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1.0 INTRODUCTION

Aquifer hydraulic properties play an important role in the transport of
contamination via groundwater. Both the amount of hazardous constituents that
can be held in an aquifer and the rate of movement are strongly dependent on
properties such as the capacity to store liquids and the ease with which
liquids may flow through the aqui{ ‘. Computer models that predict the flow
of groundwater, along with any contamination it may contain, rely on aquifer
hydraulic properties as variables.

Aquifer hydraulic properties may be measured or estimated by several
methods. Pump tests in monitoring wells are commonly run for this purpose.
Estimates also may be derived from a knowledge of the geologic materials that
provide a framework for the aquifer. Some researchers have investigated the
relationship between fluctuating water levels in .reams and corresponding
fluctuations in nearby groundwater wells. Inferences regarding aquifer
properties are then made by analyzing the changes in characteristics of these
fluctuations with increasing distance from the stream.

This report focuses on the latter method. It contains a review of
previous work of a similar nature on the Hanford Site, as well as an
application of the method to recently collected water level data for the Site.

1.1 PURPOSE AND SCOPE

This investigation contributes to several tasks described in work plans
(e.g., DOE-RL 1992) associated with groundwater operable units for the
100 Areas (Figure 1-1). Work Plan Task 6, "Groundwater Investigation," of
each work plan provides for estimating aquifer properties and characterizing
river/groundwater interaction. Appendix D-1, "Surface Water/Sediment
Investigation for the 100 Areas," which is a part of each groundwater work
plan, describes the installation of river stage recorders and data loggers in
shoreline monitoring wells.

These tasks are oriented towards providing a better understanding of the
flow of contaminated groundwater from the Hanford Site into the Columbia
River. Because a part of this understanding will come from modeling
groundwater flow, a knowledge of aquifer hydraulic properties is necessary.
This investigation has explored one method of estimating several aquifer
hydraulic properties.
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Figure 1-1. Location Map for 100 Aggregate Area Groundwater Operable Units.
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The investigation described in this report was completed under a
requirement contained in 100 Aggregate Area Milestone M-30-04 of the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement)

(Ecology et al. 1990), which states:

GEOSCN 120391-a

“Submit a report (secondary document) to EPA and Ecology evaluating
the interaction of the Columbia River and the unconfined aquifer for
aquifer hydraulic properties.”

Discussions among Tri-Party Agreement participants have resulted in a well-
defined scope for this investigation. The scope includes (1) evaluating
published methods for inferring aquifer properties from stream/groundwater
interaction; (2) determining the suitability of various methods for the
Hanford Site; (3) collecting data from the 100 Areas; (4) applying the
preferred method to Site-specific data; and (5) comparing the results to
estimates derived by other means.

1.2 RIVER/GROUNDWATER INTERACTION: A SYNOPSIS

As it passes through the Hanford Site, the Columbia River can be
'scribed generally as a "gaining" stream, since groundwater flowing under the
Site ultimately discharges into the river. This has been the case both prior
to and during Hanford Site operations. Most of this discharge takes place out
of sight, through the submerged part of the river channel. A minor portion of
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Figure 1-2. Typical Hydrographs for the Columbia River
and Monitoring Wells Along the 100 Areas Shoreline.
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1.3 RELATIONSHIP BETWEEN AQUIFER PROPERTIES AND WATER LEVELS

Hydrologists have long been intrigued by the response of groundwater, as
observed in wells, to a stress applied to the aquifer at an aquifer boundary.
An example of stress is hydrostatic pressure induced by a fluctuating stream,
flood event, or ocean tide. Numerous attempts have been made to describe
mathematically the response of the aquifer to an induced stress, and to use
the relationship to infer hydraulic properties (Appendix A summarizes the
literature on this topic). Figure 1-3 illustrates the various aquifer/stream
configurations that must be considered for this research.

