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ABSTRACT

Aquifer systems derived from fluvial, eolian, glacial or mass movement
processes may have considerable wvertical and areal variability in saturated
thickness, hydraulic conductivity, transmissivity, specific yield, and bed thickness.
Frequently, hydraulic data from aquifer tests are not readily available, whereas
lithologic and grain-size information from driller’s logs is generally abundant.
Therefore, the method of moments was devised to evaluate the aquifer properties
for individual lithologic units based on drillers’ information. These estimates
provide vital information about aquifer characterization and are useful for
hydraulic analysis and computer modeling.

The purpose of this study was to estimate the vertical variability of hydraulic
conductivity, transmissivity, and specific yield for four simulated geologic
configurations using the method of moments. The objectives were to: 1) test the
applicability of measuring vertical variability using the method of moments and
the 0.5 criterion for mlaﬁve center of gravity (RCOG); 2) conduct a sensitivity
analysis of the method of moments approach to estimating material parameters
such as hydraulic conductivity, transmissivity, and specific yield; and 3) evaluate
the effects of changes in the water (fully versus partially saturated) on the results

of the method of moments analysis.
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Results show that the 0.5 criterion for RCOG is valid on a case-by-case basis
depending primarily upon the geometry of the geologic configuration and,
secondarily, upon the thickness of the individual geologic units. Sensitivity
analyses reveal that the RCOG value is insensitive to changes in the parameters
of hydraulic conductivity and transmissivity to +2 orders of magnitude and +15%

for the parameter of specific yield.
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Chapter 1

INTRODUCTION

Aquifer systems derived from fluvial, eolian, glacial, or mass movement processes,
composed of interbedded clay, silt, sand, and gravel (consolidated or unconsolidated),
may have considerable vertical and areal variability in saturated thickness, hydraulic
conductivity, specific yield, and bed thickness. Frequently, hydraulic data from
aquifer tests are not readily available, whereas lithologic and grain-size information
from drillers’ logs is generally abundant. Therefore, the vertical variability method
was devised to evaluate the variability of aquifer properties using estimates of
saturated thickness, hydraulic conductivity, specific yield, and bed thickness, for
individual lithologic units based on drillers’ lithologic logs (Weeks, Gutentag and
Kolm, in press). These estimates provide vital information about aquifer

characterization and are useful for hydraulic analysis and computer modeling.

Objectives
The objectives of this study were to use four simulated geological configurations
with direct depositional analogs to:
1) test the applicability of measuring vertical variability using the method
of moments and the 0.5 criterion; and
2) conduct a sensitivity analysis of the method of moments approach to estimated

material parameters, such as hydraulic conductivity, transmissivity and
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storativity; and

3)  evaluate the effects of changes in the water table (fully versus partially
saturated conditions) on the results of the vertical variability analysis.

The results of these tests and analyses may then be used to predict aquifer system

dimensionality or layering for modeling purposes.
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Chapter 2

VERTICAL VARIABILITY AND THE METHOD OF MOMENTS

The study of vertical variability using the method of moments has been
investigated by various authors since the mid 1950’s. The original use of the method
of moments was to determine the thickness of sand units from lithologic logs.
Krumbein and Libby (1957) applied the method of moments when preparing maps
showing the center of gravity and standard deviation of the thicknesses of specific
lithologic rock units in north-central Wyoming. Meyboom (1960) used the method
to determine vertical variability of the Milk River sandstone bed thicknesses.
Geologic mapping techniques using the method of moments for thickness
determination in hydrologic computer modeling of the Las Vegas Valley in Nevada
were applied by Domenico and Stephenson (1964). The method was also applied by
Winter (1975) to the thickness of sand and gravel units in glacial-drift deposits in
northwestern Minnesota.

Recently, this method has been suggested as a means to estimate the variability
of aquifer parameters such as hydraulic conductivity, transmissivity, storativity, and
well yield (Weeks, Gutentag and Kolm, in press). Ashworth (1980), Kolm and Case
(1983), Bryn (1984), Gutentag, et al (1984), and Hansen (1989), have successfully

applied this method to various sections of the High Plains regional aquifer.

ARTHUR LAKES LIBRARY
COLORADO SCHOOL OF MINES

GOLDEN, CO 80401
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Method of Moments Calculations

The me;thod of moments can be used to evaluate vertical variability of aquifer
properties by calculating the first moment or center of gravity (COG) of the vertical
distribution of aquifer properties estimated from lithologic or experimental logs. The
COG of the distribution of any property (P) can be calculated from the following
equation:

COG(P) = iP,M,. / i P, Y

i=1 i=1

where the moment arm (M) is the distance from a reference plane (e.g.the base of
the geologic unit or aquifer) to the midpoint of the ith lithologic unit that has a value
P; of the aquifer property.

The COG has the dimension of length and can be made dimensionless by
dividing it by the saturated thickness of the aquifer. This number is referred to as
the relative COG (RCOG) and is calculated by the following equation:

RCOG(P) = COG(P) | E L, @

i=1

where ¢; is the thickness of the ith lithologic uﬂit. To use the above equations, a

geologic log is divided into n lithologic units and a value of the aquifer parameter
is assigned to each upit (Figure 1).

The RCOG indicates the centroid of the parameter distribution within the

lithologic section at a given log site. Therefore, a RCOG of 0.5 indicates that
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a weighted parameter for that log location can be equally distributed across the
entire lithologic section at that location.

The RCOG calculations and accompanying sensitivity analyses were accomplished
using the QUATTRO PRO version 4.0 spreadsheet software by Borland
International, Inc. An example of the spreadsheets are presented in Appendix A for
geologic configuration #2A and the parameter of hydraulic conductivity. Appendix
B contains example summary tables and graphs of sensitivity analysis for all three
hydraulic parameters and geologic configuration #2A. Appendix C describes the
contents of the several computer disks found inside the front cover. These disks
contain the actual spreadsheets, summary tables, and sensitivity analysis graphs

presented in Appendices A and B.
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Chapter 3

METHODS

For this study, the method of moments is used to evaluate the vertical variability
and sensitivity of four simulated geological configurations. The four configurations
were chosen from idealized geologic depositional conditions which represented a
diverse cross-section of common geologic environments.

Vertical variability calculations using the method of moments are calculated for
each configuration to determine its relative center of gravity (RCOG) based on the
0.5 criterion.

A sensitivity analysis is performed on each of four geologic configuration by
varying hydraulic conductivity (K), transmissivity (T), specific yield (Sy),and thickness
(b) values. The hydraulic conductivity and transmissivity parameters for each layer
are incrementally increased or decreased independently by one order of magnitude
to a maximum of +10 orders to determine the sensitivity of the RCOG value. A
second sensitivity analysis was conducted to determine the effects of increasing or
decreasing a given parameter when two layers are changed simultaneously in the
same direction and the same order of magnitude.

The specific yield parameters were independently increased or decreased by 0.05
increments to a maximum of +0.25. In all cases, when the result of the subtraction
was less than 0.00, the value assigned was 0.00. A second analysis was conducted for

changes in specific yield to two layers simultaneously as discussed above.
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Additional analyses were conducted on the four configurations by varying the
thicknesses of the individual geologic units. The four thickness variations were
assigned the following designations:
(i) defining the gravel layer as the thickest unit and the silt layer as the
thinnest;
(ii) defining the silt layer as the thickest unit and the gravel layer as the
thinnest;
(iii) defining the sand layer as the thickest unit and the silt layer as the
thinnest; and
(iv) defining all layers as the same thickness.

The overall configuration thickness in all cases was maintained at 100 feet.

Lastly, the effects of a changing water table were evaluated to determine the
effects in the vertical variability using the method of moments. The total thickness
for each configuration was set at 100 feet. The saturated thickness was varied for
purposes of determining the effects of changing water table conditions on each of the
four configurations. Water table conditions used include:

a) fully saturated (100 feet of saturated thickness),
b) a drawdown of 10 feet - (90 feet of saturated thickness), and
©) a drawdown of 50 feet - (50 feet of saturated thickness).
In total, this study included a sensitivity analysis for 217 separate variations of the

four given geologic configurations.
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Chapter 4

GEOLOGIC CONFIGURATIONS/RATIONALE

The four simulated geologic configurations to be used in this analysis included
an eolian deposit, two-cycle fluvial deposit, incomplete two-cycle fluvial deposit, and
a one-cycle fluvial deposit (Figure 2). A brief description of the depositional

environment for each geologic configuration is as follows:

Eoli its (#1):

This configuration is characterized by fine to medium-grained (0.06 - 0.2 mm),
moderately well-sorted and well-rounded sand (Ahlbrandt and Fryberger, 1980).
These wind-blown deposits are the result of many years of relatively constant winds
which carry finer materials away, leaving coarser materials. These coarser materials
are transported much shorter distances and are subject to a high degree of
bombardment from each other causing a more rounded characteristic of the grains.
This configuration assumed no interlayers or interdunal deposits in the stack.

GEOLOGICAL ANALOG: Nebraska Sand Hills

Two-cycle fluvial deposits (#2):

This configuration, characterized by the fining-upward sequence, is dominated by
the fluvial, mixed-load, meanderbelt sorting process which tends to mask the effects
of weathering during transport (Schumm, 1977). The lateral migration of a river

across its flood plain coupled with a gradual adjustment of the basin floor in response
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to regional uplift or the weight of the sediments, is the general environment in which
these deposits occur. A repeated cycle of this event (gravel, sand and silt over gravel,
sand and silt), without an erosional episode between cycles, is the depositional

scenario for this configuration.

GEOLOGICAL ANALOG: Arapahoe -Denver Formation sequence (Robson,
1987)
Incomplete two-cycle fluvi i

This configuration is identical in its physical and mineralogical character to that
of the two-cycle fluvial deposit described above. The difference is that a coarsening-
upward sequence (silt, sand, and gravel) is found below the fining-upward sequence
(gravel, sand, and silt). This particular configuration orientation is assigned the "A"
series designation.

The "B"series represents a coarsening-upward sequence (silt, sand, and gravel)
overlying a fining-upward sequence (gravel, sand, and silt). This deposit may be
typical of a region which has been greatly affected by climatological change. This
series is discussed here because of its regional significance.

GEOLOGICAL ANALOG: Denver-Dawson  Formation sequence  (fines

missing in the Dawson sequence) (Robson, 1987)

One-cycle fluvial (#4):

This configuration is identical to the lowest or first cycle described in geologic

configuration #2 and #3 (gravel, sand, and silt).
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This configuration may also describe a wet alluvial fan system whereby fluvial
activities on an alluvial fan form sheetlike deposits of poorly graded sands and
gravels. This occurs as the flow becomes unconfined on the fan surface and causes
the width to increase so dramatically that both the depth and velocity decrease to a
level where flow can no longer transport a load.

GEOLOGICAL ANALOG: Arapahoe Formation sequence (Robson, 1987)

A fifth geologic configuration was initially included to provide the end member
for the uniform eolian configuration. This configuration was designed to be
homogeneously heterogeneous (scale dependent) and represents a mass movement-
type deposit. Hydrogeologic parameters could have been assigned assuming truly
homogeneous heterogeneities, however, the +10 order of magnitude changes in
parameters assigned to the eolian configuration effectively demonstrate the sensitivity

analysis expected for this configuration.
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Chapter 5

ATTRIBUTE SELECTION/RATIONALE

For purposes of this study the four geologic configurations were limited to
various vertical combinations of silt, sand, and/or gravel. These geologic units were
chosen based upon their distinctly different hydraulic conductivity, transmissivity, and
specific yield values and for purposes of covering as large a range of values as
possible in any one geologic configuration.

The original configurations were designated the "A" series of analyses and
numbered accordingly (Figure 3a). A second complete set of analyses were
conducted on each configuration after completely inverting the geologic sequence
(i.e. changing from a fining-upward sequence to a coarsening-upward sequence).
These analyses were designated the "B"series and numbered accordingly (Figure 3b).
Designations for thickness variation were based upon those defined in Chapter 3.
An example of these designations is presented in Figure 4. Saturated thickness
variations were denoted by indicating the thickness immediately following the
parameter tested in the title of each analyses. Those analyses whose titles have no
value following the tested parameter indicate that they were performed upon
geologic configurations which were fully saturated.

Hydraulic conductivity values were assigned based upon table values from both
laboratory and field analysis (Freeze and Cherry, 1979) for silt/loess (107 gpd/ft’),

silty sand (10 gpd/ft’), and gravel (10* gpd/ft®). These values provide a three order



41 EOLIAN

F———-SILT———]

e e c— —— ttane it S

43 INCOMPLETE
TWO—CYCLE FLUVIAL

Figure 3a.

——siT——

R
- “U3SAND T
P, - s .t e e

hd S

e e e —

— — —— S—— w—m——

e — — —

| SILT— —

——— — —— ——

. SAND "

o o d
DO@AVELOOL

<
OOQO

O o d

"A" Series Geologic Configurations.

14

#2 TWO-CYCLE FLUVIAL

#4 ONE-CYCLE FLUVIAL



ER-4148 15

i

#2 TWO-CYCLE FLUVIAL

505005 o
S GRAVEL O C o d
O o O d
< OO 9 DOGRAVELOO%
L USAND L SPNENe
S O o
— —— 2L —— | @, o ()
e
~SAND . SAND
< ”o(;d’ oc - —
GRAVEL o ::_—__'___—:__—
00020002 _.’._'_'TTH_-:__
#3 INCOMPLETE #4 ONE—-CYCLE FLUVIAL

TWO-CYCLE FLUVIAL

Figure 3b.  "B" Series Geologic Configurations.



ER-4148

==
1 SAND
s riinl 50"
o SO &0
L 100
10°
< SAND. - 1'5'~
o oOO‘oO O f
D, GRAVEL 0,0| 25
C o 0% 0
QO o O o O ‘
#2A(i
i
" SAND:: | 80°
) 0GR 55 O
—-SILTI=— 100 100°
. ’.‘:-S-A‘Np" . 2‘5:
ST i
gGRAng‘ o %
ST O Q4 \
#2A(iii)
Figure 4.

16
] !
———— ——— ]
F—— -SILT-———
] 50
"SAND.
O CRAVELT
Se e I
————suT——o 25'
SEaRe
. "YYSAND R 1'5
S Clotr O ;
a0 SRAYEL O "°
42 A(ii
- ———————1 |
F—— —SILT——
e SlAND" . 50°
O o O 0
0O O@RﬁV%LD O
a1 100
- — —SILT———{] 16.7°
'_—:—_—'_‘—:-:: L]
.:'__': s . ‘
SaNDi ST
5 (Jno.0d 3
OOCG RAVEL” | 18.7°
O o-0d 1 \
#2A(iv)

Assigned Thickness Variations (#2A).



ER-4148 17

of magnitude difference between the geologic materials, respectively and a six order
of magnitude difference from the lowest to the highest values. For example, the two-
cycle fluvial geologic configuration is displayed with representative hydraulic
conductivity values (Figure 5).

Transmissivity values were also based upon the table values for selected hydraulic
conductivity and the thicknesses assigned to each geologic unit for each of the four
configurations. As an example, the two-cycle fluvial geologic configuration is
displayed with representative transmissivity values (Figure 6).

Specific yield values were assigned based upon published work by Johnson (1967)
who compiled specific yield values from both laboratory and field methods for
various materials for the U.S. Geological Survey in cooperation with the California
Department of Water Resources. Johnson summarized and averaged the values from
numerous sources in a summary table at the end of the publication. The average
specific yield values from that table for silt (0.08), a medium sand (0.26) and a
medium gravel (0.23) were used for this study. The two-cycle fluvial geologic

configuration is displayed with representative specific yield values (Figure 7).
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Chapter 6
RESULTS

The initial step of the analysis of vertical variability using the method of moments
is to mathematically predict the results of the analyses based upon equation (2). By
taking the partial derivative with respect to the changing parameter (P), a slope of
the resulting line (representing the RCOG for any change in P, could be predicted.
Review of equation (2) indicates that it is the equivalent of equation (1) divided by
the sum of the thickness of each individual layer. Since the thickness of each layer
has been assigned, the denominator is a constant. Therefore, for purposes of
evaluating the slope of the RCOG line with respect to some change in a given
parameter (P), a partial differentiation of equation (1) is applicable if a constant («)

is in the denominator:

reo6@) = 220 . Y PM, | a3 P, ; 3
i=1 i=1
ARCOG() = 2 (Y PM,| «3°P) AP, . @
an i=1 i=1

The order of magnitude change that is made to each parameter ( P) in each
analysis involving hydraulic conductivity and transmissivity must be defined as a
function of some variable (r) which increases incrementally from O to +10. The

function assigned is P(r) = e€™!°. For the analyses involving specific yield, the
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function must relate to the addition and subtraction of multiples of 0.05. The
function used, in this case, was P,(r) = 1+0.05r.

Equation (2) for a three-layer geologic configuration (i.e. #4), with changes in
hydraulic conductivity or transmissivity to layer 1 would be:

0 1 Ple'thl + P2M2 + PSMS (5)
aPI o Ple""w + Pz + P3 .

RCOG(P) = f'(r) =

The derivative of €™'?is In10(e” ®'°) or In10(10"). Thus, the partial derivative with

respect to r for the general form of equation (2) after canceling like terms is as

follows:
7o) = 1 (P,+P) Inl10(10)P,M, - In10(10)P, (P,M,+P,M,) . ©
@ (P,10"+P,+P,)
Rearranging the numerator yields:
7y = 1 (nlO-P) 10" (P,M, + PM, - PM, - P,M,) . D

o (P,10" + P, + P,

In this case, only the parameter (P) for layer one is changing. The remaining
values have been fixed and, therefore, constant. General constants (o, u,and 7) can
be used in those parts of the equation that are coﬂstant. Using these symbols, a
general form of partial derivative with respect to a parameter (P) for a three-layer

geologic configuration can be depicted:
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fi¢) = RcoGpy = L 1Y . ®)
@ (uio + 1)’
- RCOG(P) = — 310 ©)
a(pl0” + 1:)2

This general form. of the equation for RCOG(P) is used to predict the slope at
various points on a curve depicting the results of the sensitivity analysis. For
example, when ris equal to + oo, the general form of the equation is;

Flirm) ~ —= (10)
(+29)

indicating that the slope of the line approaches zero. When r is equal to -oo, the

general form of the equation is;

fll-=) = — (11)

(-
indicating that the slope of the line again approaches zero. A third point of interest
for the RCOG(P) line occurs when ris equal to zero (0). At this point, the general
form of the equation is;
fo = ——, (12)
a(p + 1)
which does not provide a clear definition of the slope at this location. Examining the
actual equations represented by the greek letters enables a better visualization. This

form of the equation looks like:



ER-4148 24

In10-P,10° [M,(P,+P,) - M,P,-M,P,}
(P,10" + P, + P

1) = (13)

If the maximum moment arm (M, assigned is 100 feet, and the maximum
parameter (P, is-10,000 gpd/ft, this equation shows that the numerator is much
smaller than the squaréd denominator. Therefore, the slope of the line is nearly zero
as r approaches zero (0).

