown at the bottom of Figure 5-19.
The Cooper-Jacob analysis is applied over the period where the derivative flattens, confirming that the
Cooper-Jacob straight line is fit to the portion of the drawdown responses caused only by the aquifer.
The unrealistically small storage coefficient (S) is caused by wellbore storage effects lasting for

several minutes.

5.10 Analysis of Well Development Data at Well 199-D4-62

Drawdown and recovery data for the well development test were received from CHPRC in the Excel file
C3292 WD _199-D4-62_2001-06-26.xls.
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Figure 5-20. Drawdown and Recovery Data at 199-D4-62
5.11.2 Analysis

A transmissivity estimate of 350 m?/d is obtained from the Cooper-Jacob analysis of the third drawdown
interval. A plot of the Cooper-Jacob analysis for the drawdown test is shown in Figure 5-24.

The derivative of the drawdown with respect to time, ds/adIn(t), is shown at the bottom.

The Cooper-Jacob analysis is applied over the period where the derivative flattens, confirming that the
Cooper-Jacob straight line is fit to the portion of the drawdown responses caused only by the aquifer.
The unrealistically small storage coefficient (S) is caused by wellbore storage effects lasting for several
minutes. Since the well recovered faster than expected, the recovery based estimate was not considered.

5.12 Analysis of Well Development Data at Well 199-D4-71

Drawdown and recovery data for the well development test were received from CHPRC in the Excel file
C3301_WD _199-D4-71 2002-02-26.xls.

5.12.1 Summary of available data

The well was developed on February 26, 2002, The well was initially pumped at 31 gpm for about

54 minutes. The pump was then stopped, and the water level in the well was allowed to recover.

The water level in the well was monitored during the drawdown and recovery period, and changes in the
water level with time are shown in Figure 5-25.

5.12.2 Analysis

The match of the Theis solution to the drawdown data and a Cooper-Jacob straight-line analysis yields
similar transmissivity estimates. A transmissivity estimate of 400 m?/d is computed from the arithmetic
average of the Theis and Cooper-Jacob fits to the drawdown data. The analyses are presented in
Figures 5-26 and 5-27. Recovery data are not analyzed because the well recovers to a water level much
higher than the initial water level.
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