Some success has been achieved for confined aquifers that are fully
penetrated by a stream (Figure 1-3a), where there is free hydraulic
interchange between the stream and the aquifer and flow is predominantly one-
dimensional. Efforts have been less successful for unconfined aquifers that
are partially penetrated by a stream (Figure 1-3b), since three-dimensional
flow has a stronger influence on the interchange. (This disadvantage can be
minimized by choosing observation wells at the greatest distance possible
where the pressure wave passage can be observed.) A significant difficulty
yet to be overcome involves describing mathematically the free surface of the
water table for an unconfined aquifer as it responds to a nearby fluctuating
stream that partially penetrates the aquifer.
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2.0 PREVIOUS INVESTIGATIONS ON THE HANFORD SITE

Several investigations to infer aquifer properties by analyzing water
level data have been undertaken on the Hanford Site. None has as yet been
shown to be useful for detailed mapping of spatial variations in aquifer
properties. This is perhaps due to the limited geographic coverage of the
data sets that were available. It also may be due to inherent difficulties
caused by heterogeneities in Hanford Site aquifers (e.g., Poeter and
Gaylord 1990). However, these previous analyses and the current analysis
serve to test the possibility that spatial variations could be delineated
using water level data, given a sufficiently comprehensive data set.

2.1 BIERSCHENK (1959)

This landmark report on aquifer characteristics and groundwater movement
for the Hanford Site contains the results of several methods for estimating
aquifer hydraulic properties, including the analysis of cyclic fluctuations in
wel 5. Bierschenk used the Ferris method to infer “"transmissibility"
(transmissivity) and "field permeability" (hydraulic conductivity) for several
wells located between the Gable Butte/Gable Mountain trend and the Columbia
River. He used average values over periods of 3 to 12 years for water level
ranges in the river and individual wells. These averages were then used as
stage ratios in the Ferris equation, which relates stage ratio to coefficients
for transmissibility and storage. Inferences regarding transmissibility and
field permeability were thus based on cyclic fluctuations due to seasonal
changes in water levels caused by annual flood crests in the Columbia River.

His results are summarized in Table 2-1. The appendix from his report,
which describes the analysis, is reproduced in Appendix D, along with a
location map for the wells he used. Bierschenk does not discuss the
assumptions and limitations of the Ferris method. He describes his results as
"tentative estimates . . . that serve merely to demonstrate the applicability,
usefulness, and limitation of the method . . ." The values obtained do
compare within an order of magnitude to estimates derived by other means.

2.2 100-N AF | STUDIES

In 1960, an analysis of aquifer hydraulic properties was performed in the
100-N Area to help evaluate the performance of a proposed waste water disposal
facility (Brown and Rowe 1960). The analysis method (Rowe 1960) was inspired
by the earlier work of Ferris (1952). Estimates for transmissibility and
storage coefficient were derived from a linear change in river stage with
time, in contrast to the sinusoidal fluctuations that were analyzed by the
Ferris method. Unfortunately, an error was present in the initial method used
by Rowe (1960), although it was subsequently discovered and corrected
(Hantush 1961).
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Initial results suggest that the range of hydraulic conductivity values
that is considered in the numerical model for the area can be reduced by
applying these three methods. The results indicate that the 100-N Area can be
divided into two regions, with hydraulic conductivities in the ranges of
approximately 36 to 215 ft/day and 325 to 606 ft/day (Gilmore et al. 1992).
These ranges are compared to the previously used range estimate of 104 to
8,400 ft/day. However, these results are tentative and the analysis is still
in progress.

2.3 300 AREA STUDIES

Investigation of the interaction between Columbia River fluctuations and
the water table underlying the 300 Area is being conducted as part of the
compliance groundwater monitoring program for the 300 Area Process Trenches
(C. R. Sherwood and D. R. Newcomer, Pacific Northwest Laboratory, personal
communication). The study focuses on using statistical methods to describe
the relationship between river stage and nearby groundwater levels, for the
purpose of better understanding contaminant transport behavior. A variety of
statistical analyses were performed on data collected at 15-minute intervals
during 1987 and 1988. Auto-spectral and cross-spectral analysis methods are
used to predict water levels in wells from river stage data. Continuing
research suggests the possibility of using these methods to infer aquifer
properties as well.

An extensive water level data collection program is currently in progress
in the 300 Area as part of a CERCLA remedial investigation (DOE-RL 1990).
Task 4c, "Hydraulic Properties," involves determining aquifer hydraulic
properties to help understand the geohydrologic system, as well as the rate
and direction of contaminant migration. Several methods are proposed for
determining aquifer properties, including (1) single-well pumping and slug
tests, (2) multiple well pumping tests and tracer tests, and (3) analysis of
cyclic fluctuations in water levels in response to river stage changes. The
analysis presented in Chapter 3.0 of this report uses data from the 300 Area
data logger network.

