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SUMMARY

A computer code called WATDIS (an acronym for water discharge) was devel-
oped that, when used with the commercially available software, WATER-VEL™,
calculates the volumetric discharge to a specific cross-sectional area of the
aquifer. This report describes the development of the WATDIS code and its
application. The development of this code is Phase I of a two-phased project
whose objective is to estimate the amounts of radionuclides reaching the
Columbia River through the unconfined aquifer as a result of "natural"
conditions.
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INTRODUCTION

This report concerns the development of a computer program to calculate
the regional flux of groundwater, near the N Reactor on the U.S. Department of
Energy- (DOE-) operated Hanford Site in Washington State. This regional flux
of groundwater eventually discharges to the Columbia River. This paper
reports on the first of two phases of a study that will ultimately provide a
procedure and/or computer code to estimate the mass of radionuclides reaching
the river through natural groundwater discharge.

Two liquid waste disposal facilities (LWDFs), 1301-N and 1325-N, were
used for the disposal of effluents with Tow-Tevel fission and activation
products from the N Reactor operations. The 1301-N Facility operated from the
time of reactor startup in 1963 until 1985; the 1325-N facility operated from
approximately 1985 to November 1989, when the operational status of the
N Reactor was converted to dry layup. In November 1989, the 1325-N LWDF began
to receive less than 300 gpm of waste-water, down from the approximately
1500 gpm of waste-water that the facility received during reactor operations.
These LWDFs were designed to remove, by sorption, filtration, and ion
exchange, a high percentage of radionuclides in the effluent. Much of the
low-Tevel fission and activation material from the effluent remains in the
sediments. The natural groundwater flow through the area will mobilize some
of these products and discharge them to the Columbia River. Westinghouse
Hanford Company (Westinghouse Hanford) requested that Pacific Northwest Lab-
oratory(“ (PNL) develop a procedure and/or computer program to estimate the
amounts of radionuclides reaching the Columbia River through the unconfined
aquifer from "natural" regional groundwater flow. To address this problem, a
two-phased program was proposed. The first phase, results of which are
reported here, includes the development of a computer program for calculating
the quantity of groundwater flowing toward the 100-N Area that ultimately dis-
charges to the Columbia River. The second phase will use the results

(a) Pacific Northwest Laboratory is operated for the U.S. Department of
Energy by Battelle Memorial Institute, under Contract DE-AC06-76RLO 1830.



generated by this program for estimating the mass of radionuclides reaching
the river through natural groundwater discharge.

The objective of Phase I of this project was to develop a computer pro-
gram that could be used to estimate the regional groundwater flow component in
the 100-N Area discharging through a given cross-sectional area within the
upper unconfined aquifer to the Columbia River under natural hydraulic gra-
dient conditions.

To estimate groundwater discharge, the following information about the
aquifer must be known: the hydraulic gradient, the hydraulic properties, and
properties of a representative cross section through which the groundwater
discharge will be calculated. To facilitate the use of this information for
estimating groundwater discharge, a computer program called WATDIS (an acronym
for water discharge) was developed. When used with the commercially available
computer program WATER-VEL™ (In-Situ Inc. 1991), WATDIS calculates the volum-
etric discharge to a specified cross-sectional area of the aquifer. The two
programs are linked by a batch file and are designed to run on an IBM PC or
compatible computer system. The WATDIS program is described in Appendix A.



PROGRAM PARAMETER INPUTS

An integral part of Phase I was to review current information and deter-
mine various inputs for use in the programs. Inputs to WATER-VEL™ include
poteniiometric (head) measurements, effective porosity, and one of three sets
of aquifer properties: permeability (k), hydraulic conductivity (K), or
transmissivity (T). WATER-VEL™ calculates and outputs the natural groundwater
flow rate and the flow direction. The outputs from WATER-VEL™ are then used
as part of the inputs to the WATDIS program. Additional inputs to the WATDIS
program include the coordinates and saturated thickness of the aquifer at two
points selected by the user. This section describes the validation process
for these inputs for each of the programs.

HYDRAULIC HEAD DATA

Hydraulic head data are needed to determine the regional hydraulic gradi-
ent and flow direction for use in WATER-VEL™. A minimum of three hydraulic
head inputs are required to define a plane from which a gradient is deter-
mined. The program can, however, perform a least-squares fit to a plane with
up to 300 hydraulic head inputs. To verify that viable hydraulic head data
were available, wells upgradient of the 100-N Area were evaluated based on
1) location upgradient, 2) completion intervals in the upper unconfined
aquifer, and 3) hydraulic head fluctuations that reflect natural conditions.
Five wells were selected that appear to provide similar representative
hydraulic head inputs: 699-71-52, 699-73-61, 699-77-54, 699-78-62, and
699-81-58 (Figure 1). For each well, well completion information was obtained
from the Hanford Environmental Information System (HEIS) data base to verify
that the wells were completed in the upper unconfined aquifer and that all had
similar well construction. Completion intervals of the selected wells range
from approximately 15 ft at well 699-73-61 to 45 ft at well 699-81-58. Each
well was completed at the top of the unconfined aquifer. Geologic information
from the HEIS data base indicated that the sediments in the completion zones
of these wells were a heterogenous mix, ranging from silt to gravel. There
were no apparent confining units or otherwise distinct Tithologic layers
within any of the completion zones that might affect their hydrologic
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responses relative to other wells in the area. To verify the similarity in
hydrologic responses, data for all five wells from 1987 to 1991 were plotted
to evaluate trends in the hydrologic responses (Figure 2). The trends for
four of the five wells indicate a slight decline in potentiometric head. Well
699-81-58 displays the most variability of the five wells, exhibiting a larger
decline in hydraulic head in the period between December 1989 and June 1991.
Well 699-81-58 is the nearest to the 100-N Area, and therefore this decline in
potentiometric head is attributed to the November 1989 operational change at
the N Reactor to dry layup status. This operational change resulted in a
dramatic decrease in waste-water discharged to the ground. Although this
situation violates the third criterion for well selection (hydraulic head
fluctuations must reflect natural conditions), Gilmore et al. (1991) suggest
this well has nearly reached a new equilibrium with the water table and the
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FIGURE 2. Hydrographs of Program Input Wells



effects of artificial groundwater recharge from the 100-N Area have decreased
significantly. Data from all five wells are recommended for use with the
computer code. Conditions in all five wells selected to provide input are
measured for hydraulic head annually as part of PNL’s Hanford Site-wide
groundwater monitoring program, and results of chemical and radiological
analyses are available in the Hanford Groundwater Data Base.