The above derivation and resulting general form of the equation (#3) is not only
representative of a three-layer system but is equally representative of a six-layer
geologic configuration. However, the actual values of the assigned constants will be
different. The general form of the equation defined for the slope of the RCOG line
(#9) at the limits previously discussed (#10, 11, and 12), are also representative.

This derivation also applies for both the three- and six-layer configuration when
the tested parameter (P) is transmissivity, because the transmissivity is equal to the
hydraulic conductivity times the thickness. Since the thickness is being held constant
for each case, a similar form of the partial differential equation can be expected. A
review of the equation governing the changes in the sensitivity analysis for the
parameter of specific yield indicates that the change in P, as a function of (7) is +
0.05r. Therefore, equation (2) for a three-layer geologic configuration (#4 on Figure
3a), with changes in specific yield to layer 1, is:

(P,+0.05NM, + P,M, + P.M,
(P,+0.05r) + P, + P,

0

14
> (14)

RCOG(PY = f(r) =

1
a
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The derivative of 0.05r = 0.05. Thus, the partial derivative with respect to P, for
the general form of equation (2) after canceling like terms is as follows:

(P,+P,) 0.05M, - 0.05(P,M,+P,M.)

15
[(P,+0.051) + P, + P} )

fio =1
o

Rearranging the numerator yields:

oy - L 005 IP.O1,-M) + PO, 6
@  [(P,+0.05F) + P, + PJ?

Using general constants, a general form of the partial derivative with respect to a

parameter (P) for a three-layer geologic configuration is:

foy -2 —2— an
a

. RCOG(P)' = id ) (18)
a(p + 0.05r)

This general form of the equation can be used to predict the slope at various points
on the RCOG(P) curve representing the results of the sensitivity analysis. For
instance, when ris equal to + oo, the general form of the equation goes to:
fliee = =, (19)
(=)
indicating that the slope of the line approaches zero.
A third point of interest regarding the RCOG(P) line is when ris equal to zero

(0). At this point, the genex;a.l form of the equation is:
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fo=-——, (20)
a(p)

which does not provide a clear definition of the slope at this location. Examining the
actual equations represented by the greek letters enables a better visualization. This

form of the equation is:

0.05 ¥ P(M,-M)

fo = —*=
(P, + P, + P

@D

If the maximum moment arm (M, assigned is 100 feet, and the maximum
parameter (P, is 1.0 or 100 percent, this equation shows that the numerator is
potentially much larger than the squared denominator. However, the 0.05 multiplier
in the numerator would reduce the maximum moment-arm value to § instead of 100
feet. Therefore, the slope of the lir_ne, when r is equal to zero (0), is difficult to
examine generally, but in most circumstances would be a value other than zero. This
slope depends on the actual values for the specific yield and moment arm of each
layer. It should also be noted that the values for (P, + 0.057) can never be less than
zero since values of specific yield in nature can not be less than 0.0 (less than 0%).
Therefore, the sensitivity analysis conducted on the parameter of specific yield can

not be lowered more than the originally assigned value for that lithologic unit.

Graphical Versus Mathematical Analyses

Calculations of RCOG and the change in RCOG with parameter variations were
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performed for each geological configuration. Example summary tables and graphs
for geological configuration #2A are presented in Appendix B. An example of the
spreadsheet calculations for geologic configuration #2A for hydraulic conductivity is
presented in Appendix A. These calculations and graphical analyses are then
compared with the mathematical analysis for each geologic configuration.

A review of the graphs indicates that their general appearance was predicted
accurately by mathematical estimations using the general form of the equation
applicable for that configuration (Equations #9 or #18). The mathematical analysis,
however, was not able to predict qualitatively for the "A" series of geologic
configurations, changing one layer’s hydraulic conductivity or transmissivity value at
a time, that the slope of the RCOG line effectively became zero at r < -Sand r >
0 orders of magnitude for sand, r <0 and r > 5 orders of magnitude for gravel, and
r <2 and r > 7 orders of magnitude for silt. This is graphically illustrated for the

parameter of hydraulic conductivity and geologic configuration #2A in Figure 8.
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Figure 9 graphically illustrates the results of the RCOG sensitivity analysis for
geologic configuration #2A when two different layers’ hydraulic conductivity values
are varied the same order of magnitude in the same d}recﬁon. The result is a mirror
image of the analysis when only one layer’s hydraulic parameter is changed. This was
predicted because varying two parameters by the same order of magnitude in the
same direction should be equivalent to changing one parameter the same order of
magnitude in the opposite direction. This is also observed for all other analyses for
geologic configuration #2A (Appendix B).

A review of the graphs of the sensitivity analysis for the parameter of specific
yield indicates that, again, the mathematical analysis was able to predict the general
form of the resulting graphical representation of the analysis. However, from a
geologic and practical perspective, the resulting specific yield calculated as r = + oo
is not possible (specific yield calculated as less than zero (0.0%) or greater than 1.0
(100%)). Therefore, a prediction of the slope of the RCOG at those limits does not
accurately predict the slope of the RCOG line within the acceptable limits of 0.0 to
1.0. For this reason, the mathematical analysis was unable to predict the wider
variability of the three RCOG lines for silt, sand, and gravel as the assigned specific

yield for each layer was decreased.

Geologic Configuration Hypothesis and Results

For each of the geologic configurations considered, a hypothesis regarding the

calculated RCOG and accompanying sensitivity analysis, was specified prior to actual
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mathematical and graphical analysis. These hypotheses are provided for each

configuration along with the results of the analyses.

Eolian

Hypothesis: The homogeneous nature of this geologic configuration (assuming
no interdunal deposits) suggests an expected RCOG of 0.5 for any hydrogeologic
parameter in both saturated and partially saturated conditions. Therefore, any
hydrogeologic parameter assigned to this geologic configuration could be evenly
distributed vertically across the entire stack and therefore, modeled ground-water
flow may be as a one-layer system.

The method of moments for this configuration (#1) show that the resultant
RCOG for this configuration is 0.5. The results of the sensitivity analysis show that
for'differing hydrogeologic parameters (k, T, or Sy), saturated thicknesses (100, 90
or 50 feet), bed thicknesses, and/or vertical relationships of the beds (series "A"
versus series "B"),the RCOG is insensitive to changes of +10 orders of magnitude
for hydraulic conductivity and transmissivity, and +25% for specific yield. In
addition, a homogeneously heterogeneous layer of any combination of lithologies will
result in a RCOG value of 0.5 as well. Therefore, the RCOG = 0.5 criterion is met,

and the ground-water flow may be represented as a one-layer system.

Two-cycle Fluvial

Hypothesis: Since this geologic configuration has more than three quarters of its

thickness dominated by sands and gravels, it is hypothesized that the use of a
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weighted hydrogeologic parameter at the center of the geologic stack is acceptable
for purposes of modeling this configuration as a one-layer flow system in regional
analysis. Changes in saturated thickness, bed thickness, and the vertical relationship
of the beds would change the weighted value of the hydrogeologic parameter but not
the ability to equally distribute vertically that parameter across the stack (RCOG of
0.5 expected).

The method of moments for this geologic configuration (#2A(i)) indicates that
the RCOG is approximately 0.38 for the originally assigned values of both hydraulic
conductivity and transmissivity and approximately 0.51 for the originally assigned
values of specific yield. The sensitivity analysis graphs presented in Figures 10 and
11 illustrate that the method of moments analysis results in the same RCOG values
for hydraulic conductivity and transmissivity. Inverting the geologic configuration
(#2B(i)) results in a RCOG of approximately 0.62 for the originally assigned values
of both hydraulic conductivity and transmissivity as shown in Figures 12 and 13. The
resulting RCOG for the this configuration and the originally assigned value of
specific yield is 0.49.

Comparing Figures 12 and 13 with Figures 10 and 11 indicate that reversing the
geologic layering ("B" series) results in a sensitivity analysis graph that is a mirror-
image of the first ("A"series). The axis of symmetry is located at the RCOG = 0.5
line. This is further illustrated by observing that the addition of the resulting RCOG
value for both layering variations is equal to 1.00. This symmetrical relationship

between the "A"and "B"series of configurations is consistent throughout this study.
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SENSITIVITY ANALYSIS (T) - #2B(i)
(Varying One Unit at a Time)
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Figure 13.
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Therefore, for the two-cycle fluvial configuration, the RCOG = 0.5 criterion is
not met for the parameters of hydraulic conductivity and transmissivity, and ground-
water flow may need to be modeled by a multi-layer flow system. The RCOG = 0.5
criterion is generally met, however, for the parameter of specific yield. Because all
three parameters do not meet the RCOG = 0.5criterion, the ground-water flow will
have to be modeled as a'l multi-layer flow system.

Sensitivity analysis for this configuration shows that a +2 order of magnitude
error in the estimation of the parameter of hydraulic conductivity or transmissivity
is necessary to significantly change the RCOG value (Figures 12 and 13). This
indicates a relative insensitivity of RCOG to these parameters. In addition, the
sensitivity analysis for specific yield shows that RCOG is also insensitive to changes
of +25% for the parameter of specific yield.

Tables 1 and 2 summarize the RCOG values for each of the four bed thickness
variations (i - iv) included in this sensitivity analysis for hydraulic conductivity and
transmissivity, respectively. Values ranged from a low of 0.30 when the silt layer was
assigned as the thickest unit to a high of 0.38 when the gravel layer was assigned as
the thickest unit. RCOG values for the sensitivity analysis using specific yield as the
parameter of interest resulted in a low of 0.40 (silt layer as the thickest) to a high of
0.51 (gravel layer as the thickest). Table 3 summarizes the RCOG values for each
of the four bed thickness variations (i - iv) included in this sensitivity analysis for
specific yield.

These sensitivity analyses revealed that, even with the thickness variations ranging
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from 10 to 25 feet, the RCOG = 0.5 criterion is not met for the parameters of
hydraulic conductivity and transmissivity and met under only one condition for the
parameter of specific yield. Therefore, ground-water flow may need to be modeled
by a multi-layer flow system. In addition, these analyses revealed that a +2 order
of magnitude change -in hydraulic conductivity and transmissivity did not vary the
RCOG calculation +0.1. Therefore, this method is insensitive to thickness changes
for this configuration.

The results of changing one variable at a time in one direction was the same as
changing two variables at a time in the opposite direction, and vice versa, as
anticipated for hydraulic conductivity and transmissivity (Figures 8 and 9).

This was not the case, however, for changes to the parameter of specific yield.
An incremental change of the same magnitude in the same direction for two
variables resulted in a smaller variation in the RCOG values for over-estimates of
specific yield and a larger variation is the RCOG values for under-estimations as
compared to an incremental change of the same magnitude in the same direction for
one variable (Figures 14 and 15). The larger variation of RCOG values when under-
estimations are made of the specific yield occurs when the assigned value for a given
lithologic unit approaches zero. As has been pointed out previously, any change to
a specific yield that is greater than the originally assigned value results in a value for
that analysis of zero. Thus the relationship between changes in specific yield and the
resulting value of RCOG are altered.

Adjusting the saturated thickness of the original geologic configuration (#2A(i))



42

ER-4148

(DVZ#) swil ®© je JokeT auQ paIX

oyadg Sunayy usym DODY 01 saSuey) Jo synsay Suimoys ydein siskfeuy Ananisuag sjdwexy  “p] Indig

|9ABID) —i— pPUBS —— s —m—

3ONVHO
0c0 oLo 000 oLo- 0c0-
TN S0 S00 S0°0- S0 T4y

T T T
OLONONO0O

OO0 COMNMNISXO LD T T O AN OO

- - - . - .o. L L N lol L .OI i - L Iolo.
©02dd

AU AU ALY

OO OLNOLNOLNO

(dwil e 1e Hun asuQ Builiep)

(NVe# - (AS) SISATVNY ALIAILISNIS



43

ER-4148

4 (VT4 2wl e je s1ke] oM, piRix
oyreds 3uualy usym HODY 01 sadueyD jo synsoy Suimoys ydern sisAreuy Kjiamisuog oidwexg ¢ aunSig

—

JIS/|oARIE) —— |ARID/PURS —— puegiis —a—

abueyn
020 OoL0 000 oL 0 0c0-

G20 S0 G000 G0°0- SO G20 -
-00'0
=G0°0

i— xwm ”c w

a— ., F—— TA«I! Wm m %
<o
360
560

OLONONO0O
OOCYCXO NN EXONDT

(awi] e e suun om| Buihiep)

(Ve# - (AS) SISATVNY ALIAILISNIS



ER-4148 44

to 90 and 50 feet resulted in a RCOG for hydraulic conductivity and transmissivity
of approximately 0.42 and 0.25, respectively. Similar adjustment of the original
geologic configuration’s saturated thickness to 90 and 50 feet with respect to specific
yield resulted in a RCOG of 0.53and 0.52,respectively. This configuration at 50 feet
of saturated ﬂﬁcﬁness‘ is the equivalent of an "A" series, fully saturated, one-cycle
fluvial system (#4).

These RCOG values indicate that, for the two-cycle fluvial configuration and
these saturated thicknesses, the RCOG = 0.5 criterion is not met for the parameters
of hydraulic conductivity and transmissivity, and ground-water flow may need to be
modeled by a multi-layer flow system. The RCOG values for specific yield at these
saturated thicknesses are insensitive and generally meet the RCOG = 0.5 criterion.
However, ground-water flow will need to be modeled in the same manner as for the
other two parameters.

Tables 4 and 5 summarize the RCOG values for each of the four bed thickness
variations (i - iv) at saturated thicknesses of 90 and 50 feet, respectively for the
parameter of hydraulic conductivity. Tables 6 and 7 summarize the RCOG values
for each of the four bed thickness variations (i - iv) at saturated thicknesses of 90 and
50 feet, respectively for the parameter of transmissivity. RCOG values for both
parameters ranged from a low of approximately 0.33 and 0.10 (silt layer as the
thickest) to a high of approximately 0.42 and 0.25 (gravel layer as the thickest) for
a saturated thickness of 90 and 50 feet, respectively. These results reveal that, even

with the thickness variations ranging from 10 to 25 feet for these saturated
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thicknesses, the RCOG = 0.5 criterion is not met for the parameters of hydraulic
conductivity and transmissivity and ground-water flow may need to be modeled by
a multi-layer flow system.

Tables 8 and 9 summarize the RCOG values for each of the four variations (i -
iv) at saturated thicknesses of 90 and 50 feet, respectively for the parameter of
specific yield. These tables show a low of 0.48 and 0.30 (silt as the thickest unit) to
a high of 0.53 and 0.52 (gravel as the thickest unit) for saturated thicknesses of 90
and 50 feet, respectively.

This indicates that with thickness variations ranging from 10 to 25 feet, the
RCOG = 0.5 criterion is met under certain conditions for the parameter of specific
yield and ground-water flow will need to be modeled in the same manner as for the
other two parameters.

Inverting the geologic stack ("B" series) results in the same RCOG values for a
fully saturated configuration. The RCOG values change proportionately with those
of the "A"series for 90 and 50 feet of saturated thickness. The resulting RCOG
values for these analyses are presented in Tables 10 through 18.

In general, this geologic configuration should be modeled as a multi-layer system.
However, an assessment of the problem definition and scale will dictate whether this

holds true in all cases.

Incomplete Two-cycle Fluvial

Hypothesis: Since this geologic configuration is symmetrical, the use of a
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weighted hydrogeologic parameter at the center of the geologic stack is acceptable
for purposes of regionally modeling this configuration as a one-layer system.
Changes in saturated thickness, bed thickness, and the vertical relationship of the
beds would change the weighted value of the hydrogeologic parameter slightly, but
not great enough to-change the RCOG from 0.5 + 0.1.. Therefore, estimated
parameters would equally distribute across the geologic sequence.

The method of moments for this geologic configuration (#3A(i)) indicates that
the RCOG is exactly 0.50 for the originally assigned values of hydraulic conductivity
and transmissivity and a RCOG of exactly 0.50 for the originally assigned values of
specific yield. Inverting the geologic configuration (#3B(i)) results in a RCOG of
exactly 0.50 for the originally assigned values of hydraulic conductivity and
transmissivity and a RCOG of exactly 0.50 for the originally assigned values of
specific yield. This indicates that for this geologic configuration, the RCOG = 0.5
is met for all three parameters and ground-water flow may be presented as a one-
layer flow system. However, the distribution of lithologic units reveal that for
hazardous waste studies, this one-layer flow system may not be representative.

Sensitivity analysis for this configuration shows that there is no change in the
resulting RCOG value for any changes to the parameters of interest due to the
symmetry of the geologic configuration.

Tables 1 and 2 summarize the RCOG values for each of the four bed thickness
variations (i - iv) included in this sensitivity analysis for hydraulic conductivity and

transmissivity, respectively. Values for each of the thickness variations were 0.50.



ER-4148 62

RCOG values for the sensitivity analysis using specific yield as the parameter had
similar results of 0.50 for all thickness variations. Table 3 summarizes the RCOG
values for each of the four bed thickness variations (i - iv) included in this sensitivity
analysis for specific yield.

Sensitivity analyses with these thickness variations shows that there is no change
in the resulting RCOG value for any of the parameters of interest.

The changing of one versus two variables at a time had no effect on the resulting
RCOG for all the parameters of interest under fully saturated conditions.

Adjusting the saturated thickness of the original geologic configuration (#3A(i))
to 90 and 50 feet resulted in a RCOG for hydraulic conductivity and transmissivity
of approximately 0.56 and 0.75, respectively. Similar adjustment of the original
geologic configuration’s saturated thickness to 90 and 50 feet with respect to specific
yield resulted in a RCOG of 0.54and 0.52,respectively. This configuration at 50 feet
of saturated thickness is the equivalent of a "B" series, fully saturated, one-cycle
fluvial system (#4).

This shows that the RCOG = 0.5 criterion is not met for partially saturated
conditions. Therefore, the ground-water flow can no longer be represented by a one-
layer flow system. In addition, changes in hydraulic conductivity and transmissivity
are more sensitive and, therefore, the investigator’s experience ‘becomes more
important for assigning hydraulic conductivity values under partially saturated
conditions.

