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1.0 INTRODUCTION

This report presents Terra Therma's review of the BWIP document entitled
wGroundwater Drawdown as a Factor in Long Term Repository Performance
Assessment* by T. LeGore and R.C. Arnett (BWI-TA-020; January, 1987). The BWIP
document presents a numerical modeling study which was used to evaluate aquifer
depressurization during repository operations and repressurization after
closure through the use of an extensive wellfield within the RRL. These
effects are of interest because it could take a potentially significant period
of time for hydraulic heads within the RRL to return to their original heads

<_J after closing the repository. Such repressurization is necessary before it is
hydraulically possible to transport radionuclides from the repository to the
accessible environment. Thus, repressurization is viewed as a mechanism which
could potentially delay radionuclide migration from the repository after
closure.

1.1 SIGNIFICANCE TO LICENSING

The significance of this matter for licensing is potentially great. If the
period of time required to dissipate the cone of depression around the
repository is large when compared with the 10,000 year containment period, then
the EPA Standard articulated in 40-CFR-191 might be substantially met simply by
virtue of the associated delay in radionuclide migration from the repository.
In addition, even if the repressurization period is significant compared to
say, one thousand years, it is conceivable that this mechanism might
substantially meet the of Individual Protection Requirements under the EPA
Standard.

Terra Therma, Inc.
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2.0 DOCUMENT SUMARY

The BWIP document considers only one aspect of the radionuclide migration
problem, the repressurization of aquifers after permanent closure. It is
assumed that permanent closure (and repressurization) takes place after
groundwater pumping for a period of 60 years. The wellfield is designed as a
ring of 12 production wells, surrounding the repository, which are completed in
both the Cohassett and Birkett Interflows. The evaluation considers the
following two scenarios:

o Groundwater is pumped from the wellfield at a constant rate of 240
gallons per minute (gpm) for sixty years, followed by recovery.

o The ring of wells is replaced by a zero pressure head boundary
condition for a period of 60 years, followed by recovery.

The second scenario is probably more realistic because underground workings
will be maintained at zero pressure (i.e., will be dewatered) during repository
operation. Analyses in the BWIP document ignore the potentially significant
period of time required for flooding of the repository void space after
closure.

The evaluation is performed using a multiple layer, groundwater numerical
model. The layering consists of transmissive basalt interflows situated
between flow interiors of relatively low vertical hydraulic conductivity.

i_> Sequences of flows along the top and bottom of the flow system are treated as
composite units with equivalent horizontal and vertical hydraulic properties.
The top and bottom of the layered sequence are modeled as no-flow (impermeable)
boundaries. The west, north, and south boundaries of the model conform
approximately to the Yakima Barrier, Gable Mountain - Butte anticline, and
Yakima Ridge anticline, respectively. The east boundary is placed at a
sufficient distance from the RRL to constitute an essentially Infinite
boundary. In all modeling runs, the west boundary of the model (Yakima
Barrier) is treated as an essentially no-flow boundary. Due to uncertainties
in site hydrogeology, the following two cases are considered for the north and
south boundaries of the model:

Case 1. Gable Mountain - Butte and Yakima Ridge anticlines are modeled as
constant head boundaries.

Case 2. Gable Mountain - Butte and Yakima Ridge anticlines are modeled as
no-flow boundaries.

The authors feel that Cases 1 and 2 represent scenarios which respectively
minimize and maximize the time required for hydraulic recovery, thereby
bounding the problem.

Terra Therna, Inc.



BVIP DOCtUET REVIEW: BI-TA-020 -3- M arch, 1987
BWIP DOCUIENT REVIEU: BWI-TA-020 -3- March, 1981

The authors consider that essentially complete repressurization has occurred
when hydraulic heads in the center of the RRL are within 10 meters of the
static (pre-pumping) hydraulic head. The analysis presented in the BWIP
document concludes that repressurization of the aquifer takes from 60 to
approximately 600 years as determined from Cases 1 and 2, respectively. The
authors' interpretation of this result is that recovery times are nsignificant
compared to the 10,000 year performance period, and therefore, repressurization
should not be considered further as a significant mechanism in performance
modeling of the site.

Terra Therma, Inc.
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3.0 GENERAL OMMUENTS

Terra Therma's general evaluation of the report is that it is an analysis which
has been performed to look at this specific matter. While the formulation of
the model is relatively simple, the actual analyses appear to have been
sufficiently complex to set up and expensive to run that only a limited number
of runs were undertaken. This appears to have the effect of reducing the
number of cases that were considered, which in turn seems to have required the
authors of the paper to make a number of judgments which could easily have been
checked had further computations been performed.