HYDRAULIC PROPERTY ESTIMATES

To determine groundwater velocity, WATER-VEL™ requires estimates of the
aquifer’s hydraulic properties (e.g., effective porosity, k, K, and T). The
effective porosity for the Ringold Formation, 0.11, was taken from DOE (1988).

Hydraulic conductivity (K) is the parameter used in this study.
Hydraulic property information is available from aquifer tests conducted in
two wells within the study area. Hydraulic conductivity values are available
from aquifer tests on 699-77-54, one of five monitoring network wells, and
from well 699-87-55, which is to the northeast of the well network. Previ-
ously published results for hydraulic conductivity ranged from 69 to 770 ft
per day (Kipp and Mudd 1973; Deju 1974; Bierschenk 1959). Because of the wide
range in reported hydraulic property estimates, the original aquifer test
data, from 1957 and 1969, were reanalyzed for this project. The reanalyzed
data yielded hydraulic conductivity estimates of 48 to 55 ft per day. The
results of the reanalysis are discussed in Appendix B.

CROSS-SECTIONAL DISCHARGE PLANE

To calculate the discharge through a specified cross section using
WATDIS, the coordinates of the cross-sectional end-points and the saturated
thickness of the unconfined aquifer at each end-point are required. The end-
points specify the plane through which the groundwater discharge is to be cal-
culated. A section along the Columbia River shoreline where the N Springs are
known to discharge was selected for use as the cross section in the example
calculation of groundwater discharge. The cross-sectional area was defined by
the coordinates of N Springs wells NS-1 and NS-13. The coordinates and sat-
urated thickness at each location are listed in Table 1. The saturated



TABLE 1. Cross-Sectional Endpoint Coordinates for Example Groundwater
Discharge Calculations

Coordinates, ft Saturated
Location ——gr—- ——Nr—- Thickness, ft
NS-1 -61129 86674 50
NS-13 -60266 87865* 50

A1l coordinates in Hanford Plant coordinate system. * designates
wells surveyed by Kaiser Engineers Hanford. Other coordinates taken
from maps of the 100-N Area.

thickness of the aquifer at these points was calculated from lithologic dia-
grams from wells 199-N8T, 199-N-69, and 199-N-5. These wells all penetrated a
clay Tayer at approximately 351 ft M.S.L. This clay layer is generally con-
sidered the bottom of the unconfined aquifer in the area (Gilmore et al. 1991;
Connelly et al. 1991). The elevation of the ground surface near the river was
taken from the surveyed elevation of N Springs well NS-2, yielding a saturated
thickness of approximately 50 ft.

Any two points downgradient of the well network with their respective
saturated thickness may be used for input into this computer code. However,
the user is cautioned that the nearer the river the points are, the larger the
uncertainty of the groundwater flux calculations becomes, because of bank
storage and vertical gradients near the river.



PROGRAM ASSUMPTIONS

The WATER-VEL™/WATDIS program determines groundwater flow direction and
velocity by fitting a linear, two-dimensional trend surface (least squares) to
randomly located hydraulic head data. This technique is accurate as long as
the two-dimensional, linear approximation is applicable, i.e., as long as no
significant vertical groundwater flow gradients exist, and the piezometric
surface does not have major perturbations.

This program provides a qualitative steady-state estimate of the
regional groundwater flux and assumes that the water calculated to flow
through a specified plane discharges directly to the Columbia River. It does
not take into account temporal variations in river stage, which may delay or
deflect groundwater estimated to be flowing through the plane. To evaluate
site-specific discharges to the Columbia River, a more detailed model that
takes into account bank storage and other factors would have to be developed.
However, the WATDIS program could provide regional flux input for the more
detailed model.

The program assumes the unconfined aquifer is homogeneous and isotropic
and that there is no net pumping or recharge to the aquifer. This assumption
is not met; however, the net effects of aquifer variability may approximate
these conditions when a large enough area is considered.



PROGRAM TEST RUNS

To determine the program’s sensitivity to the variability in the input
parameters, several test runs were conducted using water-level data from
December 1987 and 1989 and June 1989, 1990, and 1991. (These collection
periods contained water-level data for all five wells in the network.) To
evaluate the respective influence of each input parameter, the hydraulic con-
ductivity and the number of wells in the network were varied. The results of
the parameter sensitivity analysis are presented in Appendix C.

The hydraulic conductivity value was input as 40, 50 and 60 ft/d. The
recommended value based on aquifer test evaluations is 50 ft/d. Varying
hydraulic conductivity directly affects groundwater velocity, which in turn
affects the calculated discharge volumes. The discharge calculations vary by
approximately 215 ft3/d (or 20% variance) in calculated discharge to the des-
ignated cross section with every 10 ft/d change in hydraulic conductivity.

The sensitivity of the computer code was also tested by varying the net-
work of wells used for hydraulic head input. Varying the wells in the network
directly affects the hydraulic head gradient and the resultant calculated
groundwater flow direction and velocity. Five wells were originally chosen
for the network based on criteria discussed above. Three of the wells for
hydraulic head input (699-78-62, 699-81-58 and 699-71-52) were used to test
the computer code’s sensitivity to the well network configuration. The
hydraulic head data from each of these wells were deleted from the input file
one at a time, Teaving input from four wells for each run (Appendix C). When
the westernmost well, 699-78-62, was deleted from the network, the calculated
discharge to the designated cross-sectional area decreased. The amount of
decrease is dependent on the date of the hydraulic head input. Using the most
recent data (June 1991), the discharge volume decreased approximately
240 ft3/day. When the southernmost well, 699-71-52, was deleted from the net-
work, the calculated discharge increased approximately 537 ft3/day, represent-
ing a 45% increase in the calculated discharge (June 1991 data). When well
699-81-58 was deleted from the network, there was not a significant difference
in the calculated discharge using the June 1991 data. When older data are
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used, particularly data from the years when there was significant artificial
recharge in the 100-N Area, the deletion of well 699-81-58 increased the cal-
culated discharge. This is believed to be the result of the elevated ground-
water levels under the 100-N Area prior to November 1989. Well 699-81-58 was
" under the influence of this artificially elevated groundwater table (Gilmore
et al. 1991), and when this well is deleted from the input file, the calcu-
lated gradient toward the 100-N Area increases, resulting in an increase in
calculated discharge volumes.