The RCOG values for specific yield at these saturated thicknesses are insensitive
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and generally meet the RCOG = 0.5 criterion. However, ground-water flow will
need to be modeled in the same manner as the other two parameters.

Tables 4 and 5 summarize the RCOG values for each of the four bed thickness
variations (i - iv) at saturated thicknesses of 90 and 50 feet, respectively for the
parameters of hyciraulic conductivity. Tables 6 and 7 summarize the RCOG values
for each of the four bed thickness variations (i - iv) at saturated thicknesses of 90 and
50 feet, respectively for the parameter of transmissivity. Values for both parameters
ranged from a low of approximately 0.56and 0.75 (gravel layer as the thickest) to a
high of approximately 0.56 and 0.90 (silt layer as the thickest) for a saturated
thickness of 90 and 50 feet, respectively.

This shows that the RCOG = 0.5 criterion is not met for partially saturated
conditions. Therefore, the ground-water flow can no longer be represented by a one-
layer flow system. In addition, RCOG values are more sensitive to changes in
thickness under partially saturated conditions. Therefore, water level measurements
are critical and must be carefully measured.

Tables 8 and 9 summarize the RCOG values for each of the four variations (i -
iv) at saturated thicknesses of 90 and 50 feet, respectively for the parameter of
specific yield. These tables show a low of 0.43 and 0.30 (silt as the thickest unit) to
a high of 0.71 and 0.52 (gravel as the thickest unit) for saturated thicknesses of 90
and 50 feet, respectively.

This shows that the RCOG = 0.5 criterion is generally not met for partially

saturated conditions. It is under these conditions that the RCOG values for the
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parameter of specific yield are sensitive. Therefore, the ground-water flow can no
longer be represented by a one-layer flow system.

Inverting the geologic stack ("B" series) results in the same RCOG values for a
fully saturated configuration. The RCOG values change proportionately with those
of the "A"series for 90 and 50 feet of saturated thickness. The resulting RCOG
values for these analyses are presented in Tables 10 through 18.

In general, this geologic configuration can be modeled as a one-layer flow system
for saturated conditions. However, partially saturated conditions can greatly affect
the resulting RCOG value and the potential to model the ground-water flow as a

one-layer flow system.

One-cycle Fluvial

Hypothesis: Since this geologic configuration has more than three quarters of its
thickness dominated by sands and gravels, and the thickness is tested in 10’s and
100’s of feet, it is hypothesized that the use of a weighted hydrogeologic parameter
at the center of the saturated part of this geologic sequence is acceptable for
purposes of modeling the ground-water flow as a one-layer flow system. Changes in
saturated thickness, bed thickness, and vertical relationship of the beds would change
the weighted value of the hydrogeologic parameter but not the ability to equally
distribute that parameter across the stack. An estimated location for the RCOG of
this configuration for hydraulic conductivity and transmissivity would be just above

the center of the gravel layer due to its dominant thickness and permeability.
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The method of moments for this geologic configuration (#4A(i)) indicates that
the RCOG is approximately 0.25 for the originally assigned values of hydraulic
conductivity and transmissivity and a RCOG of approximately 0.52 for the originally
assigned values of specific yield. Inverting the geologic configuration (#4B(i)) results
in a RCOG of approximately 0.75 for the originally assigned values of hydraulic
conductivity and transmissivity and a RCOG of approximately 0.48 for the originally
assigned values of specific yield. ThisA indicates that for this configuration, the RCOG
= 0.5 criterion is not met for the parameters of hydraulic conductivity and
transmissivity and generally met for the parameter of specific yield. Therefore, the
ground-water flow may need to be modeled as a multi-layer system.

Sensitivity analysis for this configuration shows that a +2 order of magnitude
error in the estimation of the parameter of hydraulic conductivity or transmissivity
is necessary to significantly change the RCOG value. This indicates a relative
insensitivity of RCOG to these parameters. In addition, the sensitivity analysis for
specific yield shows that RCOG is also insensitive to changes of +15% for this
parameter.

Tables 1 and 2 summarize the RCOG values for each of the four bed thickness
variations (i - iv) included in this sensitivity analysis for hydraulic conductivity and
transmissivity, respectively. Values ranged from a low of 0.10 when the silt layer was
assigned as the thickest unit to a high of 0.25 when the gravel layer was assigned as
the thickest unit. RCOG values for the sensitivity analysis using specific yield as the

parameter of interest resulted in a low of 0.30 (silt layer as the thickest) to a high of
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0.52 (gravel layer as the thickest). Table 3 summarizes the RCOG values for each
of the four bed thickness variations (i - iv) included in this sensitivity analysis for
specific yield.

Sensitivity analyses revealed that, even with thickness variations ranging from 10
to 25 feet, the RCOG = 0.5 criterion is not met for the parameters -of hydraulic
conductivity and transmissivity and met under only one condition for the parameter
of specific yield. The resulting changes in RCOG values indicates the sensitivity of
this configuration to changes in thickness as well as geology.

As with the two-cycle fluvial analyses, the results of changing one variable at a
time in one direction was the same as changing two variables at a time in the
opposite direction and vice versa. Changes to specific yield for one versus two
parameters at a time, also resulted in similar changes in RCOG as described for the
two-cycle fluvial geologic configuration. A notable exception is that the range of
RCOG values, when both under- and over-estimating the specific yield value, is
greater than that for the two-cycle fluvial geologic configuration.

Adjusting the saturated thickness to 90 and 50 feet resulted in a RCOG for
hydraulic conductivity and transmissivity of approximately 0.28and 0.50,respectively.
Similar adjustment of the saturated thickness to 90 and 50 feet with respect to
specific yield resulted in a RCOG of 0.57 and 0.50, respectively.

These RCOG values indicate, that for this geologic configuration and these
saturated thicknesses, the RCOG = 0.5 criterion is generally not met (with the

exception of when gravel is the thickest layer) for the parameters of hydraulic
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conductivity and transmissivity, and ground-water flow may need to be modeled by
a multi-layer flow system except as noted. The RCOG values for specific yield at
these saturated thicknesses are insensitive and generally meet RCOG = 0.5criterion.
However, ground-water flow for specific yield will need to be modeled in the same
manner as the other two parameters.

Tables 4 and § summarize the RCOG values for each of the four bed thickness
variations (i - iv) at saturated thicknesses of 90 and 50 feet, respectively for the
parameter of hydraulic conductivity. Tables 6 and 7 summarize the RCOG values
for each of the four bed thickness variations (i - iv) at saturated thicknesses of 90 and
50 feet, respectively for the parameter of transmissivity. Values for both parameters
ranged from a low of approximately 0.11and 0.20 (silt layer as the thickest) to a high
of approximately 0.28and 0.50 (gravel layer as the thickest) for a saturated thickness
of 90 and 50 feet, respectively.

These results reveal that, even with thickness variations ranging from 10 to 25
feet, the RCOG =0.5criterion is generally not met and ground-water flow may need
to be modeled as a multi-layer flow system.

Tables 8 and 9 summarize the RCOG values for each of the four variations (i -
iv) at saturated thicknesses of 90 and 50 feet, respectively for the parameter of
specific yield. These tables show a low of 0.33 and 0.46 (silt as the thickest unit) to
a high of 0.57 and 0.50 (gravel as the thickest unit) for saturated thicknesses of 90
and 50 feet, respectively.

This indicates that with thickness variations ranging from 10 to 25 feet, the
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RCOG = 0.5 criterion is generally met when gravel is the thickest layer and
generally not met under other conditions for the parameter of specific yield and
ground-water flow will need to be modeled in the same manner as for the other two
parameters.

Inverting the geologic stack ("B" series) results in the same RCOG values for a
fully saturated configuration. The RCOG values change considerably for 90 and 50
feet of saturated thickness. The resulting RCOG values for these analyses are
presented in Tables 10 through 18.

This geologic configuration could be modeled as a one- or multi-layer flow
system depending on the saturated thickness and geologic unit thickness of the actual
configuration. An assessment of the problem definition and scale will determine

under which conditions each type of model can be used.
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Chapter 7

DISCUSSION

For the "A"series of analyses, an under-estimation of the hydraulic conductivity
or transmissivity for gravel results in a higher RCOG and an over-estimation of the
same parameter for silt or sand results in an higher RCOG as well. The opposite
holds true for the "B"series of analyses where an under-estimation of the parameter
of hydraulic conductivity or transmissivity for gravel or an over-estimation of the
same parameter for silt or sand results in a lower RCOG.

As the thicknesses are varied, the relative difference between the high and low
RCOG values of the sensitivity analysis changes. In general, the relative difference
between the high and low value of RCOG, when changing the silt layer’s hydraulic
conductivity or transmissivity value, remains constant. However, the relative
difference between the high and low value of RCOG, when changing the gravel or
sand layer’s hydraulic conductivity or transmissivity value, decreases as the thickest
unit changes from gravel to sand to silt.

As discussed previously, a RCOG value of 0.5 for a given parameter (i.e.
hydraulic conductivity) in a given geologic configuration means that a weighted
parameter for that configuration can be distributed evenly across the entire stack.
A resulting RCOG = 0.5 indicates that, from a modeling perspective, the
hydrogeologic section can be represented by a single-layer flow system. Should the

resulting RCOG be less than or greater than 0.50,the configuration may need to be
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modeled as multi-layer flow system which incorporates an appropriate number of
layers with a RCOG value equal to 0.50.

This general understanding of the RCOG = 0.5 criterion does not account for
the effects of symmetry or scale on the resulting value. As was demonstrated with
geologic configuration #3A (fully saturated), a weighted value of hydraulic
conductivity distributed vertically across the entire stack for purposes of modeling the
flow system would be correct based upon the result of the RCOG = 0.5 criterion.
However, a RCOG = 0.5does not always indicate that the best representation of the
flow system is by a one-layer flow model. This is illustrated by geologic configuration
#3B which, while meeting the RCOG = 0.5 criterion, might be better represented
by a two-layer flow system. The thickness of the central silt layers in #3B has a
significant effect on the weighted value of hydraulic conductivity. In addition, flow
in the upper sand and gravel units of this configuration may have little, if any,
connection with the flow in the lower sand and gravel layers. Should the upper
gravel contain a leaking underground storage tank, the modeling of this configuration
as a single-layer flow system would not accurately portrait the movement of the
contaminant throughout the geologic stack.

Additionally, the scale of the geologic configuration has an impact on the validity
of the 0.5 criteria as well. Given example #3B where the thickness of the silt layers
represent half of the overall thickness of the geologic configuration: if the total
thickness of the geologic configuration was 1,000 feet, the 0.5 criteria would be

misleading in that the upper and lower sand and gravel layers should be considered
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as two distinct aquifers; if, on the other hand, the total thickness of the geologic
configuration is 1 foot, or possibly even 10 feet, the 0.5 criteria may make sense for
the given application. Therefore, the problem definition will dictate to what degree
the permeabilities of the individual layers should be considered.

Scale and problem definition are important factors for determining the
appropriateness of the RCOG = 0.5 criterion. If the variability analysis for a given
geologic configuration results in a RCOG values of 0.4,the user may conclude that
the configuration should not be modeled as a single layer and instead should be
divided into at least two layers with RCOG values equal to 0.5, respectively. If the
total thickness of the conﬁgui'ation were 10 feet, then the RCOG value of 0.4
indicates that the point at which the modeled parameter is equally distributed is 1
foot below the center of the configuration. If the total thickness of the configuration
were 1,000 feet, the same RCOG value indicates that the point at which the modeled
parameter is equally distributed is 100 feet below the center of the configuration.
As a percentage, these values are the same distance from the center of the
configuration. On a vertical scale, these values are considerably different and may
or may not have an impact on the decision to model this configuration as a single
layer. In summary, scale, symmetry, and problem definition have an important
function in the assessment of the vertical variability analysis and should be used as
a "reality check" for the applicability of the resulting RCOG values. As is
demonstrated in Figure 10, it is possible to get a RCOG = 0.5 if poor

approximations of the modeled hydraulic parameter are made.
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The results of changing the specific yield parameter in relationship to the RCOG
were very different from those of changing the hydraulic conductivity and
transmissivity. In general for the "A"series, an under-estimation of the specific yield
for gravel results in a higher RCOG whereas an under-estimation of the specific yield
for silt or sand results-in a lower RCOG (Figure 16). An over-estimation of specific
yield for any of the three units results in the opposite movement of RCOG. As
expected, the inverse is true for the "B"series of analyses (Figure 17).

For these analyses, the RCOG value tends to be the most insensitive to changes
in the hydraulic parameters of the silt layer. An under-estimation of the hydraulic
conductivity or transmissivity has no effect on the RCOG whereas an over-estimation
of 5 orders of magnitude is necessary to produce a significant change. This indicates
that the method is "weighted" toward higher hydraulic conductivity and transmissivity
values which tend to result in significant RCOG changes at -2 orders of magnitude
for gravel and +2 orders of magnitude for sand. Even when the silt layer is defined
as the thickest unit (thickness configuration (ii)), only a 5 order magnitude over-
estimation of the hydréulic conductivity and transmissivity values results in a

significant change in the RCOG.
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Chapter 8

CONCLUSIONS

In conclusion, this study tested the applicability of using the method of moments
to evaluate vertical variability of 217 variations of four geologic configurations. This
study showed how the 0.5 criterion was or was not met for each configuration and
how over- and under-estimations of the parameters of hydraulic conductivity,
transmissivity, and specific yield can change the resulting RCOG values. This
provided information for determining the potential of modeling ground-water flow
as a one- or multi-layer system based upon the 0.5 criteria. In addition, this study
showed how saturated and partially saturated conditions can affect the rgsulting
RCOG of a given configuration.

The method of moments was chosen because it had been suggested as a means
to estimate the variability of aquifer parameters such as hydraulic conductivity,
transmissivity, storativity, and well yield (Weeks, Gutentag and Kolm, in press). This
method uses lithologic and grain-size data available from drillers’ logs to provide an
estimate of aquifer characteristics that can be useful for hydraulic analysis, computer
modeling and well design.

The general methods were to calculate the center of gravity (COG) and the
relative center of gravity (RCOG) for each of four simulated geologic configurations.
The resulting RCOG values were tabulated along with those generated from various

sensitivity analyses on the four geologic configurations. These sensitivity analyses
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included changes in bed thickness, in the originally assigned hydraulic parameters (k,
T and Sy), in the layering sequences and in the saturated thickness conditions.

The four geologic configurations chosen were an eolian system, a two-cycle fluvial
system, an incomplete two-cycle fluvial system, and a one-cycle fluvial system.
Assumptions were made to minimize the number of potential alternatives and
parameters which might affect the results of this study. These included maintaining
a total configuration thickness of 100 feet and the assumption of water-table or
unconfined conditions. The use of these four configurations represent a common,
diverse range of geologic conditions and can be extrapolated to represent other
conditions (i.e. the eolian configuration at the low hydraulic conductivity and
transmissivity values can represent a mass movement deposit if considered as
"homogeneously heterogenous").

Each geologic configuration was originally assigned values of hydraulic
conductivity, transmissivity and specific yield based upon published values in Freeze
and Cherry (1979) and Johnson (1967). These values were assigned to provide a
large range of variation for purposes of establishing the vertical variability and
sensitivity of the RCOG value.

A table and graph were constructed summaﬁzing the RCOG results from each
of the individual configurations tested. In total, this study included sensitivity
analyses of 217 separate variations of the four original geologic configurations.
Additional tables illustrating the resulting RCOG values as they relate to other

configurations were also constructed.
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A review of the sensitivity analysis graphs indicates that their general appearance
was predicted accurately by mathematical estimations using the general form of the
equation applicable for that configuration. The mathematical analysis, however, was
not able to qualitatively predict the location on the graphs where the slope of the
RCOG line effecﬁvely became zero. The mathematical analysis was able to predict
this at the extremes (1 o°) and at zero.

An interesting result of the sensitivity study of the originally assigned hydraulic
parameters is that a +2 order of magnitude error in the original estimation of
hydraulic conductivity or transmissivity for any one of the three lithologic units,
where symmetry is not dominant, has little effect on the RCOG. Beyond the +2
orders of magnitude change, the RCOG value changes enough to be non-
representative of the actual configuration. For the "A"series of analyses, an under-
estimation of the hydraulic conductivity or transmissivity for gravel results in a higher
RCOG and an over-estimation of the same parameter for silt or sand results in an
increased RCOG as well. For the "B"series of analyses, an under-estimation of the
hydraulic conductivity or transmissivity for gravel results in a lower RCOG and an
over-estimation of the same parameter for silt or sand results in a lower RCOG as
well.

This generally holds true for the parameter of specific yield as well. However,
specific yield is a percentage and therefore can not be altered by orders of
magnitude. Thus, changes to specific yield in the sensitivity analyses did not result

in values greater than 1.0 and less than 0.0. Results of such changes indicate that
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over-estimations of the specific yield do not significantly change the resulting RCOG
values for that conﬁguration.. However, an under-estimation (i.e. where the specific
yield of a specific unit is close to 0.0) may have a significant impact on the RCOG
value.

The method of moments analysis for the hydraulic parameters of hydraulic
conductivity, transmissivity, and specific yield on the four geologic configuration
produced some interesting results.

For the eolian configuration, it was determined that the RCOG for any possible
variation of this configuration is 0.5. Therefore, a ground-water flow system in this
configuration can be modeled with a one-layer flow system. The insensitivity of this
configuration to all changes considered within the body of this report suggests
previous experience is not critical for using and applying this method.

For the two-cycle fluvial configuration, it was determined that the RCOG = 0.5
criterion was not met for hydraulic conductivity and transmissivity (+2 orders of
magnitude), and specific yield (+25%). Therefore, the ground-water flow for this
configuration may need to be modeled as a multi-layer flow system which contains
as many layers as is necessary to ensure that all layers meet the RCOG = 0.5
criterion. This indicates that an inexperienced investigator could over- or under-
estimate the given parameters within the suggested bounds and still calculate a
RCOG value for the configuration that represents the "true" RCOG of the
configuration. However, problem definition and scale play a part in the usefulness

of the resulting RCOG. A variance of +0.1from the RCOG = 0.5 criterion may be
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more significant on a regional scale than on a site-specific scale.

For the incomplete two-cycle fluvial configuration, it was determined that the
RCOG = 0.5 criterion was met for all three hydraulic parameters under fully
saturated conditions (+10 orders of magnitude for hydraulic conductivity and
transmissivity, and +25% for specific yield). Therefore, the ground-water flow for
this configuration can be modeled as a one-layer flow system.