3.1 REGULATORY CONCERNS

Terra Therma's fundamental regulatory criticism of the BWIP document is that it
fails to take account of the fact that total radiological activity of the waste
drops dramatically early in the life of the waste, so early containment may be
particularly important to the performance of the repository. Accordingly, one
of the benefits that repressurization may bestow is to reduce uncertainty about
early escape through rapid pathways of very high activity leachates from
possible failures of the repository system. It is Terra Therma's contention
that merely comparing the time for repressurization against the 10,000 year
period over which all releases must be integrated is an invalid criterion
against which to judge whether or not this mechanism has a significant
influence on radionuclide release.

Furthermore, post-closure repressurization may have a strong influence on the
Individual Protection Requirement of the EPA Standard. This requirement is
Judged over a period of one thousand years, and if releases can be delayed for
say 500 years, this would be a very substantial step towards guaranteeing
satisfaction of the individual protection standards without further
consideration of far-field hydrology. Accordingly, from the NRC's point of
view, the conclusion drawn by LeGore and Arnett appears to Terra Therma to be
both premature and to overlook very substantial benefits that repressurization
may bestow in terms of the safety of the overall system.

3.2 TECHNICAL CONCERNS

A major technical concern is the credibility of the actual analysis itself.
The report starts by stating that it was the intention of the study to perform
an analysis which would maximize the duration of the hypothetical sink." The
reason given for this is that mif the duration of the sink is not significant

Terra Therma, Inc.
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with the conceptual model used, it is less likely that the other conceptual
models under onsideration would yield a longer duration." However, the report
itself essentially provides a bounded best estimate of recovery time, rather
than the maximum which is claimed. The BWIP document provides little
discussion of conservativeness of assumptions adopted in the numerical model.
Furthermore, the analyses did not appear to actually produce the results which
are required for the conclusions. A case in point is the recovery response to
pumping under Case 2. This simulation is performed for a post-closure period
of about 80 years. However, to estimate the time required for complete
recovery, the results of this run are extrapolated to 600 years. Given the
logarithmic nature of hydraulic recovery, this seems an unreasonable technical
approach.

In the case of the pumped evaluations, it seems clear that the pumping wells
for Case 2 were switched on with too much flow, so that in Figure 4.2, the
drawdowns in pumping wells after 60 years would actually have exceeded the
amount of drawdown that was available. With either constant drawdown pumping
wells (which would seem operationally reasonable), or alternatively with a
different wellfield discharge rate, it should be possible to attain a more
reasonable well drawdown at the end of the life of the facility. As a result
of these shortcomings it is difficult to completely support the credibility of
the analysis as presented. It is Terra Therma's opinion that Case 2 should be
re-analyzed.

3.2.1 Independent Analysis

Terra Therma has performed an independent analysis of hydraulic recovery based
on the modified Hantush (1960) leaky aquifer solution and superposition of
image wells. Details of this analysis is presented in the Appendix. The main
differences between the analytical model considered by Terra Therma and DOE's
numerical model are as follows:

o The analytical model considers that two extensive aquitards exist above
and below the pumped aquifer, while the DOE model incorporates layered
and/or composite units.

o The analytical model assumes that boundaries at the top and bottom of
the flow system are maintained at constant head (zero drawdown), while
the DOE numerical model specifies no-flow (impermeable) boundaries.
Terra Therma considers a constant head boundary at the top of the flow
system to be reasonable due to the presence of high transmissivity
interflows existing n Wanapum Basalts.

o Through the use of image wells, the analytical model considers a semi-
infinite lateral flow region with the Yakima Barrier represented as a
no-flow boundary. The DOE model incorporates multiple hydrologic
boundaries to represent the Yakima Barrier, Gable Mountain - Butte
anticline, and Yakima Ridge anticline.

Terra Therma, Inc.
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The Terra Therma model assumes that the two aquitards above and below the
pumped aquifer have identical properties and thicknesses. Two cases are
considered:

Case A. Aquitard thickness of 200 meters. This places a constant head
boundary at the base of the Frenchman Springs.

Case B. Aquitard thickness equals 400 meters. This results in a constant
head boundary in the Priest Rapids.

Recovery plots for Case A and Case B are shown in Figures 3 and 4 of the
Appendix, respectively. For Case A, the recovery time is about 7.6 years. As
expected, the larger aquitard thickness assumed in Case B results in a greater
recovery time of 26 years. However, both recovery times predicted by the leaky
aquifer analysis are less than the range of values given by the DOE numerical
model (60 to 600 years).