It is recommended that data from all five wells be used in the computer
code. Altering the well network can substantially affect the amount of
groundwater discharge that is calculated.
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APPENDIX A

WATDIS PROGRAM DESCRIPTION

A.1 INTRODUCTION

A.1.1 Purpose

The purpose of the program WATDIS is to calculate the groundwater dis-
charge across a specified cross-sectional plane in an aquifer. The program
uses the groundwater velocity and direction calculated by the program WATER-
VEL™ (In-Situ Inc. 1991).

A.1.2 Hardware Reguirements

WATDIS requires an IBM PC or IBM-compatible computer system with MS DOS
version 3.3 or higher. A math co-processor is not necessary. The program can
be run separately or in combination with WATER-VEL™.

A.2 PROGRAM WATDIS

A.2.1 Program Description

WATDIS is a FORTRAN program that calculates groundwater discharge. It
uses an output file from the program WATER-VEL™ along with user inputs to
calculate the groundwater discharge to a defined area of an aquifer. The
WATER-VEL™ output file provides WATDIS with the title of the run, the effec-
tive porosity of the aquifer, the groundwater velocity, and the groundwater
flow angle in degrees from the positive x-axis of the coordinate system used
in the calculation. The user must provide WATDIS with information that
describes the cross-sectional plane across which the discharge calculation is
made. Figure A.1 shows a flow chart describing the operation of the WATDIS
program.

The groundwater discharge, or volumetric flux, can be calculated using
the following equation (Freeze and Cherry 1979):

Q=q,* A (A.1)

A.l
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Initialize variables

Assign unit numbers

Prompt for file names
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FIGURE A.1. Flow Chart for WATDIS

A.2



where (Q = groundwater discharge (L3/t)
q, = Darcian velocity normal to the cross-sectional area (L/t)

A = the saturated cross-sectional area (L2).

1]

The output from WATER-VEL™ provides the groundwater (or solute) velocity.
However, as shown in Equation A.l1, the Darcian velocity is needed for the dis-
charge calculation. Therefore, to calculate the groundwater discharge, WATDIS
must first calculate the Darcian velocity, defined as

qg=v,* ¢ (A.2)
where q = Darcian velocity (L/t)
v, = groundwater or solute velocity (L/t)
¢ = effective porosity of the aquifer.

The user must specify the cross-sectional plane across which the dis-
charge calculation is made. This plane is defined by a trapezoid (Fig-
ure A.2), where side a is the saturated thickness (vertical dimension) at
point 1, side b is the saturated thickness (vertical dimension) at point 2,
and w is the horizontal distance between the two points. Therefore, the
necessary inputs to define the trapezoid are the coordinates of two points and
the saturated thickness at each point.

The area of the designated cross section is calculated using the
trapezoid area relationship as follows:

A =% (a+b)w (A.3)

where A = the area of the trapezoidal cross-section (L?)

a = the saturated thickness at point 1 (L)
b = the saturated thickness at point 2 (L)
w = the horizontal distance between the two points (L).

Although the Darcian velocity can be easily calculated from the WATER-
VEL™ information, the calculated flow direction may not be perpendicular to
the cross-sectional plane that is specified by the user. To calculate the
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volumetric flux entering the designated cross-sectional area, the component of
the Darcian velocity that is perpendicular (or normal) to the cross-sectional
plane must be determined. This can be done using the dot product of two vec-
tors (Anton 1984), where

<}
L]
< |
°
35>

(A.4)

and v_ = the normal component of the vector

the Darcian velocity

I>< | 3
[t}

the unit normal vector for the plane defined by the cross-sectional
area.

The groundwater discharge can then be determined using Equation A.l.

A.2.2 Program Assumptions

WATDIS assumes that the user's units and coordinate system are consis-
tent with the WATER-VEL™ output file that is used as program input. WATER-
VEL™ assumes that the aquifer is homogeneous, that the water-level data for
the selected wells represent equilibrated steady-state conditions within the
aquifer system, and that there is no active pumping or groundwater disposal in
the study area. Since WATDIS calculates discharge from the velocity that is
output by WATER-VEL™, these assumptions about the aquifer extend to the WATDIS
program.

FIGURE A.2. Trapezoid

A.4




A.3 INPUT

WATDIS is an interactive program that prompts the user for several
inputs. These inputs are

Input filename - The name of the input file. This file must be in the
format of a WATER-VEL™ output file.

Qutput filename - The desired name of the output file from WATDIS.

The remaining inputs are prompted for by a menu. The user is given a
list of information needed to run the program and may then choose which param-
eter to input and is prompted for its value. The required inputs in the menu
are as follows:

Coordinates for two points - The x and y coordinates for the two
points that will describe the cross-sectional plane across which
the discharge calculation is to be made. This report is using the
Hanford Site Coordinates. These coordinates can be from any
coordinate system, provided that they are consistent with the
coordinate system used in WATER-VEL™.

Saturated thickness at each point - The saturated thickness (or
aquifer thickness) at the locations of the two points that define
the cross-sectional plane.

Option to print output to screen - If the option is activated (by
answering ‘yes’ ), output will be displayed on the screen as well
as written to an output file. Otherwise, the output is printed
only to the designated output file. The default is to print to
the output file only.

Note that the units for all inputs can be either English or metric, pro-
vided that they are consistent with those found in the input file (i.e., a
WATER-VEL™ output file).