For this configuration, the RCOG = 0.5 criterion can be met if lithologic units
of the same thickness are arranged symmetrically around the center of the geologic
stack. Therefore, understanding the geologic sequence of this configuration and its
significance to the problem definition is vital to the understanding of the resulting
RCOG and more importantly, its applicability to determine whether to model the
system as a one-layer system or not.

Under partially saturated conditions the incomplete two-cycle fluvial
configuration acts differently. The RCOG = 0.5 criterion is not met for any of the
hydraulic parameters. In these cases, the ground-water flow may need to be modeled
as a multi-layer flow system. In particular, it was observed that the parameter of
transmissivity was very sensitive to changes in the saturated thickness of this
configuration.

For the one-cycle fluvial configuration, it was determined that the RCOG = 0.5
criterion was not met for +2 orders of magnitude for the parameters of hydraulic
conductivity and transmissivity under fully saturated conditions. Additionally, the

RCOG =0.5criterion was met under certain conditions for the parameter of specific
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yield. However, modeling of the ground-water flow would be dictated by the other
two parameters and therefore, may need to be modeled as a multi-layer flow system.

Under partially saturated conditions the one-cycle fluvial configuration meets the
RCOG = 0.5 criterion under certain conditions for all the hydraulic parameters.
Ground-water flow for this configuration may be modeled as a one- or multi-layer
flow system depending on the various saturated conditions and/or thickness
variations encountered.

This study has shown quantitatively the application and sensitivity of vertical
variability using the method of moments to theoretical geologic configurations.
Future work should focus on further testing and application of the method to real

geologic situations and problems, and vertical ground-water flow analysis.
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Filsname: BASNSITVIYNA#2A().wq1

ORIGINAL
TAVER RYBRAULIC ] MOMENT] TOTAL | TESTED
QECLOGIC LAYER | THICKNESS | CONDUCTIVITY | ARM | LAYER | PARAMETER P coa RCOG
CONFIGURATION |  NO. ®) ® M) |NUMBER] (P=K
n {gpd/=2) ] {n)
#2A()
Two-cycie fluvial
ining U . —
ST 10, 0. 95.00 0. 9.50
SAND Z 15, 10. 82.50 10. 825.00
GRAVEL 3 25, 1 62.50 10000, 625000.00
SILT 4 10. X 45.00 D. 4.50
SAND i 15, 0.0 32.50 10.C 325.00
GRAVEL € 25, 10000.0 12.60 10000.C —125000.00
700 20020.20 75116400 | 97.52 | 0.38
VARYING (k) - ONE ORDER OF MAGNITUDE - SILT ONLY
TAVER HYD! [MOMENY] TOTAL | TESTED
GEOLOGIC LAYER | THICKNESS | CONDUCTIVITY | ARM | LAYER | PARAMETER P coe RCOG
CONFIGURATION |  NO. ®) ® M) [NUMBER| (P=K
[w] {gpdm~2) ()] (n)
#2A0)
Two-cycle fluvial
J(fining ugﬁug') 10, K 95.00 1. 95.0(
F 15, 0. 82.50 __10. 825.0(
3 25. 10000, 62.50 10000, 625000.0¢
4 10. X 45.00 X 1. 45.00
5 5.0 10.0 | 32.50 60 70, 325.00
© 25.0 300000 | 12.50 6.0 10000.0 125000.00
100 20022.00 75129000 37.52 .98 |
VARYING (k) - ONE ORDER OF MAGNITUDE - SAND ONLY
TAYER | UTIC - [MOMENT] YOTAL | TESTED i
GEOLOGIC LAYER | THICKNESS | conpucTvity | ARM | LAYER | PARAMETER P*M COoG RCOG
CONFIGURATION |  NO. ®) [ ™M |NuMBer| ;=K
| (] (gpdn~2) u ()
#2A()
Two-cycle fluvial
iﬁﬁning ugwarg) 1 10.0 0. 95.0 0.1 _8.50
Z 15.0 100 82.5¢ 100.0 8250.00
3 25.0 100000 | 62.50 . 10000.0 625000.00
4 10.0 0.1 _ 45.00 6.0 0.1 4.50
E 15.0 100.0 | 32.50 6.0 100.0 3250.00
: 25.0 100000 | 12.50 6.0 10000.0 125000.00
100 20200.20 761514.00 37.70 .38 |
VARYING (k) - ONE ORDER OF MAGNITUDE - GRAVEL ONLY
TAYER AYDRAULIC ] MOMENT] TOTAL TESTED
GEOLOGIC LAYER | THICKNESS | CONDUCTIVITY | ARM | LAYER | PARAMETER PM cog RCOG
CONFIGURATION |  NO. ®) ® ™M |numBer] (=K
~
saT (] gpdh2) &) (n)
Two-cycle fluvial
[{fining upward) [ 10.0 0. $5.00 0.1 9.50
2 3 0.0 82.5¢ 10.0 825,00
3 25, 100000.0 62.5( 1 6250000.00
r 10. 0. 45.0( . - 4.50
5 15, 10.C 32.5C 10. 325.00
[ 250 100000.0 | 1280 100000, 1250000.00
700 0.20 1164, 37.50 | 0.8 |
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Filsnams: BASNSITVTYVAP2AQ.wqt

TAVER RYORAULIC ] MOMENT | JOTAL YESTED
GEOLOGIC WYER | meoxness | conpucnviry AR | LAYER | PARAMETER ]
CONFIGURATION NO. [} [ ] (] NUMBER P=i
] gpam-2 ] )
Eua)
wo-cycle fluvial
iffining upwi
SILT 10.0 [X] 95.00 X [X] 9.80
SAND F 6.0 100 2.5 X 10.0 $25.00
GRAVEL 2 250 10000.0 62,50 X 10000.0 1625000.00
BT « 10.0 [XI 45.00 X [X) 50
SAND s 180 100 3250 6. 100 325.00
GRAVEL ° 250 100000 1280 6.0 10000.0 125000.00
S— -
00 20020.20 761164.00 37
VARYING {X) - ONE ORDER OF MAGNITUDE - SILT AND SAND ONLY
o — S— —
UAVER HYDRAULC MOMENT | TOTAL TESTED
GEOLOGIC LAYER THICKNESS coNDuUCTIVITY ARM LAYER PARAMETER PM
CONFIGURATION NO. (] (] o |nsmseR| Pek
] fgpam~2) .3 o
#2A0)
[Two-cycie fluvial .
fining upward) 1 10.0 1.0 5.00 6.0 1.0 %00
2 180 1000 8250 6.0 1000 _8250.00
3 250 10000.0 62.50 6.0 10000.0 ©25000.00
o 10,0 1.0 45.00 6.0 1.0 45.00
3 150 100.0 3250 80 100.0 3250.00
) 250 10000.0 1250 0.0 10000.0 125000.00
- —
100 20202.00 761640.00
VARYING (<) - ONE ORDER OF MAGNITUDE - SAND AND GRAVEL ONLY
- SAnO N — N
LAYER HYORAULIC MOMENT | TOTAL TESTED
GEOLOGIC Wver | Tckness | conpucTiviTy ARM wuver | parameTER [
CONFIGURATION NO. ®) ® ™ | numser P=i
) fgpam~2 L) ()
j#2A0)
Ewocycln fluvial .
fining upward) 1 100 0.1 95,00 €0 0. .50
2 150 100.0 62.50 6.0 100.0 8250.00
3 250 100000.0 €2.50 €0 100000.0 00
a 10.0 [X) 45.00 6.0 [X] 450
5 15.0 100.0 3250 6.0 100.0 3250.00
e 25.0 100000.0 12.50 6.0 100000.0 00
100 200200.20 7511514.00
VARYING () - ONE ORDER OF MAGNITUDE - SILT AND GRAVEL ONLY
TAYER HYDRAULIC MOMENT | TOTAL TESTED
GEOLOGKC LAYER THICKNESS CONDUCTMITY ARM LAYER PARAMETER [ ol "]
CONFIGURATION NO. ) [ o0 | numseR Pek
| ) gpam~2) m o
72A(0)
{rwo-cycie fiuvial
ining upward) 1 10.0 101 e 6. 1.0 95.00
2 150 10.0 2.0 ®. 10.0 825.00
3 25.0 100000.0 =X . 100000.0 €250000.00
0 10.0 1.0 5.0 80 1.0 4500
s 150 0.0 2% 6.0 10.0 325.00
[ 25.0 100000.0 12.80 8.0 100000.0 1250000.00
160 200022.00 7501290.00
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Filename: BASNSITVTYVA#2A?i).wqt

ORIGINAL
TAVER | RYDRAULC | MOMENT] TOTAL | TESTED
GEOLOGIC LAYER | THICKNESS | CONDUCTIVITY | ARM | LAYER | PARAMETER PM coa RCOG
CONFIGURATION |  NO. ®) ® ) [NUMBER| (P=K
® (gpam~2) w | o
{Two-cycls fluvial
ing u —
SILT 25. X 87.50 X . 8.75
SAND 2 15, 0.0 67.50 . 10. 675.00
GRAVEL 3 10. 3 65.00 . 1 550000.00
SILT 4 25. . 37.50 X . 375
SAND s 15, 0.0 17.50 X 10.C 175.00
GRAVEL [ 0. 10000.C 5.00 . 1 50000.00
100 20020.20 €00652.50 30.01 0.30
VARYING (k) - ONE ORDER OF MAGNITUDE - SILT ONLY
] ] [ HVDRAUUC ] MOMENT] TOTAL | TESTED
GEOLOGIC LAYER | THICKNESS | CONDUCTMITY | ARM | LAYER | PARAMETER M coa RCOG
CONFIGURATION |  NO. ®) o o™ [NUMBER] (P=K
m gpam~2) o] )
#2A (I
Two-cycle fluvial
§{fining upward) 7 25.0 10| 87.50 6.0 1.0 87.50
2 15.0 100 _ 67.50 10. 675.00
3 10.0 100000 | 55.00 10000 550000.00
4 25. 0] 37.50 . 37.50
& 15, 100( 1750 10, —175.00
[ 10. 10000.0 5.00 q 50000.00
100 20022.00 600975.00 30.02 0.30
VARYING (k) - ONE ORDER OF MAGNITUDE - SAND ONLY
TAVER AY [MOMENT] YOTAL T TEST
GEOLOGIC LAYER | THICKNESS | CONDUCTMITY | ARM | LAYER | PARAMETER P'M coa RCOQ
CONFIGURATION | NO. ®) ® ™ |NUMBER] (=¥
[iu/] ~2 (u') (n)
L) QpdR=2)
Two-cycle Huvial
[(lining upward) 1 25.0 0.1 87.50 .0 0. _8.7
2 15, 1000 67.50 100, — 6750.01
3 10, 10000.0 | 55.00 X 3 550000.00
4 25 0.1 37.50 X - _ 375
E 15. 1000 | 17.50 .0 100, 1750.00
8 10.0 10000.0 5.00 6.0 10000.0 50000.00
100 20200.20 606512.50 30.12 0.50
VARYING (k) - ONE ORDER OF MAGNITUDE - GRAVEL ONLY
TAYER [MOMENT] TOTAL [ TESTED
GEOLOGIC LAYER |- THICKNESS | CONDUCTVITY | ARM | LAYER | PARAMETER (] coa RCOG
CONFIGURATION |  NO. ® ™ M |NUMBER| (P =¥
] o ] (n)
. gpam~2)
Two-cycle fluvial — —
mnnng upward) 1 25.0 011 87.50 01 675
2 5. 10, 67.50 10. 67500
3 0. 100000, $5.00 1000090 $500000.00
4 25. X 37.50 X 375
s 15.0 10.0 17.50 X 10.0 175.0€
3 10.0 100000.0 5.00 . 100000.0 500000.00
100 20002020 | 6000862.50 30.00 .30 |
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Fllsname: BASNSITVTYNGWP2AG). wq1
ORIGINAL
TAVER FVORAULC | MOMENT ] TOTAL YESTED
GEOLOGIC LAYER | THICKNESS | CONDUCTIVITY A | LAYER | PARAMETER () coa ACOQ
CONFIGURATION NO. (-] ® M {NmBER| PN
: ] fgpdm-2 ) w
22X}
[rwo-cycis fluvial
Jffining upward)
SaY DY 0. 7.0 X X a7
SAND 3 15 100 [67.50 B 160 75
GRAVEL 3 10 10000.0 55.00 80 10000.0 0
sy 4 = [X) 37.50 ©0 X 37
SAND 5 150 100 1750 €0 0.0 175.00
GRAVEL o 10.0 10000.0 5.00 e0 10000.0 50000.00
100 20020.20 '900862.50 30.01 0.90 |
VARYING (i) - ONE ORDER OF MAGNITUDE - GiLT AND SAND ONLY _ _
LAYER HYORAULIC MOM TOTAL TESTED
GEOLOGIC wven | moess | conpuctivity A | WAYER | PARAMETER PM coa RCOG
CONFIGURATION NO. () ® ™ {NMBER| PeN
| o fgpam~2) L) i
AT
[Two-cycie fluvial —
Emg pward) 1 0 0] erw [ 0 7.5
2 15.0 100.0 o7.50 60 100.0 6750.00
3 100 10000.0 5.00 6.0 10000.0 '550000.00
) 25.0 1.0 37.50 6.0 1.0 37.50
s 15.0 100.0 17.50 6.0 100.0 1750.00
[ 100 100000 5.00 6.0 10000.0 50000.00
100 20202.00 606625.00 30.13 0.50
VARYING (i) - ONE ORDER OF MAGNITUDE - SAND AND GRAVEL ONLY
LAYER AYDRAULIC WOMENT | TOTAL TESTED
GEOLOGIC LAYER | THickness | conoucTviT ARM | LAYER | PARAMETER oM coa RCOG
CONFIGURATION NO. ®) ™ o |numeer| Pen
| m {apdm~2) m o
#2A (i) .
Fwo—cycb Huvial
[fining upwerg) 1 25.0 0.1 87.50 8.0 01 875
. 2 150 1000 87.50 60 100.0 6750.00
3 100 100000.0 5500 80 100000.0 8500000.00
0 250 0.1 37.50 8.0 [X) 375
5 15.0 100.0 17.60 6.0 100.0 1750.00
o 0.0 100000.0 5.00 [X) 100000.0 500000.00
700 700200.20 8008512.50 30.01 .30 |
VARYING (K - ONE ORDER OF MAGNITUDE - SILT AND GRAVEL ONLY _
LAYER HYDRAUUC | MOMENT | TOTAL TESTED
GEOLOGIC IAYER | THCKNESS | conpucTMITY ARM | WAYER | PARAMETER PM cos RACOG
CONFIGURATION NO. ) ™ o |mwmssr| Pen
) fGpam~2) ) &
ZA(l)
Two-cycle fiuvial
ffining upward) ) 25.0 1.0 37.50 6.0 10 07.50
2 15.0 100 §7.50 0 10.0 675.00
3 100 100000.0 3500 0 100000.0 5500000.00
. 25.0 1.0 37.80 0 1.0 3750
3 15.0 10.0 17.50 6.0 10.0 175.00
e 10.0 100000.0 5.00 60 100000.0 500000.00
100 200022,00 6000875.00 30.00 0.30
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ER-4148

Filoname: BASNSITVTYVAS2A(K).wq1

ORIGINAL
“TAVER FAYORAULIG | MOMENT | TOTAL TESTED
GEOLOGIC WUYER | Tackness | conoucviTy A | wven | paraneter (] coa RCOG
CONFIGURATION No. ® ® M fwmsen] Pew
i fopdm=2) L) i)
Bz
o
upward)
BILT 10.0 [X] $6.00 0.0 0. 9.50
SAND 2 250 10.0 50 80 0.0 775.00
GRAVEL y 8.0 10000.0 57.60 8.0 10000.0 575000.00
BT N 0.0 [X) 45.00 60 0.1 4.50
BAND s 250 100 21.50 6.0 10.0 275.00
GRAVEL ] 18.0 10000.0 7.50 8.0 10000.0 75000.00
100 20020.20 £31064,00 252 0.3
VARYING (K - ONE ORDER OF MAGNTTUDE - SLTONLY
TAYER HYDRAULC ] MOMENT | TOTAL TESTED
GEOLOGIC ver | nuciiess | conoucTviry A | ver | PARAMETER () coa RCOG
CONFIGURATION NO. ® ® ™ Jemeer| Pak
m fopam~2) ] )
P
wo-cycle fuviel
1 10.0 1.0 95.00 6.0 10 95.00
2 250 10.0 7150 6.0 10.0 715.00
3 15.0 10000.0 57.50 6.0 10000.0 575000.00
4 10.0 1.0 45.00 8.0 10 45.00
s 250 10.0 27.50 60 0.0 275.00
) 15.0 10000.0 7.80 0.0 100000 —75000.00
100 20022.00 ~851190.00 252 0.5
VARYING (K - ONE ORDER OF MAGNITUDE - SAND ONLY
TAVER | HYORAUUG ] MOMENT | TOTAL TESTED
GEOLOGIC WYER | THICKNESS | conpucTviTy ARM | LAYER | PARAMETER M oG RACOG
CONFIGURATION NO. ) ™ ™ fnmser] Paw
] {gpam =2 ] {n)
[#2AGi)
Ewo-cyclo fluvial
1 10.0 [X] 95.00 8.0 (X ©.50
2 250 100.0 77.50 8.0 100.0 7750.00
3 15.0 10000.0 51.50 6.0 10000.0 §75000.00
ry 10.0 [X] a5.00 8.0 X 4.50
s 250 100.0 27.80 2.0 100.0 275000
] 15.0 10000.0 7.50 60 10000.0 78000.00
100 ~20200.20 860514.00 R.70 0.33 |
VARYING () - ONE ORDER OF MAGNITUDE - GRAVEL ONLY
TAYER HYDRAULIC ] MOMENT | TOTAL TESTED
GEOLOGKC tAYER | Tckness | conpucTiviTy Aw | WAYER | PARAMETER PM ©06 ACOG
CONFIGURATION NG, o w ™ [nuser) Pen
0] gpdm~2) ] (]
J22A()
Mch fuvial
1 10.0 0.1 95.00 €0 a1 .50
2 25.0 10.0 77.50 €0 10.0 775.00
3 5.0 100000.0 37.50 80 Y00000.0 8760000.00
. 10.0 0.1 45.00 .0 0.1 450
s 2.0 10.0 2150 .0 100 275.00
[ 150 100000.0 7.50 8.0 100000.0 750000.00
Y00 200020.20 8501064,00 2.5 .33 |




