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SENSITIVITY ANALYSIS OF A MULTILAYER, FINITE-DIFFERENCE MODEL
OF THE SOUTHEASTERN COASTAL PLAIN REGIONAL AQUIFER SYSTEM:
MISSISSIPPI, ALABAMA, GEORGIA, AND SOUTH CAROLINA

By Maribeth Pernik

ABSTRACT

A sensitivity analysis was made on a multilayer finite-difference regional
flow model developed for the Southeastern Coastal Plain aquifer system. It was
made on both the steady- and transient-state model input parameters. The
results can be used to assess the degree of confidence in the calibrated values
of these parameters.

The sensitivity of the model was tested by changing the calibrated values
for five parameters in the steady-state model and one in the transient-state
model. The parameters changed under the steady-state condition were those that
. had been routinely adjusted during the calibration process as part of the effort
to match predevelopment potentiometric surfaces and elements of the water
budget. The tested steady-state parameters include: recharge, riverbed conduc-
tance, transmissivity, confining unit leakance, and boundary location. 1In the
transient-state model, the storage coefficient was adjusted. The sensitivity of
the model to changes in the calibrated values of the above parameters was eval-
uated with respect to the simulated response of net base flow to the rivers and
the mean value of the absolute head residual. To provide a standard measurement
of sensitivity from one parameter to another, the standard deviation of the
absolute head residual was calculated.

The steady-state model was shown to be most sensitive to changes in rates
of recharge. When the recharge rate was held constant, the model is more sen-
sitive to variations in transmissivity, especially updip in the interstream
divide areas where hydraulic gradients are the steepest. Near the rivers, the
riverbed conductance becomes the dominant parameter in controlling the heads.
In this area, the model is more sensitive to changes in riverbed conductance
than it is to comparable changes in transmissivity and confining unit leakance.
Change in confining unit leakance has little effect on simulated base flow, but
greatly affects head residuals, especially where confining units are thin or
their vertical hydraulic conductivity is large. As shown by tests performed on
the A3 model layer, the model is relatively insensitive to changes in the loca-
tion of no-flow boundaries and to moderate changes in the altitude of constant
head boundaries.

The storage coefficient was adjusted under transient conditions to
illustrate the model's sensitivity to a change in storativity. The model is
less sensitive to an increase in storage coefficient than it is to a decrease in
storage coefficient. As the storage coefficient decreased, the aquifer drawdown
increases, and as a result of a relative flattening of the gradients towards the
rivers, the base flow decreased. The opposite response occurred when the
storage coefficient was increased.



The results of the sensitivity analysis suggest that the values of the
calibrated model parameters are for the most part centrally clustered within the
range of reasonable values that might be used to represent the physical system.
For the updip and middip areas of the system, the calibrated parameters provide
simulated heads that are within about 30 feet of published head data. 1In the
downdip areas of the system, where little data are available for calibration,
simulated potentiometric surfaces probably match actual water levels within 50
feet. The simulated responses to changes in the calibrated values suggest that
the model's ability to simulate actual conditions deteriorates as departures
from the calibrated values increase.

INTRODUCTION

The Southeastern Coastal Plain aquifer system is being studied as part of
the U.S. Geological Survey's Regional Aquifer—System Analysis (RASA) program, a
series of investigations that present a systematlic, unified regional overview
and assessment of the hydrogeologic and geochemical conditions of the Nation's
major aquifer systems. The area of this investigation is in the southeastern
United States and includes part of the Coastal Plain of South Carolina, Georgia,
Alabama, and Mississippi (fig. 1). The Southeastern Coastal Plain aquifer
system consists of siliclastic rocks of Cretaceous to Holocene age, that crop
out in adjacent bands, except where they are overlapped by younger strata. A
major objective of this study is to examine the pattern of ground-water flow
within the network of regional aquifers whose physical boundaries extend beyond
political subdivisions and to simulate this flow by the use of a digital com—
puter.

A sensitivity dnalysis is an essential part of the model calibration proce-
dure, which makes it possible to evaluate the confidence associated with the
calibration of input parameters. If variations in a given input parameter pro-
duce only a minor change in the predicted response, the model is relatively
insensitive to changes in that parameter; therefore, relatively little con—
fidence should be placed in the calibrated value of that parameter. The sen-
sitivity of the model was evaluated by observing the response of the simulated
water levels and base flows to changes in the calibrated status of the model
inputs. The simulated water—level response was recorded statistically as the
arithmetic mean of the absolute head difference and as the standard deviation of
this head difference relative to those simulated under calibrated conditions.