A.3.1 Example Menu

The following is an example of a WATDIS menu:

dkkkkkhkkkkhkkhkkhkkhkkkhkkhkkkkkhkkhkkhkkhkhkhkhkkhkkikk

* INPUT MENU FOR WATDIS *

Fede ko gk dkk ok ke kkkkkkkkkkdkhkkkhkkhkhkkkhkkkhkkdkhkkkkk

1.TITLE: test run 1
2 .COORDINATES OF POINT 1 EW= -55405.00 NS = 86707.00

A.5



3.COORDINATES OF POINT 2 EW= -62300.00 NS = 77750.00

4 .SATURATED THICKNESS AT POINT 1 30.0000 feet
5.SATURATED THICKNESS AT POINT 2 20.0000 feet
6.PRINT OUTPUT TO SCREEN YES

GROUNDWATER VELOCITY (FROM WATER-VEL) 0.6960E+00 ft/day,
FLOW DIRECTION (DEGREES FROM + X-AXIS) 84.08

EFFECTIVE POROSITY OF THE AQUIFER .1500

NOTE: The groundwater velocity, flow direction and effective
porosity are from the program WATER-VEL and cannot be changed

ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 52.41
(Calculated from the coordinates of points 1 and 2)

ENTER PARAMETER YOU WISH TO MODIFY (1-6), OR 0 TO EXECUTE
PROGRAM  --->

A.3.2 Menu Data File

WATDIS creates a file called ‘watmenu.dat’ that stores the input data
from the previous run (the coordinates of the two points, the saturated
thickness at each point, the option to print output to the screen, and the
angle of the cross-sectional plane). This file is created as a convenience to
the user. It allows the user to run WATDIS with different input files but
the same cross-sectional area without having to enter the defining data points
each time. The program will run if watmenu.dat is not present in the same
directory, but the menu will contain zeros for the data values and the user
will have to enter all inputs. WATDIS will create the watmenu.dat file if it
does not exist, or update the existing watmenu.dat file during each run.

A.4 OUTPUT

The output file from WATDIS provides a record of the input information,
the Darcian velocity, the normal component of the Darcian velocity, the area
of the saturated cross section, the angle of the cross section measured in
degrees from the positive x-axis, and the groundwater discharge to that area.

A.6



The angle of the cross-sectional plane to the x-axis is provided as a
check for the user. The calculation is done by extending the plane to the
point where it crosses the positive x-axis, and then measuring the angle from
that axis intersection.

A.4.1 Example Output

The following is an example of output from WATDIS:

Fe e e de g de Jede dode e Kk ek ke de ke ek ok ke ke kk ke ki ok kkkkkkkkkkkhhkk ki

OUTPUT FROM PROGRAM WATDIS, Version 1.0

Programmed by SK Wurstner,
Battelle Pacific Northwest Laboratories
September, 1991

Results are based on the use of unverified
software. No assurance is expressed or
implied as to the accuracy, completeness or

*
*
*
*
*
*
*
*
*
* usefulness of this information.
*

% % ok % % A %k K %k % %

ek kkkkhkhkkhkkkhkhkkhkhkhkhkhkhkhkkhkhkhkhkhkhhkhkhkhkhkhkhkhkkhkhkhhkhhkdkhkik

ECHO OF INPUT

INPUT FILENAME: 0689WL.OUT
OUTPUT FILENAME: AQFL.OUT

TITLE: test run 1

COORDINATES OF POINT 1 EW= -55405.00 NS = 86707.00
COORDINATES OF POINT 2 EW= -62300.00 NS = 77750.00
SATURATED THICKNESS AT POINT 1 30.0000 feet
SATURATED THICKNESS AT POINT 2 20.0000 feet
PRINT OUTPUT TO SCREEN YES

GROUNDWATER VELOCITY (FROM WATER-VEL) 0.6960E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 84.08

EFFECTIVE POROSITY OF THE AQUIFER .1500

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 84.08 DEGREES) 0.1044E+00 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY 0.5481E-01 ft/day

A.7



AREA OF THE SATURATED CROSS-SECTION 0.282587E+06 ft 2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 52.41

GROUNDWATER DISCHARGE ACROSS THE AREA 0.154888E+05 ft~3/day

A.5 REFERENCES

Anton, H. 1984. (Calculus with Analytic Geometry, 2nd Edition. John Wiley
and Sons, New York.
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APPENDIX B

AQUIFER TEST ANALYSIS

Hydraulic property estimates for the unconfined aquifer in the vicinity
of the 100-N Area have been reported by Bierschenk (1959), Kipp and Mudd
(1973), and Deju (1974). These estimates are based on aquifer tests conducted
for wells 699-77-54 and 699-87-55. Hydraulic conductivity estimates obtained
from these test analyses vary by over a factor of ten, ranging from 69 to
770 ft per day. A review of the original test data and previous test analyses
identified two principal reasons for the wide range in reported hydraulic
conductivity values: misapplication of analytical test methods and inappro-
priate application of straight-Tine analyses for non-radial flow test data
periods.

Hydraulic conductivity estimates provided by Kipp and Mudd (1973) for
well 699-77-54 are based on Tog-log, type-curve analysis of pumping test draw-
down and recovery data. The Tog-log, type-curve matching method, however, is
only strictly correct for analysis of observation-well test response (i.e., in
multiple-well interference tests). Quantitative log-log analysis of the test
response at the pumping well is not completely valid, because several factors
contribute to drawdown and recovery that are not normally accounted for in the
analytical procedure. These nonformational response phenomena, which affect
water-level response at the pumping well, include wellbore storage, formation
damage or stimulation due to drilling/well construction practices, and pumping
variations (Weeks 1978; Earlougher 1977). Misapplication of the analysis
method by Kipp and Mudd (1973) for results of pumping tests for well 699-77-54
was also noted by Deju (1974).

Another cause of the wide range in reported hydraulic conductivity val-
ues is the inappropriate application of straight-line analysis. The use of
the Cooper and Jacob (1946) straight-Tline analysis for pumping test data is
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strictly valid only for test data exhibiting radial flow conditions and for
test times that satisfy the prescribed time (t) criterion specified in the
relationship

t > (r2S)/(4 7 u) (B.1)

where r? = effective well radius (for pumping well analysis)

storativity

transmissivity

S
T
u = dimensionless parameter equal to 0.01.