ER-4148

Flioname: BASNSITVTYNG#2A0i).wg 1

ORIGINAL
TAVER FYDRAULIC ] MOMENT | TOTAL TESTED
GEOLOGIC WYER | muckaess | conpucTmTy A | wer | ParaneTER PM coa
CONFIGURATION NO. ™ ® o |mmser| ran
[..] fopdMm~2 1] {n)
S ZAG) —
[rwo-cycie fiovial
ffining upward) L
BLT 2 10.0 [X] 55.00 8.0 [X] &0
BAND 3 %0 10.0 7.5 80 0.0 77600
GRAVEL a 18.0 - 100000 7.50 0 10000.0 576000.00
SLY s 10.0 0.1 .00 2.0 X .
SAND ] 250 10.0 27.50 0 100 275.00
GRAVEL 15.0 10000.0 7.50 6.0 10000.0 75000.00
700 20020.20 ©51064.00 3252 0.5 |
VARYING (k) - ONE ORDER OF MAGNITUDE - ST AND BAND ONLY
TAVER HYDRAULUG ] MOMENT | TOTAL | TESTED
GEOLOGIC WYER | muckness | conpucTviTY A | LAYER | PARAMETER PoM ©00
CONFIGURATION NO. ®) ) ™ {NMBER] Pai
o) fgpam~2 " o
[ 2A(iii)
{Two-cycie fluvial
] 1 10.0 1.0 9500 6.0 1.0 .00
2 250 100.0 77.60 60 1000 7000
3 15.0 10000.0 57.50 60 10000.0 o7
. 100 1.0 45.00 60 10 45.00
s 250 100.0 27.50 6.0 100.0 2750.00
] 15.0 10000.0 7.50 60 10000.0 75000.00
100 20202.00 ©60640.00 32.70 053
VARYING (4 - ONE ORDER OF MAGNITUDE - SAND AND GRAVEL ONLY _ _
T Ve HYDRAULIG ] MOMENT | TOTAL TESTED
GEOLOGIC WvEn | muckness | conoucTmTy aw | wver | ParaueTen PM coG°
CONFIGURATION NO. ) ) ™M INMBER| Pai
m fgpdm~2) m in
¥ 2A0)
Ewo-cych fiuvial
1 10.0 0.1 95.00 6.0 0.1 .50
2 250 100.0 7750 80 100.0 7750.00
3 15.0 100000.0 57.50 80 100000.0 8750000.00
. 0.0 [X) 45.00 6.0 X 50
5 25.0 100.0 2750 80 100.0 2750.00
8 15.0 100000.0 750 80 100000.0 750000.00
00 200200.20 €510514.00 32.52 0.33
VARYING () - ONE ORDER OF MAGNITUDE - SILT AND GRAVEL ONLY
TAYER - HYDRAULIC ENT | TOTAL TESTED
GECLOGIC YER | THickNess | conpucTmITY ARM | LAYER | PARAMETER 2] coa
CONFIGURATION NO. ® [ ™ Jsumser| Pan
) fgpdm~2) n {n)
# 2A i)
[Two-cycle fluvial
1 100 10 95.00 €0 1.0 95.00
2 250 100 50 .0 10.0 775.00
5 150 1000000] __57.60 8.0 100000: $750000.00
4 100 10 .00 .0 1.0 45X
5 25.0 100 27,50 a0 10.0 275.00
] 150 100000.0 7.50 a0 100000.0 750000.00
100, 20002200 650116000 2.50 033 |




'ER-4148

ORIGINAL
TAVER HYORAULIG | MOMENT ] TOTAL TESTED
GEOLOGIC LAYER | mecxness | conoucnvity AR WYER | PaRAMETER M coa ACOG
CONFIGURATION N [ ® % | NumeeR P=K
(] ~2 ] 0
Faam
wo-cycle fluvial
fining upward)
sILT 1 16.7 0.1 91.67 8.0 [X] 017
SAND Fl 167 10.0 76.00 8.0 10.0 750.00
GRAVEL 3 167 10000.0 66.33 6.0 10000.0 863333.33
ST . [TX (X 4167 6.0 0.1 17
SAND [ 187 100 25.00 6.0 100 250.00
GRAVEL e 18.7 10000.0 [ 6.0 10000.0 $3333.33
700 20020.20 667660.00 33.35 0.93 |
VARYING () - ONE ORDER OF MAGNITUDE - SILT ONLY
LAYER HYDRAULIC | MOMENT | TOTAL YESTED
GEOLOGIC wreR | meoness | conoucviTy A | waver | PamanETER M coa RCOG
CONFIGURATION NO. ® ® o | numBER PN
(] pdm =2 (] {n)
2AM
wo-Cycle fluvial —
1 167 o] eier €0 10 91,67
2 16.7 10.0 75.00 8.0 10.0 750.00
3 18.7 10000.0 56.33 00 10000.0 $63332.33
4 18.7 1.0 41.67 8.0 1.0 .67
3 187 100] 2500 60 100 250.00
] 16.7 10000.0 8.3 6.0 10000.0 8333333
— -
100 20022.00 '687600.00 33.35 0.33
VARYING () - ONE ORDER OF MAGNITUDE - SAND ONLY _
LAYER HYDRAULIC MOMENT | TOTAL TESTED
GEOLOGIC LAYER | THICKNESS | CONDUCTMTY ARM WAYER | PARAMETER (] coa RCOG
CONFIGURATION NO. o [ o4 | NUMBER PeK
] fgpam~2) ] )
W2A (v}
frwo-cycie fiuvial
1 18.7 0.1 91.87 60 0.1 9.7
2 16.7 100.0 75.00 8.0 100.0 7500.00
3 16.7 10000.0 58.33 6.0 10000.0 863333.33
4 V6.7 0.1 41,87 8.0 0.1 X1
s 167 100.0 25.00 6.0 100.0 2500.00
[] 18.7 10000.0 8.33 8.0 10000.0 83333.33
100 2020020 | 676680.00 33.60 0.33 |
VARYING (4 - ONE ORDER OF MAGNITUDE - GRAVEL ONLY
LAYER HYDRAULIC MOMENT | TOTAL TESTED
GEOLOGIC LAYER | muckness | conoucTviTy ARM LAYER | PARAMETER (] coa ACOG
CONFIGURATION NO. ® ® o0 | NUMBER P=N
] Jlopdm~2) ] {n}
@2
Two-cycle fluvial
\ 18.7 0.1 01.67 [ 0.1 0.17
2 16.7 100 75.00 o 10.0 750.00
3 187 1000000 | 8833 X) 700000.0 5633333.33
+ 16.7 1 41.67 0 0.1 17
5 18.7 00| 2500 60 10.0 250.00
0 18.7 100000.0 8.3 6.0 100000.0 833333.33
833333 2
100 "200020.20 9687680.00 2,54 0.33
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ER-4148

Flisname: BASNSITVTVNAS2A(V . wqt

TAVER™ "AVOFRUGE | MOWERT| YOTAL | YESTED
GEOLOGIC LAYER | TickNEsSS | conouctvity | ARM | LAYER | PARAMETER P cos RCOG
CONFIGURATION NO. ® ® M jNmBeR| Pei
” Goam-2) . )
EA(M
‘wo-cycle ftuvial
ining upward) —
BLT 0 6.7 X] 91,67 0.0 [X] 517
BAND 6.7 10. 76.00 6.0 100 76000
GRAVEL 16.7 0000 5833 1 10000 $83335.33
SiLT 67 X a7 X . &
SAND 5 16.7 10.1 28.00 ). 10. 250.00
GRAVEL s 167 75000, E) X 10000 333333
100 20020.20 '857660.00 33.35 0.33 |
VARYING () - ONE ORDER OF MAGNITUDE - SILT AND SAND ONLY
TAY, HYORAULIC ] MOMENT] TOTAL | TESTED
GEOLOGIC LAYER THICKNESS CONDUCTMTY ARM LAYER | PARAMETER (] [=<] RCOG"
CONFIGURATION NO. () ® o0 |NuMBER| PeX
| o {gpam~2) m )
F2A(Y)
ffre-cyce i _
T 167 0] 6167 €0 1.0 01,67
2 16.7 100.0 78.00 8.0 100.0 "7500.00
3 8.7 100000 | 5633 €0 10000, 563333.33
4 18.7 1.0 41.67 8.0 1. _4. .87
s 167 1000 2500 8.0 100, 2500.00
6 187 10000.0 .33 6.0 10000, §3333.33
700 20200 B76500.00 25 5.54 |
VARYING () - ONE ORDER OF MAGNITUDE - SAND AND GRAVEL ONLY
UAYER FIYDRAUUG | MOMENT | YOTAL | TESTED
GEOLOGIC WUYER | THicknEss | conpueTvTy | ARM | LAYER | PARAMETER PeM coa RCOG
CONFIGURATION NO. [*) 0 o0 {nmser| Pew
- ] godm~2) " i
T2
&v—_«.:(cb fluvial
1 87 0. 91.67 0. 9.17
2 8.7 100. 75.00 100. 7500.00
3 7 1000000 | __ 56,33 1 2
4 16.7 . 41.67 .1 417
5 167 100. 25.00 Y 160.0 2500.00
D 187 100000, 833 8.0 100000.0 83333.99
100 200200.20 ©676680.00 33.35 0.33
VARYING (i) - ONE ORDER OF MAGNITUDE - SILT AND GRAVEL ONLY
TAVER ] HYDRAULIC | MOMENT] TOTAL | JESTED
GEOLOGIC WAYER | THicknesS | conoucTvTy | ARM | LAYER | PARAMETER (] ©0G RCOG
CONFIGURATION |  NO. ®) ) o |numBeR] Pen
1 gomen 1w | o
e
cle fiuvial
18, ; 6167 X 01,67
16.7 10. 75.00 X 10 780.00
6.7 1 58.33 1 1 863333333
[ 167 X .67 X 1. .87
s 167 10, 25.00 ®. 10, 250.00
s 167 106000 833 X 100000 833333.33
=% 200022.00 0667600.00 33.34 0.9
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'ER-4148

Fllename: BASNSITVIVAT\P2A0 . wq1
QRIGINAL
- TAVER FYORAUUC | MOMENT | TOTAL VESTED
GEOLOGIC WYer | naciowese | conouctvTy A | LAvER | PARAMETER (] coa AcoG
CONFIGURATION NO. o » M |[mmeer| pe7
L] fgpd72 L] L] U]
F\vo-cydc vial -
1T 10.0 o 95.00 Y 10 86.00
BAND [ 180 10, 280 X 150.0 12375.00
_GRAVEL 3 0 10000 2.50 1 £50000.0 16623000.00
BT r 10.0 X) &0 50 1.0 )
BAND e 180 100 250 80 180.0 4878.00
GRAVEL ® 250 10000.0 12.50 80 250000.0 3125000.00
100 800302.00 16767390.00 3751 0.96 |
VARYING (i) - ONE ORDER OF MAGNITUDE - ST ONLY
LAVER HYDRAULC | MOMENT | TOTAL TESTED
GEOLOGIC WYER | TecxNess | conoucTMTY A | wvern | parameTER . cos RCOG
CONFIGURATION NO, ] (] ~ NUMBER P=T
n @goam-2 . o [T =)
[2A0)
[Ty cle fluvial
%«p 1 100 10] 800 60 100 950.00
2 180 104 =% 80 150.0 12378.00
3 2.0 100000 | @80 €0 250000.0 15825000.00
r 100 10 S0 X 10.0 450,00
[ 150 00] 3250 X 150.0 875,00
e =0 100000 12.50 e, 250000.0 3125000.00
100 '800320.00 16760650,00 37.61 0.38
VARYING (K - ONE ORDER OF MAGNITUDE - BAND ONLY
TAVER "HYORAULIG | MOMENT | TOTAL TESTED
AEOLOGIC LYER | meckness | conoucTviTY A | wven | pamameTER () 0o RCOG
CONFIGURATION NO. ') ® o |[nmesr] pey
(] (opdM~2) [u] {n) [T = xb)
jr2A ()
I wo-cycle fluvial :
fining upward) 1 0.0 1]  ®oo .0 1.0 83,00
2 150 1000 €280 3.0 1800.0 123750,00
3 25.0 10000.0 62.50 .0 250000.0 15825000.00
4 10.0 0. a8.00 o) 10 ~45.00
s 150 100.0 32.50 60 1800.0 48750,00
. 250 1000001 1250 6.0 250000.0 3125000.00
100 50300200 18922640,00 e 0.38 ]
VARYING (i - ONE ORDER OF MAGNITUDE - GRAVEL ONLY _
TAYER HYDRAULIC | MOMENT | TOTAL TESTED
GEOLDGK WAYER | THICKNEBS | CONDUCTMITY A | WVER | PaRamETER P coa RCOG
CONFIGURATION NO. ) ® ™ [ameesr]| pem
o - L. o [T = k)
Emyeh fluvial
[ining upward) 10.0 0.1 96.00 8.0 1,0 96,00
F 130 10.0 %250 80 180.0 12375.00
3 250 100000.0 6250 80| 25000000 158250000.00
) 10.0 0.1 .00 [ 1.0 45.00
[] 15.0 100 280 00 150.0 4375.00
. 25.0 100000.0 12.50 €0]  2500000.0 31250000.00
100 B000302.00 187517300.00 37.50 0.98 |




ER-4148

Filsname: BABNSITVTRTWRAR. wq
ORIGINAL
TAYER FYDRALLC ] MOMENT | YOTAL TESTED
GEOLOGIC ver | mucvess | conoucTvTy Al | WER | raRaMETER ] coa RCOG
GCONFIGURATION NO. [ ® M [mmeer| epey
3 N fgpamz2 B30 Lo k)
hrvial
g
Y ~_ 100 KX 95.00 00 [ #5.00
BAND F 150 00| 8250 80 1%, 12375.00
GRAVEL ] .0 10000.0 250 €0 250000. $5625000.00
siT ) 10.0 0.1 45.00 a0 X ®.00
SAND s 150 00) =50 [y 150 4875.00
GRAVEL ] 30 10000.0 12.80 60 250000.0 3125000.00
100 500302.00 18767360.00 751 0.8
VARYING (4 - ONE ORDER OF MAGNITUDE - 81T AND SAND ONLY
UAYER HYORAUUC | MOMENT | TOTAL TESTED ;
GEQLOGIC WYER | muciess | conoucTvry ARA | LAYER | PARAMETER P coa ACOG
CCONFIGURATION NO. (%) o o Inmeer| FeD
” opam~2 o ] [MT=w)
2411
[Two-cycle fluvial —
ning u 1 100 1.0 93.00 60 10.0 $50.00
2 15.0 1000 #25% [ 1500.0 1237%0.00
3 25.0 10000.0 62.50 60 2500000 18625000.00
r 100 10 &5.00 60 0.0 450.00
[ 15.0 10001 %% 00 15000 #6750.00
[ 250 10000.0 12.50 60 250000.0 3125000.00
— — —
00 $03020,00 18923000.00 37.02 0.38
VARYING (4 - ONE ORDER OF MAGNITUDE - SAND AND GRAVEL ONLY
LAVER HYDRAUUG | WMOMENT | TOTAL TESTED
QGEOLOGIC WYER | Tmuckness | conoucTvTy s | wuver | sanameTer " coa RCOG
CONFIGURATION NO. [ ® o |jwsmeern| pem
m ) " o {T= k)
feaAn
clo fuvial
ining upward) [ 10.0 0.1 95.00 8.0 1.0 95.00
2 150 100.0 82.50 X 1500.0 123750.00
3 250 1000000] €250 O 2500000.0 156250000.00
. 100 1 8.00 X 1.0 45,00
s 15.0 100.0 %250 5.0 1500.0 48750.00
] 25.0 100000.0 1250 80 | 2500000.0 31250000.00
100 "5003002.00 18767264000 37.81 0,08
VARYING () - ONE ORDER OF MAGNITUDE - SILT AND GRAVEL ONLY
LAVER HYDRAULIC | MOMENT | TOTAL TESTED
GECLOGIC WYER | maoxaess | conpuctvity AR | WAYER | PARAMETER (2] coa ACOG
CONFIGURATION No. ™ ™ o [nuser] ped)
n gean2 n | w | ;mew
‘wo-cycle fiuvial
Jfining upward) 1 100 10] " eso0 .0 0.0 950.00
2 150 W0o| &% €0 180.0 _12376.00
3 260 100000.0 6280 $0| _ 2500000.0 186250000.00
. 100 0 45.00 80 10.0 450,00
) 150 100 2% 6.0 180.0 4878.00
s 25.0 100000.0 1280 80|  2500000.0 31250000.00
100 5000320.00 167518650.00 37.50 6.38




'ER-4148

Flopame: BABNSITVIVIT\#2AH0.wq1 .
ONGINAL
TAVER "RVORRO0S ™ T MSKERY YO "1 TESTED
GEOLOGIC AvER | neciowss | conoucrvity | am | AvER | PARAMETER ~u coa RCOG
CONFIGURATION |  NO. [ ' M |Nmeer] pem
] PR D ] £ o)
fluvial
4 % G X Y 21878
BAND 15 3 9.5 1 150, 10125.00
GRAVEL 1. 70000: 85,00 . 100000, 8500000.00
[t FX . 3750 1 2 .75
BAND B 15. 10, 17.80 1 180, 2625.00
GRAVEL [ 100 10000. 8.00 1 100000, '500000.00
700 200305.00 '013062.50 30.02 0.30
VARYING (<) - ONE ORDER OF MAGNITUDE - 1LY ONLY
TAYER | FVDRAULC ] MOMENT| TOTAL | TESTED
GEOLOGIC ven | nucxess | conouctviiy | A | waver | ParameTen ot coG ACOG
non | N ® ) M |nmeer| e=1
L fedn’2) (<] L] =)
| Z20)
25.0 X o750 L0 = 2187.50
2 150 T100]_ e7.5C 150, 10125.00
3 10.0 70000.0 | 85.¢ 1 00000, B500000.00
a 25, 37.50 1 25, 37.50
s 18 10, 17.50 ; 180.0 2625.00
8 10. 10000. 5.00 .0 100000.0 550000.60
T 20035000 BIEBR .53 B30 |
VARYING () - ONE ORDER OF MAGNITUDE - BAND ONLY
TAYER HYDRAULC | MOMENT| YOTAL | JTESTED
GEOLOGC LAYER | mckness | conoucTvity | AAM | LAYER | PaRAMETER [ ©oG RACOG
CONFIGURATION | NO. ® ] o [nmser] Pem
® lgpam~2 ® o | mew
[F2A)
frcorce sl - R a
e 031|618 1 3 218.75
2 15. 100.0 L":W 3. 1500. 101250.00
E 10, 100000 | 85.00 1 5500000.00
. =0 01| 37.50 2 075
0 15.0 106.0] _ 17.50 1 1800.0 26250.00
0 10.0 10000.0 5.00 1 100000.0 500000.00
700 203005,00 8127812.50 30.10 0.30 |
VARYING () - ONE ORDER OF MAGNITUDE - GRAVEL ONLY
TAYER | HYORAULC ] MOMENT] TOTAL | TESTED
GEOLOGIC uver | moess | conouervity | aam | wver | paramETER (] oG ACOG
CONFIGURATION NO. (-] [ ] & | NUMBER P=T
n gpm2 ® W] ek
[Fro-crce fuvia _
250 0.1 50 0 21878
15, 100] €. .0 150. 10125.00
103 00000 55,00 1.0 | 1000000, B5000000.00
4 2. X 37.50 X 2 .73
8 1. 10, 17.50 X 150, 2625.00
[ 10.0 100000, .00 1000000 8000000.00
700 2000905.00 800 13062.50 30.00 0.0
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'ER-4148