The differences in lateral boundaries assumed by Terra Therma and DOE are such
that one would expect recovery times from the leaky aquifer analysis to fall
somewhere between values given by the numerical model. The fact that leaky
aquifer recovery times are less than those of the DOE model suggests that other
factors play a significant role in determining recovery. A major difference in
the two models is that the leaky aquifer analysis considers constant head
boundaries at the top and bottom of the flow system, while the DOE model
assumes impermeable boundaries. Thus, recovery in the DOE model can only occur
by lateral flow from areas far removed from the RRL. In the leaky aquifer
model, recovery is nfluenced not only by lateral flow, but also by vertical
leakage (from the constant head boundaries) which is distributed throughout the
RRL. As a consequence, it would be reasonable for the leaky aquifer analysis

X, to predict more rapid recovery than the DOE model. It is Terra Therma's
opinion that assigning constant head boundaries at the top and bottom of the
flow system is a more realistic approach for evaluating recovery in the RRL.

By placing no-flow boundaries at the top and bottom of their model, DOE is
taking an approach which minimizes the significance of distributed vertical
leakage in controlling the rate of hydraulic recovery. As a result, the DOE
model may have a tendency to overestimate recovery times. It s therefore
Terra Therma's opinion that the maximum 600 year recovery time determined by
the DOE numerical model may be erroneously high. Terra Therma suggests that
DOE perform additional runs where at least the upper boundary of the numerical
model is replaced with a constant head boundary.

Also shown in Figures 3 and 4 are recovery curies for an infinite aquifer
(i.e., without the Yakima Barrier). In both cases, the mpermeable boundary
used to simulate the Yakima Barrier has relatively little influence in the time
required for recovery. This suggests that in a system with distributed
vertical leakage, hydrologic boundaries may be less significant in affecting
hydraulic recovery than indicated by the DOE numerical model (which minimizes
the effects of leakage).

Terra Therma, Inc.
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4.0 CONCLUSIONS

In summary it seems possible that the drawdown could indeed assist in meeting
certain of the required performance objectives of the repository and thereby
assist in the containment potential of the repository. However, the study as
presented appears inadequate to evaluate this, and it is Terra Therma's opinion
that the conclusion that further action on this subject is not recommended"
seems to be both premature and unsupported by the report as presented.

Terra Therma, Inc.
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5.0 DETAILED OMENTS

Page 5 - Par 4: It is claimed that hydrologic (numerical) modeling s the best
method for evaluating groundwater drawdown in long term repository
performance. It would seem that for this study, simpler analytical
modeling might be advantageous, at least for preliminary analyses. This
is because analytical simulations can be performed for significantly less
cost than numerical modeling. Due to the considerable time and effort
required to set up and run the DOE numerical model, it is speculated that
the total number of simulations were limited by schedule and cost
constraints.

Page 7 - Par 4: "Hydraulic head data from individual flow tops in the basalts
beneath Hanford are sparse. However, the available head data (DOE, 1984)
... ". The BWIP document was completed in February 1986. By that time
substantial information on three dimensional heads were available as a
result of piezometer installations within the RRL and vicinity. The
restriction of head information to a report published in 1984 is both
unnecessary and has the potential to reduce the value of this study.
Certainly the head results presented in DOE (1984) are limited, but this
is by no means the most current data which would have been available to
the authors.

Page 10 - Par 2: ... it was assumed that ... transmissivities in each Grande
Ronde basalt flow top are the same as the distribution governing the
ensemble of transmisslvities from [all] Grande Ronde flow tops." This
approach fails to consider apparent differences in transmissivitles
between basalt interflows. For example, transmissivity measured within
the Birkett Interflow is statistically higher than average
transmissivitles of Grande Ronde interflows. Since the Birkett Interflow
is one of the pumped units in the numerical model, failure to recognize
the statistically higher transmissivity of this interflow may reduce the
reliability of DOE's results.

Page 10 - Par 3: A nominal value of 10-13 m/s for the flow interior
horizontal hydraulic conductivity was selected from Long and WCC 1984."
This is a considerably lower value than is used in a subsequent work by
most authors (Clifton, 1986). It is not clear to Terra Therma that 10-13
m/s is a reasonable value for regional vertical permeability. The value
of 10-11 m/s which was actually used in the numerical model is considered
by DOE to be conservative (.e., an overestimate). Since large-scale
vertical hydraulic conductivity of flow interiors remains one of the
greatest sources of uncertainty in site characterization, it is premature
for DOE to comment on the conservativeness of the 10-11 m/s value used in
their analysis.