In the analyses presented by Bierschenk (1959) and Deju (1974), a number of
misapplications of the straight-line analysis method were identified.

Recent developments in log-log diagnostic analysis have greatly facili-
tated the identification of the test data sections that can be analyzed using
straight-line analysis methods. These recently developed diagnostic methods
rely on converting pumping drawdown and recovery pressure data to derivative
form and analyzing the shape of the pressure derivative versus time on a log-
log diagnostic plot. As noted by others (Bourdet and Alagoa 1984; Clark and
Golf-Racht 1985), pressure derivative diagnostic plots can be used to pre-
cisely identify regions within the pumping test data set that are controlled
by formational (e.g., homogeneous vs. heterogeneous formation response, radial
flow conditions) and nonformational factors (e.g., wellbore storage, skin
effects).

Pressure derivative analysis was used in the reanalysis of the available
pumping test data to identify when radial flow conditions were established
during each test. Straight-line analysis methods (e.g., Cooper and Jacob
1946) were then used to analyze the identified radial flow portions of the
test. Results and test plots used in the reanalysis are presented below for
each well site.
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Well 699-77-54

Pumping test data are available for two tests conducted for well
699-77-54. The first test was conducted on July 23, 1957, at an average dis-
charge rate of approximately 194 gpm: The test was terminated after a short
pumping period of only 108 minutes. Bierschenk (1959) reported a transmis-
sivity value based on this test analysis of 42,513 ftz/d and a hydraulic con-
ductivity (based on an aquifer test section of 65 ft) of 655 ft/d. Based only
on analysis of the pumping recovery data, Kipp and Mudd (1973) reported a
transmissivity value of 50,000 ft%/d.

Re-examination of the original test data indicates that, because of the
extremely short duration of the pumping test (i.e., less than 2 hours), the
pumping test drawdown and recovery data were influenced primarily by the
"delayed-yield" phenomenon exhibited by unconfined aquifers, and that true
radial flow conditions had not been established during the test. Because
radial flow conditions were not established before the test was terminated,
misapplication of straight-line analysis methods for the test data examined
would be expected to overestimate the aquifer’s hydraulic properties. Because
of these test deficiencies, test data for the first pumping test were not
reanalyzed or used in the report for estimating hydraulic properties.

The second test was conducted on September 25, 1969, at an average dis-
charge rate of 147 gpm. The test was terminated after a pumping period of
980 minutes. Kipp and Mudd (1973) reported transmissivity estimates for the
drawdown and recovery phases of 5,100 ft?/d and 13,000 ft2/d, respectively.
In analyzing the same test data, Deju (1974) reported transmissivity values of
7,400 ft?/d and 6,500 ft?/d for these test phases.

In our reanalysis, pumping test drawdown and recovery data were cor-
rected for a saturated thickness reduction, using the following correction
method originally presented by Jacob (1963):

s’ =5 - (s¥/2b) (B.2)
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where s’ = corrected drawdown or residual drawdown

s = observed drawdown or residual drawdown

aquifer thickness.

Log-log diagnostic analysis of the pressure change and the derivative of
pressure with respect to time, as shown in Figures B.1 and B.2, indicates that
radial flow conditions were only established in later test times during the
drawdown phase and were not actually attained during the measured recovery
test period. Results of straight-line analysis for the radial flow portion of
the drawdown test data are shown in Figure B.3. As indicated in the figure, a
transmissivity value of 3,460 ft’/d was obtained from the late-time data anal-
ysis. This represents the best estimate of transmissivity for the unconfined
aquifer in the vicinity of well 699-77-54. A best-estimate value of 48 ft/d
for equivalent hydraulic conductivity was also obtained from this test analy-
sis, based on the best-estimate value for transmissivity and an assigned aqui-
fer thickness of 72 ft.

Well 699-87-55

Pumping test data are available for one test conducted for well
699-87-55. The test was conducted on July 2 and July 3, 1969, at an average
discharge rate of approximately 105 gpm. The test was terminated after a
pumping period of 1170 minutes. Deju (1974) has reported that an average
transmissivity value of 4,500 ftz/d was obtained in analyzing both drawdown
and recovery test phases.

As was done in the well 699-77-54 reanalysis, pumping test drawdown and
recovery data were corrected for a saturated thickness reduction, using the
correction method of Jacob (1963). Log-log diagnostic analysis of the pres-
sure change and the derivative of pressure with respect to time, as shown in
Figures B.4 and B.5, indicates that radial flow conditions were established
only in later test times during the drawdown phase and were not attained dur-
ing the measured recovery test period. Results of straight-line analysis for
the radial flow portion of the drawdown test data are shown in Figure B.6. As
indicated in the figure, a transmissivity value of 1,950 ftz/d was obtained
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FIGURE B.1. Drawdown in Well 699-77-54

from the late-time data analysis. This represents the best estimate of trans-
missivity for the unconfined aquifer in the vicinity of well 699-87-55. A
best-estimate value of 55 ft/d for equivalent hydraulic conductivity was also
obtained from this test analysis, based on the best-estimate value for trans-
missivity and an assigned aquifer thickness of 35 ft.