Filsname: BASNSITVIVITVIZAR).wq 1
ORIGINAL
B TAVeR IVORALLE [ MOMENT] TOTAL 1 TESTED
GEOLOGIC LAYER | THICKNESS | CONDUCTMTY AR | LAYER | PARAMETER P ©oa RCOG
CONFIGURATION No. ™ ™ 1 s |wneer] eem
" goam-2 ) N =]
fovial
L - —
saT 1 250 X 8750 80 28 218.78
BAND ] 80 001 5% 80 1500 10125.00
GRAVEL 3 160 100000 85,00 a0 iooo000 500000.00
S, ) 260 — o 3750 [Y) 28 [0
BAND s 150 100 17.80 80 1800 2625.00
GRAVEL e 10.0 10000.0 8.00 80 100000.0 '800000.00
100 200305.00 '6013062.50 "0.02 0.90 |
v - ONE ORDER OF MAGNITUDE - 8ILT AND SAND ONLY
VARYING 04 ONE ORC S— W
TAVER HYORAULIC | MOMENT | TOTAL | TESTED
GEOLOGIC IAYER | macess | conpucrviy A | ver | paranETeR . coa RCOG
CONFIGURATION NO. ® . o |mmszr]| =7
[.] pd/k 2 ] n [I=kb)
am -
[Two-cycie fuvial
1 5.0 10| 87.5 0 25.0 2167.50
2 15.0 1000] 6780 60 1500.0 101250.00
3 100 100000 85,00 80 100000.0 §500000.00
r 50 .01 a5 80 2. 837.50
s 180 10001 1750 %0 1800. 26250.00
[ 10.0 10000.0 500 60 190000, 500000.00
100 203050.00 13062500 0.1 0.30
VARYING (K - ONE ORDER OF MAGNITUDE - BAND AND GRAVEL ONLY .
TAVER HYDRAULC | MOMENT ] TOTAL | YESTED
GEOLOGIC LAYER THICKNESS CONDUCTMTY ARM LAYER | PARAMETER M €00 RCOG
CONFIGURATION NO. ® L] o [nmser] PeD
| ” fgpam~2) ) ) [T = 1)
b 2A (i)
[Fwo-cycie hovial
1 25.0 [X] 87.50 80 28 218.75
2 15.0 100.0 67.50 €0 1500.0 101250.00
3 10.0 100000.0 55.00 6.0 1000000.0 $85000000.00
s 250 0.1 37.50 [ 28 83.78
s 150 100.0 1750 0.0 1500.0 26250.00
e 10.0 100000.0 5.00 ®0] 10000000 '8000000.00
100 2003005.00 | 00127812.50 3002 030 ]
VARYING (4 - ONE OROER OF MAGNITUDE - ST AND GRAVEL ONLY o
TAYER AYDRAULIC ] MOM TOTAL | TESTED
GEOLOGIC VR | maoxness | comoucnviry A | wver | paraneTer (] coo RACOG
CONFIGURATION NO. o ® M Jmmeer] Ped
] gpam~2 L) [ L
2 .
Jrwocycle fuvia
1 20 o] 7% . 250 2167.50
2 1. 1001 6750 X 150.0 10128.00
3 0.0 790000.0 55,00 X 1000000.0 $5000000.00
e 250 1.0 37.50 80 250 937.60
s 18.0 10.0 17.50 80 150.0 262500
s 10.0 100000.0 8.00 .0 0 00
100 200035000 | 60015878,00 30,00 "0.30 |




ER-4148

Flename: BABNSITVIVAT\G2A0M) . wq t

ORIGINAL
TAVER WYORAUUC ] MOMENT | YOTAL YESTED
GEOLOGKC veRn | necksess | cosouctviy A | wer | panaeTen "y coa ACOG
CONFIGURATION NO. [ " o |nneer] pey
b= L] Jgodm=2) L] L -
S
vpward)
siLY 10.0 0.1 %6.00 8.0 1.0 96.00
BAND 20 X 60 2500 16378.00
GRAVEL 18.0 10000.0 57.50 [y 150000.0 8825000.00
saT . 10.0 0. 5,00 6.0 1.0 45.00
BAND ) 260 10.0 2750 a0 2500 ©375.00
GRAVEL s 15.0 10000.0 7.60 a0 150000.0 1125000.00
700 "300502.00 $776390.00 25 [X9)
VARYING (4 - ONE ORDER OF MAGNITUDE - BT ONLY L
TAYER HYORALLIC ] MOMENT | TOTAL TESTED
GEOLOGIC LAYER | THCKNEss | conDucTVITY A | WYER | PARAMETER (] oo RCO3
CONFIGURATION NO. ® ® ® [nmsen] pe7
" oem~2 ® w | [ew
Euﬂﬂ)
[Two-cycle fuvial
3 10.0 1.0 ©.00 Y] 10.0 ©50.00
2 250 10.0 7.0 — 80 2500 19375.00
3 15.0 ~10000.0 87.5¢ 10 150000, 8625000.00
) 0.0 10 @00 0 10 450.00
3 250 0.0 27.50 0 250 ~8675.00
0 150 10000.0 7.50 80 150000.0 1128000.00
700 '300520.00 $777650.00 3254 0.3
VARYING (4 - ONE OROEF OF MAGNTTUDE - BANDOMLY .
TAYER FYORAULIC ] MOMENT | TOTAL TESTED
GEQLOGIC ver | macxiess | conouctviry A | wven | paraneTER ] o6 RCOG
CONFIGURATION NO, ) ) o |mmesr] P
(] pdM~2) 4] ) [T = k)
= -
Emy:lc fluvial
1 10.0 o1 $5.00 8.0 1.0 ©5.00
2 250 1000 77.50 8.0 25000 193780.00
3 15.0 10000.0 57.50 .0 150000.0 ©625000.00
0 100 [X] 45.00 T 10 ©.00
® 250 1000 277.% 0 25000 68750.00
] 150 10000.0 7.50 50 150000.0 1125000.00
100 305002.00 10012640.00 32,63 0.33 |
VARYING (4 - ONE ORDER OF MAGNITUDE - GRAVEL ONLY o
LAVER HYDRAULIC ] MOMI TOTAL TESTED
GEROGIC LAYER THICINESS CONDUCTIVITY ARM LAYER | PARAMETER Lo coa RACOG
CONFIGURATION NO. (Y] ® M |mmeer] eem
n gpam2 ) ] rew
e2AT]
Two-cycle Suvial
100 0. 95.00 s 1.0 9500
%0 100 71.5 .. 2500 16375.00
150 700000 57.60 3 15000000]  96250000.00
. 10.0 [X] @0 3.0 1.0 45.00
] 25.0 100 27.50 8.0 _250.0 687800
[ 150 100000.0 7.5 ©0]  1500000.0 11250000.00
- E——
100 300050200 07526300,00 32.50 0.33
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ER-4148

Floname: BASNSITVIV\T\S2A00. wq 1
ORIGINAL
TAveR TVORALLG ] MOMENT ] TOTAL Te5TED
GEOLOGIC LAvER | moess | conouctivy A | wver | paraneTER (o] ACOG
CONFIGURATION NO. ™ ™ M [naeer| ePem
n fgpamaz) " o) =)
wo-cycle fluvial
BLT 1 10,0 [X) 96.00 80 1.0 98.00
8AND 2 250 W00 7780 a0 250.0 16378.00
GRAVEL 3 18.0 10000.0 57.80 €0 180000.0 $625000.00
BT r 100 [X) @00 1 1.0 45.00
BAND C =0 00| 2780 Y 2500 8875.00
GRAVEL [ 150 100000 780 . 1800000 1126000.00
~100 "3005G2.00 §776380.00 25 033
VARYING (4 - ONE ORDER OF MAGNITUIDE . BILT AND SAND ONLY .
TAYER HYORAULIC | MOMENT ] TOTAL TESTED
GEOLOGIC LAYER | mHONess | conoucTviTy A | AYER | PARAMETER Pu RCOG
CONFIGURATION NO. o ® M Jwmeer| pem
— ] ged”2 1.0 Jak)
j2AH)
[Focyele — _
1 100 0] €500 80 10.0 950.00
2 250 1000] 7750 80 2500.0 183750.00
3 15.0 100000 | 87.80 €0 1500000 8625000.00
r 100 V0| 4500 [T 10.0 450.00
[ 250 1000|2750 60 2500.0 68750.00
[ 15.0 10000.0 750 60 150000.0 1125000.00
00 305020.00 | 10013600.00 0.33
VARYING 09 - ONE ORDER OF MAGNITUDE - GAND AND GRAVEL ONLY -
TAVER HYORAUUC ] MOWENT | TOTAL TESTED
GEOLOGIC LAYER | mucxness | conpucTmTY A | WYER | PARAMETER PoM ACOG
CONFIGURATION NO. ® ® o [mmeer]| peT)
™ tgpan~2 ) p_| (e
924 i)
ﬁ»qm fuvial
1 100 [X] 95.00 60 1.0 95.00
2 250 100.0 77.50 €0 2500.0 193750.00
3 18.0 100000.0 57.60 80| 1500000.0 €8250000.00
4 10.0 0.1 45.00 80 1.0 500
s 250 100.0 2150 60 2500.0 66750.00
0 15.0 100000.0 7.50 &0] 15000000 11250000.00
700 300500200 | 97762640.00 0.33
VARYING () - ONE ORDER OF MAGNITUDE - S1LT AND GRAVEL ONLY _ .
TAVER NYDRAULIC | MOMENT | TOTAL | TESTED
GEOLOGIC LAYER | Troness | cowoucTMTY A | LAVER | PARAMETER (L RCOG
CONFIGURATION o, () ] M |[nwweR| pe
| ) fgpam~2) ” " [T=k)
0 2A ()
[Two-cycle fuvial
) 10.0 0] e 80 100 5000
2 25.0 100] 7% 80 2500 19375.00
3 18.0 100000.0 §7.50 80| 1500000.0 85250000.00
s 10.0 10| as.00 €0 10.0 450.00
s 250 100] 2750 e0 250.0 687500
. 15.0 100000.0 7.50 [ 0 11250000.00
100 '3000520.00 $7527650.00 [ 03




ER-4148

Fliename: BABNSITVIVATW2AM.wq 1
ORIGINAL i ’
- TAVER RVORAULS | MOMENT ] TOTAL YE57ED
GEOLOGIC LAvEr | Toiess | conoucTviTy A | wver | ParameETER P ooa ACOG
CONFIGURATION NO. ™ ® M [naeer] Pam
[ QedR~2 2] [J] {1 = kb]
Tovial
sLT 167 0.1 91.67 a0 [X _1ers
SAND F 187 0] 70 [X) 188, 12500.00
GRAVEL 3 187 100000 sax 0 168088 222 2
[T r 187 [X) “e]  eo 1. YY)
SAND 187 100 2500 €0 168 10087
GRAVEL [ 18.7 10000.0 3 60 180006.} 1388838.60
100 '$33670.00 11128000.00 0.3 0.33
VARYING () - ONE ORDER OF MAGNITUDE - BLT ONLY _
TAVER HYDRAULIG ] MOMENT | TOTAL TESTED
GEOLOGIC wvern | meckness | conouctmTy AR | LAYER | PARAMETER (] ©0a RCOG
CONFIGURATION NO. [ ™ M |[mmeer] =7
| ) fgpam-2) ) ) [T=it)
w2AM
wo-cycie fluvial
1 6.7 10 (1 60 167 827.78
2 6.7 10.0 75.00 ) 106.7 12500.00
3 16.7 10000.0 58.35 6.0 1006667 [ %)
) 167 1.0 .87 X 107 00444
B 6.7 10.0 25.00 o 100.7 410867
[] 18.7 10000.0 .33 [ X 186888.7 00
100 333700.00 11130000.00 33.35 0.39 |
VARYING () - ONE OROER OF MAGNITUDE - SAND ONLY
TAVER HYORAUUG ] MOMENT | TOTAL TESTED
GEOLOGIC LAYER | mwcxneEss | conpuchviTy AR | LAYER | PARAMETER oM coa RCOG
CONFIGURATION NO. ® ) ™ Jnmser] PeD
. ] gedm~2) m tn)’ Ts L]
N T
'I-'wo-eyeh fluvial
1 6.7 X} 9167 80 17 15278
2 18.7 100.0 75.00 1668.7 12500000
3 18.7 10000.0 8833 1 166666.7 22
. 18.7 0.1 a7 X (X2 YT
s 8.7 100.0 25.00 80 1008.7 4100867
s 8.7 10000.0 6.3 6.0 10666€,7 1386886.80
700 336670.00 11278000.00 33.50 [E<)
VARYING () - ONE ORDER OF MAGNITUDE - GRAVEL ONLY —
TAYER HYORAUUC | MOMENT | TOTAL TESTED
GEOLOGIC LAYER | THCKNESS | CONDUCTVITY AR | LAYER | PARAMETER (] cos RCOG
CONFIGURATION NO. & “ M [smeer| pem
[s] ~2 [l = kb)
b= fgpdm” L] o),
[Two-cycle fuvial
1 18.7 0.1 01.67 [ 17 15278
2 187 10.0 75.00 20 180.7 12800.00
3 6.7 100000.0 86.30 L0 | 1808686.7 V222
. 8.7 X 41,67 L0 1.7 .
5 8.7 w00 2500 .0 1087 aieeer
0 8.7 100000.0 833 101 vessesa.? 1388865860
Y00 3333670.00 | 111126000.00 35.34 0.33




ER-4148

Floname: GASNBITVIVIVSZAM.wq 1
ORGINAL
“TAVER TVORADUC ] MOWENT ] TOTAL 1 YesTeD
GEOLOGK wuver | macioess | comoucvry | A | wven | paraveren () coo ACOG
CONFIGURATION nO. ™ ® M {vmmeen] pe7
F‘ [.] Gram~2 f n [T=k)
(]
wo-cycle fuvial
[fning upward) i
4] 1 87 X 0107 [} 17 w2
BAND ) 167 1001 7600 (%) 160.7 12500.00
GRAVEL 3 0.7 1000001 583 [ 166008.7 orezze.z2
BT N (1% 0.1 a7 e [ — W
BAND 5 et 0] 00 Y 100.7 0687
GRAVEL 0 16.7 o000 | 83 0 186006.7 1386880.00
100 333670.00 11128000.00 335 0.3 |
VARYING (4 - ONE ORDER OF MAGNITUDE - GILT AND SAND ONLY
TAYER HYODRAUUC | MOMENT | TOTAL | TESTED
GEOLOGIC WYer | meoxness | conouotviry | amm | LAvER | PamameTER ) ) ROOG
CONFIGURATION NO. [ ) M |meeer| Pe7
| n pen=2 o | o | [ew
P2A
[Two-cycle fuvial —
i 167 0] eer €0 67 1827.78
2 8.7 1000 7500 €0 1060.7 125000.00
3 1.7 100000] 8.3 e0 1866687 wazzn.2
r 16.7 X o187 60 187 ov4.44
g 167 10001 2500 () 1666.7 41080.67
[ 187 10000 ¥ [T 186888.7 1388568.80
100 336700.00 1128000000 33.50 0.34
VARYING (1) - ONE ORDER OF MAGNITUDE - BAND AND GRAVEL ONLY _
TAYER HYDRAULIC | MOMENT | TOTAL | TESTED
GEOLOGIC WYER | muoxness | conoucTmry | amM | LAYER | PARAMETER M coa RCOG
CONFIGURATION NO. Y ® & |nmseR|{ Pem
] fopdm =2 ] n [T=ib]
jr2AM)
[roeysie i
[ (%] 0. o167 €0 %) 152.78
2 167 10001 78.00 80 1608.7 125000.00
3 16.7 1000000 | __ 58.33 6.0 7 or222222.22
a 18.7 0.1 a1.67 80 1.7 .44
5 8.7 1000] 2500 80 1886.7 41688.67
. 167 100000.0 (XS €0] 16066667 13666686.89
) 333687000 | 111278000.00 3535 033 |
VARYING (4 - ONE ORDER OF MAGNITUDE - SILT AND GRAVEL ONLY
TAYER WYDRAULIC ] MOMENT | TOTAL ] TESTED
QEOLOGIC Wver | mackness | oconouctviy A | e | paranmeTen L) -] RACOG
CONFIGURATION No. o ® M |smeer] pa7
m gpam~2 ” N ] rew)
| )
Two-cycle fluvial
1 6.7 10| o7 (v 187 1527.78
2 167 00| 78.00 00 166.7 12500.00
3 6.7 1000000 | 8833 €0 [ 1eeea0a7 e
s 187 0] e €0 187 00444
5 187 00] _ 25.00 (1) 1067 a108.67
6 18.7 100000.0 £ s0] 10000887 13838688.80
100 —3333700.00 | 11113000000 | FXET] 0.33