Purpose and Scope

The purpose of this report was to describe the sensitivity of a multilayer,
regional ground-water flow model to changes in its input parameters and boundary
conditions. A graphical approach was chosen for this report, wherein simulated
head and base-flow distributions are plotted as dependent variables against the
input parameter that provide them. The graphical approach is justified because
of the limited data available for calibration standards and the inherent error
associated with regionalized data sets. Accordingly, head profiles were prob-
ably the most descriptive way to illustrate a change in the regional flow
system. The statistical items discussed in this report are limited to the mean
and standard deviation of the absolute head residual that results from using
noncalibrated input data.







































SENSITIVITY OF STEADY-STATE MODEL INPUTS

The sensitivity of the steady-state model was tested by changing the value
of the input parameters by as much as three orders of magnitude in an attempt to
obtain the model's threshold response to that parameter. The threshold is the
point in the response where further change in the input parameter results in
little or no change in the model’'s response. The simulated results were
recorded in terms of absolute head residual and base flow; the former was used
to calculate the standard deviation between the calibrated and altered head
distributions. The results of the sensitivity analysis can be used to evaluate
the confidence that should be associated with the calibrated model values that
are expected to represent the physical system.

Recharge

Calibrated recharge values were simultaneously changed in all layers by one
order of magnitude, and the response was recorded in terms of the absolute head
residual and base flow (fig. 9). The standard deviation of the absolute head
residual was also used to evaluate the model's sensitivity to changes in
recharge.

In general, as recharge increases the net base flow to the rivers and water
levels increases. In all the layers, the model is more sensitive to an increase
in recharge than it is to a decrease in recharge with the difference in the
standard deviation between the two changes being approximately a factor of 10,
This implies that the model is less sensitive to a decrease in recharge than it
is to an increase in recharge with the limited number of river nodes being a
major restriction for the flushing of excess water resulting from additional
recharge.

The response of the model to the additional recharge is a function of the
riverbed conductance, stream stage, and the transmissivity in the area where the
recharge is applied. High transmissivity values in and near the outcrop area
induce lateral movement of the additional water downgradient, while the riverbed
conductance controls the flow of water into the river. Where the riverbed con—
ductance is low, discharge to the rivers is reduced and the additional recharge
remains in the updip areas, resulting in an increase in heads. This situation
is exemplified in model layer A4, as the updip transmissivity values near the
outcrop are relatively high (values range from 0.05 to 0.60 ft2/s), but the
riverbed conductance of the A4 rivers are low (values average less than 0.20
£t2 /s). As a result, the standard deviation of the head residual resulting from
an order of magnitude increase in recharge is about 500 ft.

Model layer A3 shows the greatest base flow response to changes in recharge
because more rivers cut the outcrop of the hydrogeologic unit represented by
this layer, and because the riverbed conductance of the A3 rivers is relatively
higher (values average 0.60 ft2/s) than those along the rivers cutting the other
hydrogeologic units.

The head profiles in the longitudinal and transverse flow direction
illustrate this conclusion (figs. 10 and 11). 1In central Alabama (profile B-B ,
fig. 10), an increase in recharge in all layers results in a sharp increase in
the heads near the outcrop, while a decrease results in only a slight decrease
in the heads from their calibrated positions. This indicates that the model is

15




E 700 ' T T T T
= 800 -
<= c3J10
g s00 | 2 @0 ,
3 T 2
a s00 F ; 400 | . /
a w I I M ]
(4 P . o -
3 400} | % o !
a 200} Lo
- = %
5 300 [ |» e
=
8 0 .. . .
A2 A3 A4 1
® L
< 0 MODEL LAYER / °
w Standard deviation of absolute
o head residual from a change
w 100 b in recharge -
E *
>
0 1 haLY: 1 L
3 L L 0 v »'
=
@
S m.s00 T T ' ' T
&
é’ 15,000 |
E 12500 |
Q
qal 10,000 |-
4
g 7.500 o
>
o 35,000 |
e
5 2.500 -
)
3 : ‘
L L
z ®)

CHANGE FROM CALIBRATED VALUE, IN MULTIPLES OF 10

EXPLANATION

ooooooo A2 RSPONSE
—— A3 RESPONSE
== A4 RESPONSE
—  OVERALL RESPONSE

Figure 9.—Model sensitivity to change in recharge with respect
to (a) mean value and standard deviation of absolute
head residuals, and (b) net base flow to rivers.