Summary

A wide range in hydraulic properties has previously been reported for .
the unconfined aquifer, based on pumping test analyses conducted for wells
699-77-54 and 699-87-55 (Bierschenk 1959; Kipp and Mudd 1973; Deju 1974).
Re-examination of the original test data and analyses indicated that many of
the early pumping test analyses were in error. Reanalysis of the pumping test
data using log-log diagnostic analysis and semi-log straight-line analytical
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methods indicated considerably less range in the calculated values for hydrau-
lic properties between the two well sites. Best-estimate values for trans-
missivity and equivalent hydraulic conductivity based on the reanalysis range
from 1,950 to 3,460 ftz/day and from 48 to 55 ft/d, respectively. These esti-
mates are the best values available for the unconfined aquifer within the mid-
dle Ringold Formation in this part of the Hanford Site.
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APPENDIX C

PROGRAM TEST RUNS

Two sets of test runs of the WATER-VEL™ and WATDIS computer codes tested
the combined programs’ sensitivity to the inputs. Each test run used water-
level data from December 1987 and 1989 and June 1989, 1990, and 1991. (These
collection periods contained water-level data for all five wells in the net-
work.) To evaluate the respective influence of each input parameter, the pro-
gram inputs for hydraulic conductivity and the number of wells in the network
were varied. The hydraulic conductivity inputs used were 40, 50 and 60 ft/d.
Three of the wells providing hydraulic head input (699-78-62, 699-81-58 and
699-71-52) were deleted from the input file one at a time, Teaving input from
four wells for each run. Included here are the output files from each of the
test runs.
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Output files for Varying the Hydraulic Conductivity
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OUTPUT FROM PROGRAM WATDIS, Version 1.0

Battelle Pacific Northwest Laboratories

*

*

* Programmed by SK Wurstner,
*

* Septamber, 1991

*

LI 2N 3 2 4

ECHO OF INPUT

INPUT FILENAME: a:Jun91kS0.wvo
OUTPUT FILENAME: a:jun91kS0.out

TITLE: June 1991, all wells, ke50
COORDINATES OF POINT 1 Ews -61129.00 NS =« 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 §0.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT QUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .2580E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 88.34

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 88.34 DEGREES) .2838E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1598E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft42
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA .1175126+04 ft~3/day
: OUTPUT FROM PROGRAM WATODIS, Version 1.0 -

»
* Programmed by SK Wurstner, *
* Battelle Pacific Northwest Laboratories *
: September, 1991 *

*

INPUT FILENAME: a:Jjun90k50.wvo
OUTPUT FILENAME: a:junS0k50.out

TITLE: June 1990, all wells, k=50
COORDINATES OF POINT 1 EW= -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT QUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .1920E+00 ft/d
FLOW DIRECTION (DEGREES FROM + X-AXIS) 97.42 /day
EFFECTIVE POROSITY OF THE AQUIFER © L1100

CALCULATED VALUES

.................

DARCIAN VELOCITY (ANGLE OF 97.42 DEGREES) .2112€-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1450E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDWATER DISCHARGE ACROSS THE AREA .106612E+04 ft~3/day
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OUTPUT FROM PROGRAM WATDIS, Version 1.0

*

*

hd Programmed by SK Wurstner,

* Battelle Pacific Northwest Laboratories
* September, 1991

PR I

ECHO OF INPUT

INPUT FILENAME: a:dec89k50.wvo
OUTPUT- FILENAME: a:dec89k50.out

TITLE: December 1989, all wells, k=50
COORDINATES OF POINT 1 EWe -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT QUTPUT TO SCREEN NG

GROUNDWATER VELOCITY (FROM WATER-VEL) .1380E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 114.99

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

.................

DARCIAN VELOCITY (ANGLE OF 114.99 DEGREES) .1518E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1327€-01 ft/day
AREA OF THE SATURATEC CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA .975585E+03 ft~3/day
* QUTPUT FROM PROGRAM WATDIS, Version 1.0

* -

* Programmed by SK Wurstner, *

*  Battelle Pacific Northwest Laboratories *

* September, 1991 -

* *

INPUT FILENAME: a:jun89k50.wvo
OUTPUT FILENAME: a:jun89kS0.out

TITLE: June 1989, all wells, k=50
COORDINATES OF POINT 1 W= -61129.00 NS = 86674.00
COORDINATES OF POINT 2 W= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 $0.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .1720E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 102.29

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

.................

DARCIAN VELOCITY (ANGLE OF 102.29 DEGREES) .1892E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1411E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDMATER DISCHARGE ACROSS THE AREA .103751E+04 ft~3/day
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OUTPUT FROM PROGRAM WATDIS, Version 1.0

Programmed by SK Wurstner,
Battelle Pacific Northwest Laboratories
September, 1991

* ® % ¢ %D
* & % % @

ECHO OF INPUT

INPUT FILENAME: a:jun91k40.wvo
OUTPUT FILENAME: a:jun91k40.out

TITLE: June 1991, all wells, k=40
COORDINATES OF POINT 1 EWs -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .2070E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 88.34

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 88.34 DEGREES) .2277E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1282E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA .942831E+03 ft~3/day
: OUTPUT FROM PROGRAM WATDIS, Version 1.0 *

»
* Programmed by SX Wurstner, *
. Battelle Pacific Northwest Laboratories *
: September, 1991 *

L

ECHO OF INPUT

INPUT FILENAME: a:jun90k40.wvo
OUTPUT FILENAME: a:jun90k40.out

TITLE: . June 1990, all wells,-k=40
COORDINATES OF POINT 1 EW= . -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT QUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .1530E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 97.42

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 97.42 DEGREES) .1683E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1155E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDWATER DISCHARGE ACRDSS THE AREA .849561E+03 ft~3/day
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OUTPUT FROM PROGRAM WATDIS, Version 1.0

Battelle Pacific Northwest Laboratories

*

L

. Programmed by SK Wurstner,
w

. September, 1991

-

L2 IR R BN BN 4

-------------

INPUT FILENAME: a:dec89k40.wvo
OUTPUT- FILENAME: a:dec89k40.out

TITLE: - December 1989, all wells, k=40
COORDINATES OF POINT 1 EWe -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 faeet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .1100€+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 114.99

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 114.99 DEGREES) .1210€-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1057E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNOWATER DISCHARGE ACROSS THE AREA .777640E+03 ft*3/day

OUTPUT FROM PROGRAM WATDIS, Version 1.0

Battelle Pacific Northwest Laboratories

]

w

* Programmed by SK Wurstner,
-

. September, 1991

w

LR B BE 2N BN J

ECHO OF INPUT

INPUT FILENAME: a:jun89k40.wvo
OUTPUT FILENAME: a:jun89k40.out

TITLE: June 1989, all wells, k=40
COORDINATES OF POINT 1 EW= -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EWe -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT | 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .1370E+00 ft/day
FLOM DIRECTION (DEGREES FROM + X-AXIS) 102.29

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

.................