ER-4148

Filename: BASNSITVIV\SY\F2A0). wq1
ORIGINAL :
- TAYER | SPECIFIC | MOMENT] TOTAL | TESTED
QEOLOGIC LAYER | mecxness | viELD ARM | LAYER | PARAMETER M coa RCOG
CONFIGURATION |  NoO. ®) o) @ | NUMBER] (P =8y)
- (] {n (n)
#2A
'wo-cycle fluvial
SILT 100 0.08] _ 95.00 8. 0,08 7.60
BAND 3 15, 02| 825 e. 0.26 2145
GRAVEL 3 25. 023 6280 X 023 1430
ST 4 10. 08| 4500 X .08 3.60
SAND [ 150 26 | 3250 X 26 845
GRAVEL [ 250 023 | 1250 X 023 2.88
100 1.4 B3 B1.18 0.51 |
VARYING (Sy) - INCREASING 0.05 - SILT ONLY -
— | LAYER ] SPECIFIC | MOMENT] YOTAL | TESTED ,
GEOLOGIC tAVER | Tickness | VIELD ARM | LAYER | PARAMETER PoM coa RCOG
CONFIGURATION |  NO. o) ) ™ | sumBer] ®a=sy
{n)
o ] )
l?-m.-yaomu — _
i 10.0 0.93]  95.00 6.0 .13 1235
2 15.0 326 | 82.50 X .26 21.45
3 25. 23| 6280 X 23 14.38
r 10. 13| 45.00 X 13 .85
€ 15 026] 3250 .0 .26 845
[ 250 023 12.50 8.0 .23 2.80
100 124 6.3 52.70 0.53 |
VARYING (Sy) - INCREASING 0.05 - SAND ONLY
TAVER SPECIFIC | MOMENT] YOTAL | YESTED
GEOLOGIC LAYER | THICKNESS | VIELD ARM | LAYER | PARAMETER PM coa RCOG
CONFIGURATION {  NO. ®) ®y o) | NUMBER] (P =8y
® (] ) )
F2A0
[Two-cycle fluvial
10.0 0.06] _ ©5.00 e 0.08 7.60
F 15.0 031 8250 6. 0.31 25.56
3 25.0 023 | 6250 ®. 023 14.38
4 10,0 0.08 | 45.00 8.0 0.0 3.60
3 15.0 031 3950 ; 0.31 10,08
6 25.0 02| 125 8.0 0.23 2.68
100 124 .10 T1.60 0.52 |
VARYING (Sy) - INCREASING 0.05 - GRAVEL ONLY.
) TAYER ]| SPECIFIC | MOMENT] TOTAL | JESTED
GEOLOGIC LAYER | THMICKNESS | YIELD ARM | LAYER | PARAMETER M coa RCOG
CONFIGURATION |  NoO. o) [ o) | NumBer] P=sp
| _m m )
|:_2AQ
[Two-oycle fuvial _
1 10.0 008 | 8500 6.0 0.08 7.60
2 150 026 | 6250 X 5.26 21.45
3 25.0 26|  €2.50 8. .28 17.50
] 10.0 0.08 | 45.00 8. 0.08 3.60
3 15.0 026 3250 X .26 X
0 25.0 028 1250 [X: 0.28 3.50
100 1.24 €210 50.06 " 0.50 |
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ER-4148

ORIGINAL
TAVER ] SPECIFIC | MOMENT] TOTAL ]| TESIED
GEOLOGIC IAVER | THickness | YiEWD ARM | LAYER | PARAMETER M coa RCOQ
CONFIGURATION |  NO. ® ®y) ™ |NUMBER] P=Sy)
] M ()
[#2A0
[Two-cycie fluvial
ST 10.0 0.08 | 9500 €0 .08 7.60
SAND 2 15.0 028 | 8260 €0 D28 21.45
GRAVEL 3 25, 23| 6250 Y .23 14.38
SILT r 10. %08 | 45.00 1 .08 360
SAND 5 15 261 3280 X 028 845
GRAVEL ) 2.0 023] 1280 €0 023 288
100 T.14 X LD A5
VARYING (Sy) - INCREASING 0.05 - SILT AND SAND ONLY .
[“""TAVER | SPECIFIC | MOMENT] TOTAL | TESIED
GEOLOGIC LAYER | THICKNESS | VIELD ARM | LAYER | PARAMETER M coa RCOG
CONFIGURATION {  NO. ® Sy ™ [Numeer| =8y
] m {n)
| £20) ‘
Two-cydlo flvvia i -
Ll 10.0 03| %0 [X] .13 1235
2 16, 031] 8280 X 5,31 2558
3 25 023 | €25 1 .23 14.38
r 10.0 0.13] 4500 T .13 .85
[ 15.0 0311 %25 X 031 10.08
[ 25.0 0231 1250 X 0.23 2.88
100 o4 71.10 53.06 0.6
E—— —
VARYING (Sy) - INCREASING 0.05 - SAND AND GRAVEL ONLY
- TAVER | SPECWIC [MOMENT] YOTAL | TESTED
GEOLOGIC LAYER | THICKNESS | VIELD ARM | LAYER | PARAMETER P*M coa RCOG
CONFIQURATION |  No. ® sy o [ NumBer| Pesy
m ] (n)
)
[Two-cycle fuvial
[] 10.0 08 | 95.00 0 0.08 7.60
2 15.0 31| 8250 6. .31 25.58
s 250 .28 | 62.50 6. .28 17.50
4 10.0 0.08 45.00 6. D.08 3.60
5 15.0 0.31 g_sto 8.0 0.31 10.08
] 25.0 0.28 12.50 8.0 Ag_& 3.50
700 134 $7.65 30.63 057 ]
VARYING (Sy) - INCREASING 0.05 - GRAVEL AND SILT ONLY
[ UAVER, | SPECIFIC | MOMENT] TOTAL | JESTED
GEOLOGIC LAYER | THiCcKNESS | VIELD ARM | LAYER | PARAMETER P*M coG RCOG
CONFIGURATION |  NoO. ® ®) ™ | NUMBER] (P=Sy)
[u] {n)
o : . -
[Two-cycle fluvial ] _ —
i 0.0 13| 95.00 X 513 1235
2 15, 026 8250 1 026 2148
s 25, 028 8250 1 0.28 17.50
4 10, 03] 4500 X 0.13 5.85
5 18, 02| 3250 X 0.26 .45
[ 25.0 028 | 1250 6.0 0.28 3.50
100 1.34 88.10 §51.57 0.52
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ER-4148
Fllename: BASNSITVIYV\S\#2A%).wq1
ORIGINAL
- TAYER SPEGIFIC | MOMENT] TOTAL | TESTED
GEOLOGIC LAVER | THiCKNESS |  YIELD ARM | LAVER | PARAMETER M coa RCOG
CONFIGURATION |  NO. & ®y) o) | numBER| Pa=sy
— fu [ )
[#2A(1)
[rwo-cycie Tavial
SIT 2% 308 | 87.50 .0 0.08 7.00
SAND p 18, 26|__67.50 X 26 17.85
GRAVEL 3 10. 23| 5500 1 23 1265
siLY 4 = .08 | 97.50 X .08 300
BAND [ 5.0 026] 1760 6.0 0.26 486
GRAVEL [ 100 023 .00 60 023 1.15
700 1.14 L) 40.26 .40 |
VARYING (Sy) - INCREASING 0.05 - SILT ONLY
TAVER | SPECIFIC | MOMENT] TOTAL | TESIED
GEOLOGIC LAYER | THICKNESS | viELD ARM { LAYER | PARAMETER M coa RCOQ
CONFIGURATION |  NO. ® Sy ™ INUMBER] (P=8y)
(]
I N
'wo-cycle fluvial — — .
3 .0 (XEN ) 6.0 013 11.38
F 150 026] 7.5 €0 )26 17.55
3 10.0 23] 5500 6. .23 12.65
4 25.0 .13 37.50 s .13 4.88
5 18 26| 17.50 X .28 4.55
s 10.0 0.23 5.00 0 .23 115
100 124 5215 42.06 0.42
VARYING (Sy) - INCREASING 0.05 - SAND ONLY
TAVER | SPECIFIC | MOMENT] TOTAL | TESTED
GEOLOQIC IAYER | THICKNESS | YIELD ARM | LAYER ] PARAMETER P*M coa RCOG
CONFIGURATION |  NoO. ® oy o [ NumBer] @ =sy)
m [ (0]
[Two-cycle fuvial
250 008] 6750 6.0 0.08 7.00
2 15.0 031 7.0 6.0 .31 20.83
3 10.0 0.23] 5500 6.0 .23 12.65
) 25.0 0.08 37.50 8.0 .08 3.00
5 15.0 0.31 17.50 6.0 .31 5.43
e 10.0 03| 500 6.0 0.23 115
100 .24 50.15 40.44 "0.40 |
VARYING (Sy) - INCREASING 0.05 - GRAVEL ONLY
| [~ (AVER | SPECIFIC | MOMENT] TOTAL | JTESIED
GEOLOGIC LAYER | THICKNESS [ VIELD ARM | LAYER | PARAMETER M coa RCOG
CONFIGURATION | NO. ® sy) o™ | NUMBER| (P=5y)
| m m )
Emdem ]
i %0 006 [ 8750 50 0.08 7.00
2 95.0 026]  67.50 X: 0.26 17,65
3 10.C .28 | 85.00 .0 0.28 15.40
r 25.0 081 37.50 X .08 3.00
8 5.0 26| 17.50 5.0 26 4.55
[ 0.0 0.28 5.00 8.0 0.28 1.40
700 24 .90 .44 0.39 |
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ER-4148
Flilsname: BASNSITVIV\SY\F2A(). wqt
ORIGINAL
) TAYER | SPECIFIC | MOMENT] TOTAL | ITESIED
GEOLOGIC IAYER | THiCKNESS | YIELD ARM | LAYER | PARAMETER M coa RCOG
CONFIGURATION | wo. ®) ®y) o | numBeR] P w8y
TP (] ('} o
'wo-cycie fluvial
SIT 250 08 | 87,80 €0 0.08 7.00
SAND F 150 26| 67.60 60 .26 17.55
_G_R_AVEL b 10.0 0.23 55.00 5.0 ).23 12.65
SILT 4 T 250 ~0.08| 37.50 X .08 3.00
SAND ] 5.0 026 1780 50 26 455
GRAVEL s 100 0R| 600 X 0.23 1.16
100 T34 550 20.26 040 |
VARYING (Sy) - INCREASING 0.05 - SILT AND SAND ONLY
‘ [ LAYER | SPEGIFIC | MOMENT] TOTAL | TESTED
GEOLOGIC LAYER | THICKNESS | VIELD ARM | LAYER | PARAMETER ™ coG RCOG
CONFIGURATION |  NO. ®) sy) o™ | NumBeR| =8y
_— (] () )
[ #2A0)
[Two-cycle fluvial — — — —
1 5.0 0.13]| _ 67.50 80 0.13 11.38
2 150 031 | #87.50 3 031 208
3 10.0 023 6500 8. .23 1265
r F3 013] 7.0 X XH 4.58
[ 15, 0.31 17.50 ) 31 5.43
L 10. 0.3 5.00 1.0 .23 145
100 .34 56.40 | 42.09 0.42
VARYING (Sy) - INCREASING 0.05 - SAND AND GRAVEL ONLY
TAVER | SPECIFIC | MOMENT] YOTAL | TESTED
GEOLOGIC LAVER | THickNESS |  vIELD ARM | LAYER | PARAMETER PoM coa ;| mcoa
CONFIGURATION |  NO. o ®y) o [ NumBer| =Sy :
[w] ] {n)
wo-cyclo fluvial
250 008] 8750 6.0 0.08 7.00
2 15.0 0.31 67.50 6.0 0.31 20.93
3 10.0 0.28]  55.00 60 0.28 15.40
[} 25.0 006 | 37.50 €0 08 3.00
[3 15.0 0.31 17.50 3.0 .31 5.43
s 10.0 0.28 5.00 5.0 0.28 1.40
700 T4 53.15 39.66 0.40
VARYING (Sy) - INCREASING 0.05 - GRAVEL AND SILT ONLY
LAYER | SPECIFIC | MOMENT] TOTAL | TESTED
GEOLOGIC LAYER | THICKNESS |  YIELD ARM | LAYER | PARAMETER () coa RCOG
CONFIGURATION |  NO. o ) o | NumBer| @a=sy
L] [4)]
[#2A00) L
'wo-cycle fluvial _— — -
1 “%.0 013 7.5 €0 [X] 1.58
2 150 026 | 6750 €0 0.26 1755
3 10.0 028 | 8500 60 0.28 15.40
4 25.0 0.13 37.50 4.0 0.13 4,68
3 150 0.26 17.50 80 0.26 4.55
s 100 0.28 .00 8.0 0.28 1.40
100 .34 55.15 41.16 041
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ER-4148

ORIGINAL
- TAVER CIFIC ] MOMENT] TOTAL | TESTED
GEOLOGIC LAYER ‘| THICKNESS |  VIELD ARM | LAYER | PARAMETER PM coa RCOG
CONFIGURATION |  NO. ®) ®y o0 |NuMBER| P=9y
— (] . -
(#2ALi)
Two-cycie fluvial
U
ST 10: 008 | 9500 (X 0.08 7.60
SAND 2 25. 026 | 77.50 6.0 026 20.15
GRAVEL 3 18, 2] 57.50 e )23 1323
ST 4 —__ 10 08| 4500 . 0.08 3.80
SAND 3 28] 126 | 3750 X 0.26 715
GRAVEL [ 15 .23 7.50 X 023 1.73
“300 194 <X 46.69 (X34
VARYING (Sy) - INCREASING 0.05 - SILT ONLY
LAYER SPECIFIC | MOMENT] TOTAL | TESIED
GEOLOGIC AVER | THickNEsS | view ARM | LAYER | PARAMETER PoM coa RCOG
CONFIGURATION |  NO. ® ) o) |NUMBER| (P=Sy)
—— 0 (] )
F2AGT)
l'fwmu —
3 10.0 0.13] 500 5.0 [XE 1235
E % 026 | 77.50 . 026 20.15
3 15. .23 | 67.50 . 0.23 13.23
r 10, 013 | 45.00 6. 13 5.85
[ 250 020] 2750 6.0 26 7.15
¢ 15.0 023 7.50 6.0 .23 73
100 124 80.45 48.75 0.49
VARYING (Sy) - INCREASING 0.05 - SAND ONLY
TAVER SPECIFIC | MOMERT] TOTAL | YESIED
QEOLOGIC LAYER | THICKNESS |  YIELD ARM | LAYER | PARAMETER M coa ACOG
CONFIGURATION |  NO. ®) ®y) ®H [NUMBER| (P=s8y
) 0 {n
# 2A (1l
Two-cycte fuviai
1 10.0 0.08 | ©5.00 0.08 7.60
2 25.0 0.31]  77.50 X 0.31 24.03
3 5.0 0.23 57.50 3.0 .23 13.20
4 10.0 0.08 | 45.00 6.0 0.06 3.60
s 25.0 31| 21.50 6.0 0.31 8.53
¢ 15.0 023 750 6.0 D.23 73
100 124 56.70 (A7) 04T
VARYING (Sy) - INCREASING 0.05 - GRAVEL ONLY
] — ] [LAYER | SPECIFIC | MOMENT] TOTAL | TESTED
GEOLOGIC WVER | THICKNESS | VIELD ARM | LAYER | PARAMETER P*M coa RCOG
CONFIGURATION |  NO. ® (Y ™ | NUMBER] (P=8y)
- ® | o
j#2A i)
Fiwo-cycle Ruvial — _
3 10.0 006 95.00 6.0 0.08 7.60
2 250 026 7780 . 026 20.15
3 15.0 28| 67.50 .28 16.1
4 10.0 08] 4500 X .08 3.60
8 25.0 26| 27.50 . .26 7.8
s 15.0 0.28 7.50 6.0 0.28 Z.10
100 124 56.70 45.73 0,46
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Fllename: BASNSITVTV\BY\#2A%i).wq1
ORIGINAL
TAVER SPECWIC ]| MOMENT] TOTAL | TESTED
GEOLOGIC tAVER | icxness | wielD ARM | LAYER | PARAMETER PN coa RCOG
CONFIGURATION |  NO. & ®y) o0 ]NuMBER] @Sy
— [u] (n)
#2A (H) o
[Two-cycle fuvial
SILT 10. 0081 95.00 8.0 0.08 1.60
SAND 28, 26| 77.60 60 0.26 20.15
GRAVEL 18, 23| 67.80 60 023 13.23
SILT 10. .08 | 45.00 5.0 0.08 3.60
SAND [ 250 026| 2750 3.0 028 748
GRAVEL [ 180 023 7.50 .0 023 173
100 .14 5545 26.59 0.47
VARYING (Sy) - INCREASING 0.06 - SILT AND SAND ONLY
T ULAYER | SPECIFIC ] MOMENT] TOTAL | TESTED
GEOLOGIC LAVER | THICKNESS | YiELD ARM | LAYER | PARAMETER oM coa | Rcos
CONFIGURATION |  NO. %) sy o0 | numser| esy
m o] Y
[#2A0i0)
Two-cycie fluvial
— 1 100 03| 9500 80 013 1235
2 25.0 .51 77.50 0] 0.31 24.00
3 18, 0.23 | 57.50 8.0 0.23 1323
r 10. 013  45.00 O .13 5.5
5 25. 031] 21501 X .31 8.53
€ 15, 0.23 7.50 8 23 1.73
100 134 85,70 49.03 0.49
VARYING (Sy) - INCREASING 0.05 - SAND AND GRAVEL ONLY
A [BPECIFIC JMOMERTT YOYAL T YESTED
GEOLOGIC LAVER | THiCKNESS | WIELD ARM | LAVER | PARAMETER ("] coa RCOG
CONFIGURATION |  NO. ®) [ o0 | wnumser] e=sy
[u] ™ (n)
104]
[Two-cycle fluvial
1 10.0 0.06 | 95.00 80 0.08 7.60
2 25.0 ~0.31 77.50 6.0 0.31 24.03
3 5.0 0.28 | 57.50 00 0.28. 16.10
4 10, 0.08 | 45.00 [ 008 3.0
$ 25, 0.31 27.50 €0 0.31 8.53
[ 18. 0.28 7.50 6.0 0.28 2.10
100 1.4 .05 46.23 0.46 |
VARYING (Sy) - INCREASING 0.05 - GRAVEL AND SILT ONLY
LAVER SPECIFIC | MOMENT] TOTAL | JESIED
GEOLOGIC LAVER | THICKNESS | YIELD ARM | LAYER | PARAMETER P*M coa RCOQ
CONFIGURATION |  NoO. ®) ®y) o) |[NuMBER] P =Sy :
| m m ()
!:JAG")
wo-cycle fuial
— 1 10.0 0.13] 500 8.0 0.13 12.35
2 25.0 0.26 77.50 . .26 20.15
3 15.0 028] 57.50 X .28 16.10
[ 100 0.13] 4500 X 0.13 .85
3 25.0 026 [ 27.%0 X 026 15
3 8.0 0.28 7.50 3.0 0.28 210
100 134 870 47.54 0.48
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Filename: BASNSITYTV\SY\#2A(M).wq1
ORIGINAL
TAVER SPEGIFIC | MOMENT| TOTAL | TESIED
QEOLOGIC LAYER | THicKNESS |  WiELD ARM | LAYER | PARAMETER PM coa RCOG
CONFIGURATION |  NO. ® ®y) o) | NUMBER| (P=Sy)
- - (v} )
chyub fuvial
Kfining upward) —
Sy 16.7 5.08 | 91,67 6.0 .08 7.33
SAND 3 7 26 | 75.00 X .26 19.50
GRAVEL 3 8.7 23| 8833 X .23 13.42
ST [ 16.7 106 4167 X 0.08 333
BAND 8 16.7 026 | 2600 6.0 0.26 8.50
GRAVEL C 8.7 023 8.3 6.0 028 192
—700 1.4 Bl 4581 048
VARYING (8y) - INCREASING 0.05 - SILT ONLY :
LAYER SPECIFIC | MOMENT] YOTAL | TESTED
GEOLOGIC LAYER | THICKNESS | ViELD ARM | LAYER | PARAMETER (] coa RCOG
CONFIGURATION |  NO. o ®y) o) |NUMBER| (P=8y)
(] (w8
= )
Emd.w __ __
1 16.7 3] 9167 6.0 .13 .92
F 16.7 )28 | 75.00 8.0 .28 19.50
3 16.7 23| 8833 6.0 .23 13.42
4 8.7 .13 | 41,87 6.0 .13 5.42
8 16.7 026 [ 25.00 60 0.26 6.50
€ 16.7 023] 8.3 60 0.23 2
700 1.24 56.67 47,91 047
VARYING (Sy) - INCREASING 0.06 - SAND ONLY
TAVER | SPECIFIC [MOMERNT] TOTAL | TESTED
GEOLOGIC LAYER { THICKNESS | WIELD ARM | LAYER | PARAMETER M coa RCOG
CONFIGURATION |  NO. ®) (sy) ™) ] NUMBER| (Pe8y)
] [u] (n)
[#2A(V)
[Two-cycle fuvial
16.7 0.08 | 91.67 (X} 0.08 7.3
F 16.7 .31 75.00 6.0 0.31 23.25
3 6.7 0.23]  50.33 8.0 0.23 13.42
4 16.7 008 | 4167 60 0.08 333
5 16.7 0.31 25.00 6.0 0.31 7.76
6 16.7 023 8.33 60 0.23 192
100 1.24 87.00 597 | 0.46 ]
_VARYING (Sy) - INCREASING 0.05 - GRAVEL ONLY
LAYER | SPECIFIC | MOMENT] TOTAL | TESTED
GEOLOGIC IAVER | THICKNESS | WIELD ARM | LAYER | PARAMETER M coa RCOQ
CONFIGURATION |  NO. ® ®y o) | NumBer| =8y
a L) ® )
ez
[Two-cycle Suvial — —
1 6.7 .08 | 0167 €0 0.06 7.3
] 16.7 D26 | 75.00 60 0.26 19.50
3 187 D28 | 58.33 6.0 028 18,33
4 18.7 cos| 4167 €0 0.08 33
s 16.7 026 2500 6.0 028 6.50
0 16.7 0.28 233 80 0.28 233
100 1.24 5.3 44.62 0.45 |
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Filename: BASNSITVIV\SY\#2A0v).wq1