2.4 OTHER RELATED INVESTIGATIONS

Aimo (1987) investigated the effect of a fluctuating stream on water
qua ity in aquifers near the stream bank. He describes a flushing zone in
which groundwater is diluted by the inflow of stream water. The extent of
this flushing zone is controlled by (1) the volume of water involved in bank
storage, (2) the relationship between aquifer diffusivity and the rate of rise
in stream level, and (3) the magnitude and duration of stream level
fluctuations. While his analysis of the problem does not result in estimates
for aquifer hydraulic properties, it provides considerable insight into the
problem of modeling the interaction between contaminated groundwater and an
adjacent gaining stream.
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these methods is that they rely on individual points (the relative extrema)
and thus. if data collection errors or noise influence these points, the final
result m 1t be strongly influenced by such deviations.

To alleviate this sensitivity, methods that utilize more of the data set
have been developed to calculate the time lag and attenuation. Erskine (1991)
applied a least-squares-fitting routine to adjusted piezometer readings to
determine the time lag. He then used the tidal efficiency factor, which is
defined as the ratio of the standard deviations of the well and river water
level readings, to determine the signal attenuation.

Gilmore et al. (1992) applied a correlation procedure for calculating
barometric efficiency (Clark 1967) to determine the analogous apparent tidal
efficiency. This procedure has two advantages over the Erskine method:

(1) water levels do not have to remain symmetrical about their means, and
(2) the mean water level does not have to remain constant from period to
period. This procedure is advantageous when a limited data set (i.e., few
cycles and a 1° ited number of observation wells) is available. It helps
prevent outliers from overly influencing the result.

In the analysis that follows, diffusivity is calculated using peak-to-
peak measurement data. This was done because several cyclic data sets are
available and the undue influence of potential outlier data is thereby
avoided. For comparison, however, the correlation procedure used by
Gilmore et al. (1992) was also applied to a sample data set.

3.3 WATER LEVEL DATA USED IN THE ANALYSIS

Three lines, each consisting of two wells, are included in the analysis
(a Tocation map is shown in Figure 3-1). The first line is formed by wells
399-1-7 and 399-1-2 and is located near the northern edge of the 300 Area.
The second line, wells 399-3-9 and 399-3-12, runs between the 316-1 and 316-3
facilities, which is approximately 2,300 ft south of the first line. The
third line, wells 399-4-9 and 399-4-1, is located approximately 1,100 ft south
of the second line. The SWS-1 river stage recorder is located approximately
200 ft from well 399-4-9 and provides river stage fluctuation data for all
three lines of wells.

The water level data analyzed come from two time intervals: May 17-21,
1992 and May 25-30, 1992. It was during these intervals that the data
exhibited the cyclic behavior that meet the assumptions inherent in the Ferris
methods. Furthermore, the stage ratios, time lags, and apparent tidal
efficiencies were measured relative to two references: river stage recorder
SWS-1 and monitoring well 399-4-9. Al11 of the hydrographs, along with
correspon ing stage ratio, time lag, and apparent tidal efficiency
measurements, are presented in Appendix C. An example hydrograph for the
northernmost ine of wells is shown in Figure 3-2. The stage ratios and time
lags measured from this hydrograph are tabulated in Table 3-1. Table 3-2
contains the stage ratios, time lags, and apparent tidal efficiencies
(determined from plots also found in Appendix C) for all of the data sets.
Example plots for the stage ratio (logarithmic) and time lag (1linear)
measurements, from which input variables for the Ferris equation are obtained,
are presented in Section 3.4, "Results" (see Figure 3-3).

10
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Example Hydrographs for Northern Line of Wells.

DOE/RL-92-64, Rev.

0

IS @2A0ge 1994

12

3
=
i N
i 8]
!
/i
I
m N
R /’ m
/ /....
/ ,m.m
>
// M (o] 2]
i ! =
— .
-
aV]
H ()
\\\\\\\n -
>
[
=
o
aV]
>
[
-=
[&)]
-
>
i J 3]
H . L : M
28] M~ © I [y N -~ @
g < I I < I < T
m m (2] (] (o] [} m [



















nce from River Bank (feet)

Distance from River Bank {(feet)

DOE/RL-92-64, Rev. 0

Figure 3-3. Semilogarithmic Plots for (a) Cor osite Stage Ratio Data
and (b) Composite Lag Time vata.
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The diffusivity values obtained from the two Ferris methods are on the
order of 10° ftz/day. Assuming a storativit¥ value of 0.1 results in
transmissivity values on the order of 10° ft /day. This range in
transmissivity is consistent with values reported by Spane (1991) and
Bierschenk (1959) for pumping tests conducted in the 300 Area. These tests
were conducted in several wells that are screened in the shallow unconfined
aquifer. A summary of these test results is presented in Table 3-7.