DARCIAN VELOCITY (ANGLE OF 102.29 DEGREES) .1507E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1124E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ftA2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDWATER DISCHARGE ACROSS THE AREA .826391E+03 ft~3/day
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OUTPUT FROM PROGRAM WATDIS, Version 1.0

L ]

t 4

* Programmed by SK Wurstner,

* Battelle Pacific Northwest Laboratories
* September, 1991

L ]

L2 IR N 2N BN 4

ECHO OF INPUT

INPUT FILENAME: a:jun91k60.wvo
OUTPUT- FILENAME: a:jun91k60.out

TITLE: June 1991, all wells, k=60
COORDINATES OF POINT 1 EW= -61129.00 NS = 86674.00
COORDINATES OF POINT 2 W= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .3100E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AX1S) 88.34

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 88.34 DEGREES) .3410E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1920E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA .141197€+04 ft~3/day
*  QUTPUT FROM PROGRAM WATOIS, Version 1.0  *

* *

* Programmed by SK Wurstner, *

*  Battelle Pacific Northwest Laboratories *

* September, 1991 »

* *

INPUT FILENAME: a:jun90k60.wvo
OUTPUT FILENAME: a:jun90k60.out

TITLE: June 1990, all wells, k=60
COORDINATES OF POINT 1 EW= -6§1129.00 NS = 86674.00
COORDINATES OF POINT 2 W=  -50266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .2300E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 97.42

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 97.42 DEGREES) .2530E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1737E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDWATER DISCHARGE ACROSS THE AREA .127712E+04  ftA3/day
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OUTPUT FROM PROGRAM WATDIS, Version 1.0

Battelle Pacific Northwest Laboratories

.
t ]
Programmed by SK Wurstner, hd
*
September, 1991 *

*

* % % % % ¢ N

ECHO OF INPUT

INPUT FILENAME: a:dec89k60.wvo
OUTPUT FILENAME: a:dec89k60.out

TITLE: December 1989, all wells, k=60
COORDINATES OF POINT 1 EWe  -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EWe -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT QUTPUT TO SCREEN N0

GROUNDWATER VELOCITY (FROM WATER-VEL) .1650E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 114.99

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 114.99 DEGREES) .1815E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1586E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) §4.07
GROUNDWATER DISCHARGE ACROSS THE AREA .116646E+08 ft~3/day
: OUTPUT FROM PROGRAM WATDIS, Version 1.0 T

*
* Prograsmed by SK Wurstner, *
* Battelle Pacific Northwest Laboratories *
: September, 1991 *

*

INPUT FILENAME: a:jun89k60.wvo
OUTPUT. FILENAME: a:jun89k60.out

TITLE: June 1989, all wells, k=60
COORDINATES OF POINT 1 EW= -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT | $0.0000 feet
SATURATED THICKNESS AT POINT 2 $0.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .2060E+00 ft/d:
FLOW DIRECTION (DEGREES FROM + X-AXIS) 102.29 /ey
EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 102.29 DEGREES) .2266E-01 ft/da
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1690E-01 ft;da;
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA .124260E+04 ftA3/day

c.8
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OUTPUT FROM PROGRAM WATDIS, Version 1.0

Programmed by SK Wurstner,
Battelle Pacific Northwest Laboratories
September, 1991

L2 2 2N 2N BN B

ECHO OF INPUT

INPUT FILENAME: a:junS1-71.wvo
OUTPUT FILENAME: a:jun9l-71.out

TITLE: June 1991, ainus well-71-52, ke50
COORDINATES OF POINT 1 W= -61129.00 NS =  86674.00
COORDINATES OF POINT 2 €W= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT QUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .3110E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 96.96

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 96.96 DEGREES) .J421E-0]1 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .2328E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AX1S) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA 1712146404 ft~3/day
*  OUTPUT FROM PROGRAM WATDIS, Version 1.0 *
L -
. Programmed by SK Wurstner, >
- Battelle Pacific Northwest Laboratories *
* September, 1991 -
- -

ECHO OF INPUT
INPUT FILENAME: a:jun90-71.wvo
OUTPUT FILENAME: a;Jun9o-7l.out
TITLE: June 1990, minus well 71-52, k=50

COORDINATES OF POINT 1 EWe -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EWe -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .2410E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 105.13

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 105.]3 DEGREES) .2651E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .2062E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDWATER DISCHARGE ACROSS THE AREA .151630E+04 ft~3/day

C.10
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QUTPUT FROM PROGRAM WATDIS, Version 1.0

*

*

* Programmed by SK Wurstner,

. Battelle Pacific Northwest Laboratories
. September, 1991

L]

LN BN BN N BN ]

INPUT FILENAME: a:dec89-71.wvo
OUTPUT FILENAME: a:dec89-71.out

TITLE: December 1989, minus well 71-52, k=50
COORDINATES OF POINT 1 EWe -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EWs -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT QUTPUT TO SCREEN NO

GROUNOWATER VELOCITY (FROM WATER-VEL) .1760E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 118.73

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN YELOCITY (ANGLE OF 118.73 DEGREES) .1936E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1750E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AX1S) 54.07
GROUNDWATER OISCHARGE ACROSS THE AREA .128672E+04 ftA3/day
*  OUTPUT FROM PROGRAM WATDIS, Version 1.0 hd
- -
d Programmed by SK Wurstner, *
bl Battelle Pacific Northwest Laboratories *
: September, 1991 *

-

.............