ORIGINAL
o TAVER SPECIFIC | MOMENT] TOTAL | TESTED
GEOLOGIC LAYER | THICKNESS | YIELD ARM | LAYER | PARAMETER PoM coa ACOG
CONFIGURATION |  NO. ® oy o) |numBer] P=sy
[ ® ™ i
#2A(v)
wo-cycie fluvial
Ew;g upward)
ST 8.7 0081 0167 €0 "0.08 733
| _SAND 3.7 020) 7500 (2 0.28 19.50
GRAVEL 7 0.23] 8.3 X 23 1342
SILT 4 167 008 | 4167 X .08 335
BAND - 6.7 026 | 26.00 X .26 8.50
GRAVEL o 8.7 023 838 €0 023 1.92
700 1.14 5200 | 4581 ] 048]
VARYING (Sy) - INCREASING 0.05 - SILT AND SAND ONLY
TAYER | SPECIFIC JMOMENT] TOTAL | TESTED
GEOLOGIC LAVER | THicknEss | viELD ARM | LAYER | PARAMETER M coa RCOQ
CONFIGURATION |  NoO. ®) oY) o0 [ NUMBER] P =Sy
) L T
g'wvv)
Two-cycle fluvial ‘ -
i 6.7 0.13] 9167] 60 [XF) e
2 167 031] 7500 80 031 ] 2325
3 16.7 02| 663 . 0 13.42
y 16.7 513 | 41.67 X 0.13 5.42
5 16.7 .31 25.00 1 0.31 7.75
[ 6.7 )23 8.33 1 023 1.9
100 1.34 83.67 47.51 0.48
VARYING (Sy) - INCREASING 0.05 - SAND AND GRAVEL ONLY
" TAYER | SPECITIC | MOMENT] YOTAL | TESIED
GEOLOGIC LAYER | THICKNESS | YIELD ARM | LAVER | PARAMETER P*M coq RCOG
CONFIGURATION | NoO. ®) ) o™ | NUMBER| =Sy
| m ® o
#2A(V)
Two-cycle fluvial
18.7 0.08 | 01.67 6.0 0.08 7.33
7 16.7 031] 7500 6.0 0.31 23.25
3 16.7 028  56.33 60 0.28 16.33
: 16.7 008 | 4167 . 08 3.33
5 167 031]  2500] 6. .31 7.76
8 16.7 028 8.33 . 0.28 233
700 1.34 6033 | 4502 . 045
VARYING (Sy) - INCREASING 0.05 - GRAVEL AND SILT ONLY
TAVER SPECIFIC | MOMENT] TOTAL ] 1ESTED
GEOLOGIC LAYER | THICKNESS |  YIELD ARM | LAYER | PARAMETER M coa Acoa
CONFIGURATION |  NO. ®) ®y) o™ | NUMBER] (P =8y
(] {n)
Jiwocycle fuvial —
6.7 015 o167 [ (XH e
2 16.7 026 7500 X 0.26 19.50
3 16.7 028] 8833 X 028 6.33
4 16.7 13| 4167 X .13 .42
t 16.7 026]  25.00 X 0.26 6.50
] 6.7 0.28 8.33 3 0.28 FE)
=100 1.04 €200 46,27 0.46 |
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APPENDIX B

Example Summary Tables and Graphs of Sensitivity Analysis
for Geologic Configuration #2A
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HYDRAULIC CONDUCTIVITY

SENSITIVITY ANALYSIS SUMMARY
[#2A()) - ONE UNIT AT A TIME]

‘ORDER OF RCOG
MAGNITUDE
CHANGE SILT SAND . GRAVEL
9| 03752 0.3750 0.5762
8| 0.3752 0.3750 0.5762
7| 03752 0.3750 0.5762
6| 0.3752 0.3750 0.5760
5| 0.3752 0.3750 0.5743
4| 03752 0.3750 | 0.5581
3| 0.3752 0.3750 0.4761
2| 03752 0.3750 » 0.3935
1| 0.3752 0.3750 0.3770
0| 03752 0.3752 0.3752
1| 03752 0.3770 0.3750
2| 0.3755 0.3932 0.3750
3| 03784 0.4750 0.3750
4| 0.4047 0.5568 0.3750
5| 0.5375 0.5748 0.3750
6| 06704 0.5750 0.3750
7| 0.6968 0.5750 0.3750
8| 0.6997 0.5750 0.3750
9| 0.7000 05750 | 0.3750
10| 0.7000 0.5750 | 0.3750
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HYDRAULIC CONDUCTIVITY
SENSITIVITY ANALYSIS SUMMARY

[#2A(i) - TWO UNITS AT A TIME]

~ ORDER OF “RCOG —
MAGNITUDE SILT/ SAND/ GRAVEL/
CHANGE SAND | GRAVEL SILT |
-10 | 0.3750 0.7000 0.5750
-9 | 0.3750 0.7000 0.5750
8| 0.3750 0.6997 0.5750
-7 |_0.3750 | 0.6968 0.5750
6| 03750 0.6704 0.5748
-5 | 03750 0.5375 0.5730
-4 | 0.3750 | 0.4047 0.5568
-3 | 0.3750 0.3784 0.4750
-2 | 0.3750 0.3755 0.3932
-1|_0.3750 0.3752 0.3770
0| 03752 0.3752 0.3752
1| 0.3770 0.3752 0.3750
2| 03995 0.3752 0.3750
3| 0.4761 0.3752 0.3750
4| 05581 0.3752 0.3750
5| 05743 0.3752 0.3750
6| 05760 0.3752 0.3750
7| 05762 0.3752 0.3750
8| 05762 0.3752 0.3750
9| 05762 0.3752 0.3750

112



113

ER-4148

NIS/I9ARIE) —x— [9ARIH/pURS it puegijis —m—

abueyn apmuubep jo JaplO
6 8.L9S4Vv€clt Ol €E VS 9L 8 60}

(swil e 1e spyun om) builiep)

(DVe# - M) SISATVYNY ALIALLISNIS

©00H



ER-4148 114

HYDRAULIC CONDUCTIVITY

SENSITIVITY ANALYSIS SUMMARY
[#2A(ii) - ONE UNIT AT A TIME]

ORDER OF "RCOG

MAGNITUDE
CHANGE SILT SAND GRAVEL
-9 | 0.3001 0.3000 0.4270
-8 | 0.3001 0.3000 0.4270
-7 | 0.3001 0.3000 0.4270
-6 | 0.3001 0.3000 0.4269
-5| 0.3001 0.3000 0.4257
-4 | 0.3001 0.3000 | 0.4155
-3 | 0.3001 0.3000 0.3638
2| 0.3001 0.3000 0.3116
-1| 0.3001 0.3000 0.3013
0| 0.300t1 0.3001 0.3001
1] 0.3002 0.3012 0.3000
2| 0.3004 0.3114 ‘ 0.3000
3| 0.3033 0.3625 0.3000
4| 0.3296 0.4136 0.3000
5| 0.4625 0.4238 0.3000
6| 0.5954 0.4249 0.3000
71 0.6218 0.4250 0.3000
8| 0.6247 0.4250 0.3000
9| 0.6250 0.4250 0.3000
10| 0.6250 0.4250 0.3000
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HYDRAULIC CONDUCTIVITY
SENSITIVITY ANALYSIS SUMMARY

[#2A(ii) - TWO UNITS AT A TIME]

[ ORDEROF | RCOG
MAGNITUDE [ SILT/ SAND/ GRAVEL/
CHANGE SAND | GRAVEL SILT

| -10 | 0.3000 0.6250 0.4250
-9 | 0.3000 | 0.6250 0.4250

-8 0.3000 0.6247 0.4250

-7 | 0.3000 0.6218 0.4250

-6 | 0.3000 0.5954 0.4249

-5 | 0.3000 0.4325 0.4238

-4 | 0.3000 0.3296 0.4136

-3 | 0.3000 0.3033 0.3625

2| 0.3000 0.3004 0.3114

-1 0.3000 0.3002 0.3012

0| 0.3001 0.3001 0.3001

1] 0.3013 0.3001 0.3000

2| 03116 0.3001 0.3000

3| 0.3638 0.3001 0.3000

4| 0.4155 0.3001 ~0.3000

5| 0.4257 0.3001 0.3000

6| 0.4269 0.3001 0.3000

7| 0.4270 0.3001 0.3000

8| 0.4270 0.3001 0.3000

9| 04270 0.3001 0.3000
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HYDRAULIC CONDUCTIVITY

SENSITIVITY ANALYSIS SUMMARY
[#2A(iii) - ONE UNIT AT A TIME]

ORDER OF : RCOG

MAGNITUDE

CHANGE SILT SAND GRAVEL
9| 0.3252. 0.3250 0.5267
8| 0.3252 0.3250 0.5267
7| 0.3252 0.3250 0.5267
6| 0.3252 0.3250 0.5265
5| 0.3252 0.3250 0.5248
-4 | 0.3252 0.3250 0.5086
3| 0.3252 0.3250 0.4264 |
2| 0.3252 0.3250 0.3435
1| 0.3252 0.3250 0.3270
0| 0.3252 0.3252 0.3252
1| 0.3252 0.3270 0.3250
2| 0.3256 0.3432 0.3250
3| 0.3289 0.4250 0.3250
4| 0.3592 0.5068 0.3250
5| 0.5125 0.5230 0.3250
6| 0.6659 0.5248 0.3250
7| 0.6963 0.5250 0.3250
8| 0.6996 0.5250 0.3250
9| 0.7000 0.5250 0.3250
10| 0.7000 0.5250 | 0.3250
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HYDRAULIC CONDUCTIVITY
SENSITIVITY ANALYSIS SUMMARY

[#2A(iil) - TWO UNITS AT A TIME]

ORDER OF RCOG —
MAGNITUDE [ SILI/ |  SAND/ GRAVEL]
CHANGE SAND | GRAVEL SILT
10 | 0.3250 0.7000 0.5250
9| 0.3250 0.7000 0.5250
8| 0.3250 0.6996 0.5250
-7 |_0.3250 0.6963 0.5250
6| 0.3250 0.6659 0.5248
5| 0.3250 05125 0.5230
4| 0.3250 0.3592 0.5068
3| 0.3250 0.3289 | 0.4250
2| 03250 0.3256 0.3432
1| 0.3250 0.3252 0.3270
0| 03252 0.3252 0.3252
1]_0.3270 0.3252 0.3250
2| 0.3435 0.3252 0.3250
3| 0.4264 0.3252 0.3250
4| 05086 0.3252 0.3250
5| 05248 0.3252 0.3250
6| 0.5265 0.3252 0.3250
7| 05267 0.3252 0.3250
8| 0.5267 0.3252 0.3250
9| 05267 0.3252 0.3250
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HYDRAULIC CONDUCTIVITY

SENSITIVITY ANALYSIS SUMMARY
[#2A(iv) - ONE UNIT AT A TIME]

ORDER OF RCOG
MAGNITUDE :
CHANGE SILT SAND GRAVEL
-9 | 0.3335 0.3333 0.5016
8] 0.3335 0.3333 0.5016
-7 1 0.3335 0.3333 0.5016
6| 0.3335 0.3333 0.5015
-5| 0.3335 0.3333 0.5000
-4 | 03335 0.3333 0.4865
-3 | 0.3335 0.3333 0.4179
2| 0.3335 0.3333 0.3488
-1 0.3335 0.3334 0.3350
0] 0.3335 0.3335 0.3335
1 0.3335 0.3350 0.3334
2| 0.3338 0.3485 0.3333
3| 0.3368 0.4167 0.3333
41 0.3638 0.4848 0.3333
5| 0.5000 0.4983 0.3333
6| 0.6364 0.4998 0.3333
7| 0.6634 0.5000 0.3333
8| 0.6663 0.5000 0.3333
9| 0.6666 0.5000 0.3333
10| 0.6667 0.5000 0.3333

ARTHUR LAKES LIBRARY
COLORADO SCHOOL OF MINES
GOLDEN, CO 80401
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HYDRAULIC CONDUCTIVITY
SENSITIVITY ANALYSIS SUMMARY

[#2A(iv) - TWO UNITS AT A TIME]

~ ORDER OF RCOG
MAGNITUDE SILT/ SAND/ GRAVEL/
CHANGE SAND | GRAVEL SILT

10| 0.3333 0.6667 0.5000

-9 | 0.3333 0.6666 0.5000

8| 0.3333 0.6663 0.5000

-7 | 0.3333 0.6634 0.5000

6| 0.3333 0.6364 0.4998

-5 | 0.3333 0.5000 0.4984

4| 0.3333 0.3638 0.4848

3| 0.3333 0.3368 0.4167

-2 0.3333 0.3338 0.3485

-1| 0.3334 0.3335 0.3350

0] 03335 0.3335 0.3335

1] 0.3350 0.3335 0.3334

2| 0.3488 0.3335 0.3333

3] 04179 0.3335 0.3333

4| 0.4865 0.3335 0.3333

5] 0.5000 0.3335 0.3333

6| 05015 0.3335 0.3333

7] 05016 0.3335 0.3333

8| 05016 0.3335 0.3333

9| 05016 0.3335 0.3333
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HYDRAULIC CONDUCTIVITY*

SENSITIVITY ANALYSIS SUMMARY
[#2A() - ONE UNIT AT A TIME]

[T ORDEROF RCOG
MAGNITUDE
CHANGE SILT SAND GRAVEL
9| 0.4169 - 0.4167 0.6382
8| 0.4169 0.4167 | 0.6382
7| o0.4169 04167 | 0.6382
6| 04169 0.4167 0.6380
5| 0.4169 0.4167 0.6360
4| 0.4169 0.4167 0.6181
3| 0.4169 0.4167 0.5277
2| o0.4169 0.4167 0.4369
1] 0.4169 0.4167 0.4189
0| o0.4169 0.4169 0.4169
1| 0.4169 0.4189 0.4167
2| 04169 0.4369 0.4167
3| 04173 0.5278 0.4167
4| 0.4208 - 0.6187 0.4167
5| 0.4446 0.6367 0.4167
6| 0.4861 0.6387 0.4167
7| 0.4984 0.6389 0.4167
8| 0.4998 0.6389 0.4167
9| 0.5000 0.6389 0.4167
10| 0.5000 0.6389 0.4167

* This data is based upon 90 feet of saturated thickness.
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ER-4148

HYDRAULIC CONDUCTIVITY*
SENSITIVITY ANALYSIS SUMMARY

[#2A(i) - TWO UNITS AT A TIME]

ORDER OF RCOG
MAGNITUDE SILT/ SAND/ GRAVEL/
CHANGE SAND GRAVEL SILT

~-10| 0.4167 0.5000 0.6389

91 04167 0.5000 0.6389

-8| 0.4167 0.4998 0.6389

-7 | 0.4167 0.4984 0.6389

6| 0.4167 0.4861 0.6387

51 04167 0.4446 0.6367

4| 0.4167 0.4208 0.6187

3| 0.4167 0.4173 0.5278

2| 04167 0.4169 0.4369

-1] 04167 0.4169 0.4189

0| 04169 0.4169 0.4169

1 0.4189 0.4169 0.4167

2] 0.4369 0.4169 0.4167

3| 0.5277 0.4169 - 0.4167

4| 0.6181 0.4169 0.4167

5| 0.6360 0.4169 0.4167

6] 0.6380 0.4169 0.4167

7| 0.6382 0.4169 0.4167

8| 0.6382 0.4169 0.4167

9| 0.6382 0.4169 0.4167

* This data is based upon 90 feet of saturated thickness.
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