Table 3-7. Summary of Pumping Tests Results.

Well number | Transmissivity (x 10° ft?/day)
(300 Area) Spane (1991) | Bierschenk (1959)
399-1-13 ' e
399-1-18A 10.0
399-1-14 1.9
399-1-10 2.0
399-1-16A 0.1
399-3-2 v 4.3
399-3-6 8.5
399-3-7 15.0

Because the Ferris methods indicate transmissivity values within the
range of the pumping tests, it is, perhaps, a reasonable method for estimating
aquifer properties, given a suitable set of water level observations. Whether
the model can be used to delineate aquifer heterogeneities or to provide more
accurate estimates of aquifer properties than currently exist is still
uncertain. This results from the need to combine data from several
observation points, in order to create a composite plot for regression
analysis. Spatial precision is thus sacrificed to obtain the improved
reliability yielded by the regression analysis.

Transmissivity estimates can be derived from water level data where
suitable fluctuation patterns exist. However, experience gained thus far on
the Hanford Site suggests that obtaining suitable data sets is not guaranteed
for any particular region. For example, the three lines of data loggers at
100-B, 100-H, and 100-F, respectively, did not produce cyclic fluctuation
records that can be interpreted with any confidence during approximately the
first 6 months of their operation (Appendix B contains example records from
those areas).

Where suitable cyclic fluctuation records exist, such as the 300 Area,
the analysis methods described by Ferris (1952) do not appear to result in a
significant improvement over other methods currently in use to estimate
aquifer properties. While some agreement is present among the various
methods, there is no improvement in spatial resolution as the result of

20
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Figure A-1. Physical Analog for One-Dimensional Flow Through a
Confined Aquifer Having a Fully Penetrating Stream.
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for the general case of a fluctuating stream, using the technique of
convolution. Note that the results given by these authors are all solutions
to the one-dimensional equation (1), where a confined aquifer is fully
penetrated by a stream.

Using an annroach similar to that used for aquifer tests of a partially
penetrating wel , Neuman (1974) applied equation (1) to a well located far
enough from the stream so that the effects of partial penetration are not
apparent. Pinder et al. (1969) developed a curve-matching technique that
involved creating discrete time intervals in the stage hydrograph, and summing
the influence of each increment. The solution for transmissivity comes from
the equation for the best-fitting theoretical response curve to the observed
data.

A.2 UNCONFINED AQUIFERS

Along the Columbia River shoreline on the Hanford Site, aquifer/river
interaction involves an unconfined aquifer that is partially penetrated by a
stream (Figure A-2). Previous research for flow in this type of interaction
has utilized the Dupuit-Forcheimer assumptions (Jacob 1950). These
assumptions include (1) a homogeneous and isotropic unconfined aquifer,

(2) horizontal flow toward the stream, and (3) that through a vertical plane
oriented perpendicular to the direction of groundwater flow, the hydraulic
gradient is uniform from top to bottom of the aquifer, and equal to the slope
of the water table. The saturated thickness of the aquifer is assumed to
remain constant over time and space. The storage term is considered to be
interchangeable for both the confined and unconfined flow cases. The Dupuit-
Forcheimer assumptions are based on small differences in the saturated
thickness of the aquifer and thus do not address the matter of partial
penetration of the stream.

For an unconfined aquifer, an equation corresponding to equation (1) is
presented in Jacob (1950), as follows:

#h: _ 25, on
i . K a9t (2)

A-2
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the saturated thickness (and transmissivity) of the confined aquifer remained
unchanged by either a flood wave or areal recharge from precipitation.

A.3 SUMMARY

Review of the literature indicates that confined aquifer parameters can
be estimated reasonably well from the aquifer response to hydraulically
connected flood waves or varying surface water levels. However, application
of these confined aquifer equations to unconfined aquifers is much less
reliable, since the assumptions in the derivation of the basic flow equations
are not fulfilled. Uncertainty resulting from the effect that specific yield
has on the solution of the flow equation also requires further investigation.

Very little of the published research explicitly addresses calculating
unconfined aquifer properties using methods related to stream interaction.
Almost all methods described are derived for confined aquifers and utilize the
Boussinesq equation, or include the assumptions inherent in that equation.