INPUT FILENAME: a:jun89-71.wvo
OUTPUT FILENAME: a:jun89-71.out

TITLE: June 1989, minus well 71-52, k=50
COORDINATES OF POINT 1 EWe -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = B87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-YEL) .2050E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 107.44

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 107.44 DEGREES) .2255E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1810E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft+2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDWATER DISCHARGE ACROSS THE AREA .133076E+04 ftA3/day

C.11



OUTPUT FROM PROGRAM WATDIS, Version 1.0

»

-

* Progranmed by SK Wurstner,

* Battelle Pacific Northwest Laboratories
* September, 1991

»

P2 N A

ECHQ OF INPUT

INPUT FILENAME: a:jun91-78.wvo
OUTPUT FILENAME: a:jun91-78.out

TITLE: June 1991, minus well*78-62, k=50
COORDINATES OF POINT 1 Ew= -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EWe -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER YELOCITY (FROM WATER-VEL) .2610E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 80.35

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 80.35 DEGREES) .2871E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY L1271E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA .934713E+03 ft"3/day
* OUTPUT FROM PROGRAM WATDIS, Version 1.0 *

* *

* Programmed by SK Wurstner, hd

* Battelle Pacific Northwest Laborateories +

* September, 1991 *

* *

ECHO OF INPUT

INPUT FILENAME: a:jun30-78.wvo
OUTPUT FILENAME: a:jun30-78.out

TITLE: June 1990, minus well 78-62, ke50
COORDINATES OF POINT 1  Ew= -61120.00 NS =  86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS =  87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .1920E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 78.69

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 78.69 DEGREES) .2112E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .8798E-02 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNOWATER DISCHARGE ACROSS THE AREA .646973E+03  ft*3/day

C.12



QUTPUT FROM PROGRAM WATDIS, Version 1.0

Programmed by SK Wurstner,
Battelle Pacific Northwest Laboratories
September, 1991

* t * & % &
LI BN 2N BN B 2

ECHO OF [NPUT

INPUT FILENAME: a:dec89-78.wvo
OUTPUT FILENAME: a:dec89-78.out

TITLE: December 1989, minus well 78-62, k=50
COORDINATES OF POINT 1 EWs -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EWe -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED, THICKNESS AT POINT 2 50.0000 feet
PRINT OQUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .1270E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 74.83

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 74.83 DEGREES) .1397E-01 ft/day
NORMAL COMPONENT OF THE OARCIAN VELOCITY .4951E-02 ft/day
AREA OF THE SATURATED CRQSS-SECTION .735400E+05 ft*2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA .364101E+03 ft~3/day
*  QUTPUT FROM PROGRAM WATDIS, Version 1.0  *
* *
* Programmed by SK Wurstner, *
*  Battelle Pacific Northwest Laboratories *
* September, 1991 *
* *

ECHO OF INPUT
INPUT FILENAME: a:jun89-78.wvo
OUTPUT: FILENAME: a:Jjun89-78.out
TITLE: June 1989, minus wall 78-62, k=50

COORDINATES OF POINT 1 EW= -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS =« 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .1700E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 75.82 i
EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 75.82 DEGREES) .1870E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .6929E-02 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft+2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDWATER DISCHARGE ACROSS THE AREA .509524E+03 ft*3/day

C.13



OUTPUT FROM PROGRAM WATDIS, Version 1.0

L ]

»

* Programmed by SK Wurstner,

* Battelle Pacific Northwest Laboratories
. September, 1991

*

:Q'Q..Q

ECHO OF INPUT

[NPUT FILENAME: a:jun9l-81.wvo
OUTPU'T FILENAME: a:Jjun9l-81.out

TITLE: June 1991, minus well-81-58, k=50
COORDIRATES OF POINT 1 EWe -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EWe -60266.00 NS =« 87865.00

SATURATED THICKNESS AT POINT | $0.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .2560€+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 88.46

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 88.46 DEGREES) .2816€-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1590E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA .116960E+04 ft~3/day
* QUTPUT FROM PROGRAM WATDIS, Version 1.0

* *

* Prograsmed by SK Wyrstner, *

*  Battelle Pacific Northwest Laboratories *

> September, 1991 *

* -

ECHO OF INPUT

INPUT FILENAME: a:3jun90-81.wvo
OUTPUT FILENAME: a:3un90-81.out

TITLE: June 1990, minus well 81-58, k=50
COORDINATES OF POINT 1 EWe -61129.00 NS = 86674.00
COORDINATES QF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .2430E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 92.60

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 92.50 DEGREES) .2673t-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1665E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDWATER DISCHARGE ACROSS THE AREA .122442E+04 ft~3/day
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* OUTPUT FROM PROGRAM WATDIS, Version 1.0  *

* -

* Programmed by SK Wurstner, *

*  Battelle Pacific Northwest Laboratories *

* September, 1991 *

* *

ECHO OF INPUT

INPUT FILENAME: a:dec89-81.wvo

OUTPUT. FILENAME: a:dec89-8l.out

TITLE: December 1989, minus well 81-58, k=50

COORDINATES OF POINT 1 EWe -61129.00 NS « 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) .2450E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 96.38

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 96.38 DEGREES) .2695€-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1814E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400€E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07
GROUNDWATER DISCHARGE ACROSS THE AREA .133403E+04  ft~3/day
* OUTPUT FROM PROGRAM WATDIS, Version 1.0 *
* *
- Programmed by SK Wurstner, *
*  Battelle Pacific Northwest Laboratories *
> September, 1991 *
2 *

ECHO OF INPUT
INPUT FILENAME: a:jun89-81.wvo
OUTPUT FILENAME: a:jung89-81.out
TITLE: June 1989, minus well 81-58, k=50

COORDINATES OF POINT 1 EW= -61129.00 NS = 86674.00
COORDINATES OF POINT 2 EW= -60266.00 NS = 87865.00

SATURATED THICKNESS AT POINT 1 50.0000 feet
SATURATED THICKNESS AT POINT 2 50.0000 feet
PRINT OUTPUT TO SCREEN NO

GROUNDWATER VELOCITY (FROM WATER-VEL) J2660E+00 ft/day
FLOW DIRECTION (DEGREES FROM + X-AXIS) 92.30

EFFECTIVE POROSITY OF THE AQUIFER .1100

CALCULATED VALUES

DARCIAN VELOCITY (ANGLE OF 92.30 DEGREES) .2926E-01 ft/day
NORMAL COMPONENT OF THE DARCIAN VELOCITY .1811E-01 ft/day
AREA OF THE SATURATED CROSS-SECTION .735400E+05 ft~2
ANGLE OF THE CROSS-SECTION (DEGREES FROM + X-AXIS) 54.07

GROUNDWATER DISCHARGE ACROSS THE AREA .133148E+04 ft*3/day
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