Terra Therma, Inc.
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Pages 11 - 13: The discussion of the Cold Creek Syncline model appears to this
author to be somewhat simplistic. First the use of 2300 meters of Grande
Ronde beneath the model appears to be a rather large buffer, and probably
from a modeling point of view may be unnecessary. On the other hand the
analysis continues up only as far as the Sentinel Bluffs, which fails to
consider high transmissivity interflows which are known to exist in
Wanapum Basalts. Essentially what is analyzed is a non-leaky aquifer
system, which could be very simply accomplished by single layer, closed
form analysis (perhaps incorporating partial penetration, vertical
anisotropy, and image wells to simulate boundaries).

Page 13 - Table I: No information is provided regarding values of aquifer
storativity and aquitard specific storage used in the numerical model.

Page 14 - Par 1: "There are some indications that the Umtanum - Gable Mountain
anticline ... may be something of a [groundwater] impediment.* This
statement might suggest that Case 2 considered by DOE (which produces
larger recovery times) is more realistic. Gable Mountain - Butte has been
referred to in many DOE studies as a potential regional groundwater sink.
Presence of a groundwater sink would be inconsistent with the
interpretation that the feature behaves as a groundwater impediment.
Terra Therma does not feel that DOE's Case 2 necessarily represents a more
realistic scenario compared to Case 1 (which treated the anticline as a
constant head boundary).

Page 14 - Par 2: The evaluation criteria for complete recovery (heads within
10 meters of the pre-pumped value) appears to be somewhat arbitrary. It
would seem that a reasonable criteria for recovery is the point where
residual hydraulic gradients caused by pumping are small compared to
background or thermally induced gradients associated with post-emplacement
conditions. This is because migration of radionuclides is controlled by
gradient rather than the magnitude of hydraulic head. Figures 4.3 and 4.4
in the BWIP document indicate that lateral hydraulic gradients during
recovery are relatively small within the RRL, even though the magnitude of
drawdowns are large. It s ossible that residual gradients associated
with pumping may be swamped by post-emplacement background/thermal
gradients, long before heads recover to within 10 meters of static.

Page 14 - Par 3: It is unclear in (C) whether the wellfield is modeled as
having zero total head or zero pressure head.

Page 14 - Par 3: "... analyses used no-flow conditions at the top and bottom
surfaces of the model." This assumption ignores the presence of high
transmissivity basalt interflows which are known to exist in the Wanapum.
Highly transmissive units above the pumped aquifer would have a tendency
to behave more as constant head boundaries. Furthermore, the assumption
of no-flow boundaries limits distributed vertical leakage into the pumped
aquifer which has a tendency to increase recovery times. This is a
nonconservative approach for the purpose of this evaluation.

Terra Therma, Inc.
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Page 18: The use of these graphs at different scales and different portions of
the scales is quite confusing and not particularly useful. It is
suggested they be combined or presented at a uniform scale.

Page 19 paragraph 3: The failure to vary the specific storage, given the
relatively confined system which is being used, seems unusual. The way
the project has been analyzed, there appears to be a very substantial
transient effect even at periods n the order of 100's of years.
Accordingly it would seem reasonable that storage coefficient would have a
substantial effect on the rate of development of the pumping cone of
depression.

Terra Therma, Inc.
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INTRODUCTION

This appendix provides an independent analysis of recovery used by Terra Therma
to evaluate the reasonableness' of DOE's modeling results. The analytical
model developed herein incorporates some simplifications in the flow system
hydraulics and geometry compared to DOE's numerical model. Furthermore, the
Terra Therma analytical approach contains certain boundary conditions which we
feel are more realistic (and/or conservative) for the hydrogeologic system at
BWIP. If the analytical approach gives recovery times that are similar to

<_J DOE's values, reasonableness of the DOE modeling effort is supported. However,
if recovery times from the two analyses differ significantly, an evaluation
must be made as to which assumptions are responsible for the discrepancy.

TECHNICAL APPROACH

Analytical Model

Recovery analysis is based on the modified Hantush (1960) solution for flow in
a leaky aquifer. A detailed description of the assumptions and equations
associated with this analytical solution is provided in Appendix E of the BWIP
Site Characterization Analysis (SCA). To compute numerical values in an
efficient manner, use is made of a computer program which evaluates the
modified Hantush solution in the LaPlace domain. The program is based on the
Stelfest algorithm which inverts the LaPlace solution as discussed in Moench
and Ogata (1984). The computer program can incorporate the effects of multiple
image wells which are used for simulating hydrologic boundaries and recovery
periods.