The Fe¢ *is method is an a1 lytical solution to the differential equation
that describes flow through a confined aquifer, with potential application to
an unconfined aquifer, due to sinusoidal elevation changes in a nearby
stream. The extensive water level data collection effort underway at the
Hanford Site creates a unique opportunity to further test the Ferris method.
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APPENDIX B

100 AGGREGATE AREA DATA LOGGER PROGRAM
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APPENDIX B
100 AGGREGATE AREA DATA LOGGER PROGRAM

Pressure transducers and data loggers are installed in wells in the
100-B, 100-H, and 100-F Areas. River stage is also recorded at these areas
using pressure transducers and data loggers. This equipment has been in
operation since late 1991 and records water levels at l-hr intervals. Digital
data are sent from the field installations via radiotelemetry to a computer
located in North Richland, where the data are entered into a database
maintained by the Westinghouse Hanford Company Geosciences Group.

A description ¢ the entire system is presented in Campbell and

Newcomer (1992).' Similar equipment is installed in numerous wells in the
""" Area. A i 7, ana~ | river star rc 0" *dis in ‘ation at

1uu-N Area; tnese records are not currentiy inciuded in the electronic
database.

Water level data produced by these installations provide information on
the landward extent of water table fluctuations caused by the daily and
seasonal rise and fall of the Columbia River. The data also help describe the
elevation range of the soil column that is alternately wetted and drained.

The original purpose for these installations included obtaining a data set
that could be analyzed to infer aquifer hydraulic properties. All of these
data objectives pertain to the interaction between Hanford Site groundwater
and the Columbia River, an important topic related to environmental
restoration decisions for the Hanford Site.

Location maps, historical water levels, and example data 1ogger‘records
for 100-B, 100-H, and 100-F areas are shown in Figures B-1 through B-9.

1CampbeH, M. D. and D. R. Newcomer, 1992, Automatic Measurement of Water
Levels Within the 300-FF-5 Boundary, PNL-7874, April 1992, Pacific Northwest
Laboratory, Richland, Washington.
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APPENDIX C

DATA USED IN FEASIBILITY STUDY OF FERRIS ML...0D

The water level data, stage ratio and lag time measurements, and linear
regression plots used in the cyclic fluctuation analysis (Chapter 3) are
presented in the following Figures C-1 through C-10 and Tables C-1 through
C-6. An index map to the wells used and river stage recorder location is
included as Figure C-11.
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Data Logger Records for Wells 399-1-7 and 399-1-2 for
(a) May 17-21 and (b) May 25-29, 1992.
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Table C-2. Data for Wells 399-1-7 and 399-1-2 for May 25-29, 1992.

May 25-29

SWS -1 Well 399-1-7 Change Well 399-1-2 Change

Elevation Change Elevation Change Ratio Elevation Change Ratio

(feet) (feet) (feet) (feet) (feet) (feet) (feet)

Minimum 341.31 343.24 343.53
Maximum 345,61 43 343.82 0.58 0.134884 343.8 0.27 0.062791
Minimum 342.9 -2.71 343.54 -0.28 0.103321 343.7 -0.1 0.0369
Maximum 345.87 2.97 343.98 0.44 0.148148 343.95 0.25 0.084175
Minimum 343.13 -2.74 343.77 -0.21  0.076642 343.88 -0.07 0.025547
Maximum 345.92 2.79 344.15 0.38 0.136201 344.12 0.24 0.086022
Minimum 343.73 -2.19 343.99 -0.16 0.073059 344.07 -0.05 0.022831
Maximum 346.28 2.55 3 133 0.34 0.133333 344.27 0.2 0.078431
Avg. Rising Limbs 0.435 0.077855
Avg. Falling Limbs -0.21667 0.028426
Overall Avg. 0.155714 0.056671

SWS -1 Well 399-1-7 Well 399-1-2 Lag Time

Date Hour Hour LagTime Hour LagTime Between Wells
(days) (days) (days)
Minimum  May25 1700 2400 0.291667 2600 0375  0.08333
Maximum May 26 900 1400 0.208333 1700 0.333333 0.125
Minimum May 26 2300 2600 0.125 2700 0.166667 0.041667
Maximum May 27 900 1400 0.208333 1800 0.375 0.166667
Minimum May 27 2300 2600 0.125 2700 0.166667 0.041667
Maximum  May 28 900 1400 0.208333 1700 0.333333 0.125
Minimum May 28 2300 2500 0.083333 2600 0.125 0.041667
Maximum May 29 700 1100 0.166667 1400 0.291667 0.125
0.177083 0.270833 0.09375

Period =~ 1 day
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Figure C-2. Data Logger Records for Wells 399-3-9 and 399-.
(a) May 17-21 and (b) May 25-29, 1992.
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C-6

Table C-3. Data for Wells 399-3-9 and 399-3-12 for May 17-21, 1992.
May 17-21
SWS -1 Well 399-3-9 Change Well 399-3-12 Change
Elevation Change Elevation Change Ratio Elevation Change Ratio
(feet) (feet) (feet) (feet) (feet) (feet) (feet)
Minimum 342.64 342.92 342.99
Maximum 344.8 2.16 343.29 0.37 0.171296 343.23 024 0.111111
Minimum 342.8 -2 343 -0.29 0.145 343.08 -0.15 0.075
Maximum 345.74 2.94 343.54 0.54 0.183673 343.46 0.38 0.129252
Minimum 343.16 -2.58 343.33 -0.21 0.081395 343.37 -0.09 0.0348
Maximum 346.15 2.99 343.83 0.5 0.167224 343.73 0.36 0.1204..
Minimum 343.88 -2.27 343.7 -0.13 0.057269 343.69 -0.04 0.017621
Maximum 347.18 3.3 344.25 0.55 0.166667 3441 0.41 0.1242 -
Avg. Rising Limbs 0.172215 0.121252
Avg. Falling Limbs 0.094555 0.042502
Overall Avg. 0.138932 0.087502
SWS -1 Well 399-3-9 Well 399-3-12 Lag Time
Date Hour Hour Lag Time Hour LagTime Between Wells
(days) (days) (days)
Minimum May 17 1800 2500 0.291667 2700 0.375 0.083333
Maximum May 18 900 1200 0.125 1400 0.208333 0.083333
Minimum May 18 2000 2500 0.208333 2700 0.291667 0.083333
Maximum May 19 900 1400 0.208333 1900 0.416667 0.208333
Minimum May 19 2300 2500 0.083333 2700 0.166667 0.083333
Maximum May 20 900 1400 0.208333 1800 0.375 0.166667
" Minimum May 20 2300 2400 0.041667 2500 0.083333 0.041667
Maximum May 21 800 1300 0.166667 1900 0.416667 0.25
Average Lag Time (days) 0.166667 0.291667 0.125
Period = 1 day
Distance (River to 399-3-9) 200 feet
Distance (River to 399-3-12) 1200 feet
Distance (399-1-9 to 399-3-12) 1000 feet
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Figure C-3.
(a) May 17-21 and (b) May 25-29, 1992.
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C-9

Table C-5. Data for Wells 399-4-9 and 399-4-1 for May 17-21, 1992.
May 17
SWS -1 Well 399-4-9 Change Well: 34-1 Change
Elevation Change Elevation Change Ratio Elevation Change Ratio
(feet) (feet) (feet) (feet) (feet) (feet) (feet)
Minimum  34Z.04 343.71 342.87 -
Maximum 344.8 2.16 344.12 0.41 0.189815 343.15 0.28 0.12963
Minimum 342.8 -2 343.8 -0.32 0.16 342.95 -0.2 0.1
Maximum 345.74 2.94 344.39 0.589 0.20068 343.41 0.46 0.156463
Minimum 343.16 -2.58 344.15 -0} 0.093023 343.3 -0.11 0.042636
Maximum 346.15 2.99 344.69 0.54 0.180602 343.69 0.39 0.130435
Minimum 343.88 -2.27 344.53 -0.16 0.070485 343.65 -0.04 0.017621
Maximum 347.18 3.3 345.1 0.57 0.172727 344.1 0.45 0.136364
Avg. Rising Limbs 0.185956 0.138223
Avg. Falling imbs 0.107836 0.053419
Overall Avg. 0.152476 0.101878
SWS - 1 Well 399-4-9 Well 399-4-1 Lag Time
Date Hour Hour  Lag Time Hour Lag Time Between Wells
(days) (days)  (days)
Minimum may 17 1800 2500 0.291667 2700 0.375 0.083333
Maximum May 18 900 1200 0.125 1400 0.208333 0.083333
Minimum May 18 2000 2400 0.166667 2600 0.25 0.083333
Maximum May 19 900 1300 0.166667 1800 0.375 0.208333
Minimum May 19 2300 2400 0.041667 2600 0.125 0.083333
Maximum May 20 900 1300 0.166667 1900 0.416667 0.25
Minimum May 20 2300 2400 0.041667 2600 0.125 0.083333
Maximum May 21 900 1300 0.166667 1700 0.333333 0.166667
Average Lag Time (days) 0.145833 0.276042 0.130208
Period = 1 day
Distance _ ver to 399-4-9) 300 feet
Distance (River to 399-4-1) 1400 feet
Distance (399-4-9 to 359-4-1) 1100 feet
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Table C-6. Data for Wells 399-4-9 and 399-4-1 for May 25-29, 1992.