The analytical model associated with the modified Hantush solution is shown in
Figure 1. The model considers a pumped aquifer situated between two aquitards.
In addition to basic assumptions generally made in well hydraulics solutions,
the modified leaky aquifer solution assumes that:

o Aquitards exist above and below the pumped aquifer.

o The aquitards are a source of water to the pumping well.

o The aquitards are capable of groundwater storage.

o The pumped aquifer is infinite in areal extent. This differs from the
DOE numerical model which incorporates multiple hydrologic boundaries.

Terra Therna, Inc.
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As will be shown, use of image wells to simulate a semi-infinite
(single boundary) aquifer should have a tendency to provide recovery
times which are within the range of values provided by DOE's two
bounding cases.

o The top of the upper aquitard and bottom of the lower aquitard are
maintained at constant head (zero drawdown). These correspond to
boundaries "Am and B* in Figure 1. The assumption of constant head
boundaries differs substantially from the DOE model which incorporates
impermeable boundaries at the top and bottom of the flow system. It is
our opinion that a constant head boundary at the top of the flow system
is more realistic because high transmissivity units in Wanapum Basalts
(e.g., Priest Rapids, Frenchman Springs) should experience minimal
drawdowns in response to Grande Ronde pumping. In addition, constant
head boundaries have a tendency to increase vertical leakage into the
pumped aquifer, leading to more rapid hydraulic recovery which is
conservative for the purpose of this analysis.

o Distributed (multiple well) pumping in the Grande Ronde is simulated
analytically as withdrawal from a single production well. Governing
equations indicate that for the general area of the RRL, assumption of
single withdrawal point will lead to erroneously high pumping
drawdowns, but result in reliable residual drawdowns during the
recovery period.

W Image Wells to Simulate Recovery and Boundary Effects

Image wells are utilized in the computer program to simulate hydrologic
boundaries and recovery periods. For analyses performed herein, a total of
four wells are considered. The characteristics and purpose of these wells are
summarized in Table . Use of image wells provides for recovery analysis in a
semi-infinite system with the Yakima Barrier representing an extensive
impermeable boundary. The spacial system resulting from placement of image
wells is illustrated in Figure 2a. This compares to boundaries considered in
the DOE numerical model shown in Figure 2b. In the DOE formulation, northern
and southern boundaries are modeled as either constant head (Case 1) or no-flow
(Case 2). DOE's eastern boundary is placed at a sufficient distance from the
RRL to represent an essentially infinite boundary. The two cases considered by
DOE are bounding analyses which they feel provide overestimates and
underestimates of the true recovery times. Since the analytical formulation
developed herein (semi-infinite medium) represents an intermediate physical
situation, results of the leaky aquifer analysis should provide values that are
inside the range of DOE's values (assuming that other aspects of the system are
equal).

Terra Thersa, Inc.
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ANALYSIS

Hydraulic parameters used in the leaky aquifer analysis are summarized n Table
2. Values of aquifer transmissivity and aquitard vertical hydraulic
conductivity are consistent with input values used in the DOE numerical model.
DOE did not report the values of aquifer storativity and aquitard specific
storage used in their analyses. The magnitude of storage parameters used in
the leaky aquifer analyses are considered reasonable for hydrogeologic

_ conditions at WIP. Two cases were considered for leaky aquifer simulation.
The first (A) assumed an aquitard thickness of 200 meters. This corresponds to
the distance from the Cohassett Interflow to the base of the Frenchman Springs,
and would therefore consider this basalt unit to have sufficiently high
transmissivity to represent a constant head boundary. The second case (8) used
an aquitard thickness of 400 meters, which would place a constant head boundary
in the Priest Rapids. This latter case would reduce leakage into the pumped
aquifer and thereby increase the time required for recovery. In both cases,
the aquitard below the pumped aquifer (i.e., below the Birkett Interflow) was
assumed to have the same hydraulic properties and thickness of the overlying
aquitard.

Leaky aquifer simulations considered a withdrawal rate of 0.0151 m3/s (240 gpm)
from a single well located at the center of the RRL. This discharge rate is
equal to the total wellfield flow rate used by DOE. Pumping was allowed to
occur for a period of 60 years, followed by hydraulic recovery. The leaky

A_> aquifer simulator was used to compute residual drawdown during the recovery
period. Drawdown values were converted to residual hydraulic head assuming
that the static head was 1000 meters, consistent with assumptions used by DOE.
Recovery was considered essentially complete when the residual head rose above
990 meters (residual drawdown less than 10 meters).

Terra Therma, Inc.



BWIP DOCUMENT REVIEW: BI-TA-020 -AS- March, 1987

RESULTS

Recovery plots for Case A and Case 8 are shown in Figures 3 and 4,
respectively. For Case A, the recovery time is about 7.6 years. As expected,
the larger aquitard thickness assumed in Case B results in a greater recovery
time of 26 years. However, these recovery times predicted by the leaky aquifer
analysis are less than the range of values given by the DOE numerical model (60
to 600 years). Also shown in the figures are recovery curves for an infinite

\t..aquifer (.e., without the Yakima Barrier). In both cases, including an
impermeable boundary to simulate the Yakima Barrier has relatively little
influence in the time required for recovery. This suggests that in a system
characterized by distributed leakage, hydrologic boundaries may play a less
significant role in determining recovery than indicated by the DOE model.

DISCUSSION

As previously stated, differences in lateral boundaries assumed by Terra Therma
and DOE are such that one would expect recovery times from the leaky aquifer
analysis to fall somewhere between values given by the numerical model. The
fact that leaky aquifer recovery times are less than those of the DOE model
suggests that other factors play a significant role in determining recovery. A

<_J maJor difference in the two models is that the leaky aquifer analysis considers
constant head boundaries at the top and bottom of the flow system, while the
DOE model assumes impermeable boundaries. Thus, recovery n the DOE model can
only occur by lateral flow from areas far removed from the RRL. In the leaky
aquifer model, recovery is influenced not only by lateral flow, but also by
vertical leakage (from the constant head boundaries) which is distributed
throughout the RRL. As a consequence, it would be reasonable for the leaky
aquifer analysis to predict more rapid recovery than the DOE model.

By placing no-flow boundaries at the top and bottom of their model, DOE is
taking a nonconservative approach which minimizes the significance of vertical
leakage in controlling the rate of hydraulic recovery. As a result, the DOE
model may have a tendency to overestimate recovery times. It is therefore
Terra Therma's opinion that the maximum 600 year recovery time determined by
the DOE numerical model may be erroneously high.

Terra Thera, Inc.
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TABLE 1. CHARACTERISTICS OF IMAGE WELLS USED IN SIMULATIONS

WELL DISCHARGE TIME DISTANCE FROM PURPOSE
RATE INITIATED OBSERVATION

POINT
(m3 /s) (yrs) (m)

_______________________________-_______________________________________________

Image 1 +.0151 0 100 Wellfield pumping
(real well)

Image 2 -. 0151 60 100 Wellfield recovery

Image 3 +.0151 0 8500 Yakima Barrier (pumping)

Image 4 -. 0151 60 8500 Yakima Barrier (recovery)

<_, Notes

.0151 3 /s 240 gpm

For Yakima Barrier image wells, distance from observation point to boundary
(4250 m) one half distance from observation point to image wells (8500 m).

Terra Therna, Inc.
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TABLE 2. INPUT PARAMETERS USED IN LEAKY AQUIFER ANALYSIS

Aquifer Properties

Transmissivity (T):
Storativity (S):

3.1 X 10-6 2 /s
10-5

Aqultard Properties

Vertical Hydraulic Conductivity (KY):
Specific Storage (Ss):
Thickness (b):

3 X 10-11 M/s
10-7 m-l
200 m (Case A), 400 m (Case B)

Pumping

Discharge Rate (Q):
Pumping Duration (T):

0.0151 m3/s
60 yrs

(240 gpm)

Image Wells

(see Table 1)

Point of Observation

Distance from pumping well r):
Distance from Yakima Barrier image wells (ri):

100 m
8500 

Note: Residual drawdown not sensitive to
from pumping well.

large variations in distance

Terra Therna, Inc.
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FIGURE 1. ANALYTICAL MODEL
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FIGURE 2. BOUNDARY CONSIDERATIONS

a. Terra Therma Analytical Model

Image ells 3,4 

1bC DOE Numerical Model
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FIGURE 3. ANALYTICAL RESULTS: CASE A

Aquitard thickness equals 200 meters.
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FIGURE 4. ANALYTICAL RESULTS: CASE 8

Aquitard thickness equals 400 meters.
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