May 25-29

SWS -1 Well 399-4-9 Change Well 399-4-1 Change

Elevation Change Elevation Change Ratio Elevation Change  Ratio

(feet) (feet) (feet) (feet) (feet) (feet) (feet)

Minimum 341.31 343.59 342.87
Maximum 345.61 4.3 344.4 0.81 0.188372 343.41 0.54 0.125581
Minimum 3429 -2.71 344.03 -0.37 0.136531 343.21 -0.2 0.073801
Maximum 345,87 2.97 344.62 0.59 0.198653 343.64 0.43 0.144781
Minimum 343.13 2.74 344.31 -0.31 0.113139 343.49 -0.15 0.054745
Maximum 345.92 2.79 344.81 0.5 0.179211 343.85 0.36 0.123032
Minimum 343.73 219 344.58 -0.23 0.105023 343.73 -0.12 0.054795
Maximum 346.28 2.55 345.02 0.44 0.172549 344.04 0.31 0.121569
Avg. Rising Limbs 0.184696 0.130241
Avqg. Falling Limbs 0.118231 0.061113
Overall Avg. 0.156211 0.100615

SWS -1 Well 399-4-9 Well 399-4-1 Lag Time

Date Hour Hour LagTime Hour LagTime Between Wells

(days) (days) (days)

Minimum May 25 1700 2100 0.166667 2500 0.333333 0.166667
Maximum May 26 900 1300 0.166667 1600 0.291667 0.125
Minimum May 26 2300 2500 0.083333 2700 0.166667 0.083333
Maximum May 27 900 1300 0.166667 1800 0.375 0.208333
Minimum May 27 2300 2500 0.083333 2600 0.125 0.041667
Maximum May 28 900 1200 0.125 1600 0.291667 0.166667
Minimum May 28 2300 2500 0.083333 2600 0.125 0.041667
Maximum May 29 700 1000 0.125 1300 0.25 0.125
Average Lag Time (days) 0.125 0.244792 0.119792

Period =

1 day
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Figure C-5. Time Lag Method Regression Plots Using 399-4-9 as the Source

for (a) May 17-21 and (b) May 25-29, 1992.
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Stage Ratio Method Regression Plots Using 399-4-9 as the Source
for (a) May 17-21 and (b) May 25-29, 1992.
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as the Source for (a) Near-Source Wells and (b) Distant Wells.

Apparent Tidal Efficiency Method Regression Plots Using 399-4-9
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Figure C-11. Location Map for 300 Area Wells and River Stage Recorders.
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APF™'DIX D
BIERSCHENK (1959) ANALYSIS OF CYCLIC FLUCTUATIONS

The following five pages are reproduced from Bierschenk (1959).! _His
work is the first known use of the Ferris method (Ferris 1952; 1963)%> on the
Hanford Site to infer aquifer hydraulic properties. A location map for the
wells that Bierschenk used is included.

1Bierschenk, W. H., 1959, Aquifer Characteristics and Ground-Water
Movement at Hanford, HW-60601, June 1959, Hanford Atomic Products Operation,
General Electric Company, Richland, Washington.

2Ferris, J.G., 1952, "Cyclic Fluctuations of Water Level as a Basis for
Determining Aquifer Transmissibility," U.S. Geological Survey, Ground-Water
Note, No. 1, April 1952.

3Ferris, J.G., 1963, "Cyclic Water Level Fluctuations as a Basis for
Determining Aquifer Transmissibility," in R. Bentall (compiler), “Methods of
Determining Permeability, Transmissibility, and Drawdown,” U.S. Geological
Survey Water-Supply Paper 1536-1, Washington, D.C., pp. 305-318.
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