16



‘9buDYyoa. Ul 8SDB.IOSP PUD BSDAIOUI JBPUIO UD JpY D 404 pup abupyoas payp.qipd sy} woly sajyoud poay puipnybuo—-q} aunbi4

1334 000°00L NI ‘3NN TIv4 WO¥4 3ONVLSIA

00s

0001

00st

000¢

00s

0001

00sL

0002

00s

0001

00st

o0 Sz st oo S 0S5 €T o0 St
T J ! T LA T
.................................... Hf
L 1 r - .. 1r ."u.l o . 7]
[ a-aw 1 [ o-ow 1T s-8aw [ vvw )
1 1 1 1 ] 1 1 1 1 1 1
] 1 1 1 T T T
" a-acv 0 [ o-oev 17 g-8ecv L[ vvey )
1 1 1 1 1 1 1 1 .... 1 1 1
ws Al 1 T T 1 T 1
- g R I S 7] f 1T 7]
" « 4 L 4L 1L QALVA300VXa |
* AUV3¥9 ITIVOS TVOLLN3A
S S3AON 3ALLOVYNI 3LVOIONI Sdv9
3SVayoaq ---
,a—a 2V 0-0 2V 8-82v V-V 2V Govas
394VYHO3N
1 1 1 1 1 1 1 1 1 1 1

000¢

T3AT] V3S 3A08V L334 NI “TIAT] ¥3LVM

17



1500 T T T T T T T T
RECHARGE
—— CALIBRATED
- INCREASE A2
--- DECREASE
1000 |  GAPS INDICATE -
INACTIVE NODES
VERTICAL SCALE
GREATLY A
3 z A A
500 Y ~
=z Zz
(=] Q
& & A
o 1 1 1 1 ] | 1 1
1500 T T T T :."... T T I I
A A3
o
S 1000 | ' .
™
n - HE S
W E A
s | .. VY
@ 500 | -
.‘é@
L
(r
Z
0 i L
1500 LI 1 I L | ) 1 1
5
g A4
1000 | i
500 | .00......‘ :':.' ‘0...'.' ".:: N
o L
0 30

DISTANCE FROM MODEL BOUNDARY, IN 100,000 FEET

Figure 11.—Transverse head profiles from the cdlibrated recharge and for a half
an order of magnitude increase and decrease in recharge.

18



able to adjust to a loss in recharge by intercepting the water that would other-
wise discharge to rivers. The decrease in base flow (fig. 9b) associated with a
decrease in recharge supports this conclusion. The model uses thils water to
help maintain hydraulic gradients present in the calibrated profile. Despite a
significant increase in the aquifer—-to-river flow when the recharge is
increased, the model must adjust to the additional recharge by raising heads
everywhere.

The local head gradients in the interstream area significantly steepen when
recharge 1s increased, but drop to a lesser degree when the recharge is
decreased from its calibrated value (fig. 11). This is more apparent in pro-
files for model layers A3 and A4 than in profiles for model layer A2, as the
heads in the latter layer are controlled primarily by the boundary conditions in
the overlying source-sink (SS) model layer.

Riverbed Conductance

Calibrated riverbed conductance values were increased and decreased by two
orders of magnitude simultaneously for all model layers. The responses with
respect to the absolute head residual and the net base flow are shown in figure
12. As the value of the riverbed conductance decreases, less water discharges
to the rivers; net base flow decreases, and because water can no longer
discharge as freely from the aquifers to the rivers, heads increase.

Head residual response in all model layers is more sensitive to a decrease
in riverbed conductance than it is to an increase (fig. 12a), but the opposite
is true of base flow (fig. 12b). A decrease in riverbed conductance has the
greatest effect on raising heads in model layer A4, while the greatest impact on
base flow is seen in model layer A3 due to the overall higher aquifer
transmissivity. For example, where the calibrated riverbed conductance is
lowered by an order of magnitude, the standard deviation of model layer A4 is
160 ft as compared to the standard deviation of 80 ft for model layer A3.

Figures 13 and 14 show the hydraulic head distribution drawn longitudinal
and transverse to the regional flow direction, respectively. All head profiles
show a symmetrical deviation from the calibrated profile when riverbed conduc-
tance is changed (fig. 13).

The response to changes in the riverbed conductance in model layer A2 is
simulated only in the updip sections of the profiles as this is where the rivers
are located in the hydrogeologic unit corresponding to this model layer. The
downdip heads in model layer A2 are stabilized primarily by the constant heads
in the overlying source-sink model layer (SS), and show relatively little
response to changes in riverbed conductance.

At profile D-D” (fig. 13), the calibrated profile for model layer A3 shows
a distinct break in slope in the middip range, which is typical of other areas
of the model. This situation is perhaps an indication of a transition from
relatively high rates of updip recharge (via downward percolation) to relatively
small rates of discharge (via diffuse upward leakage), resulting in relatively
flat gradients downdip. Because the A3 does not overlie the A4 in extreme down-
dip parts of this section, the heads in model layer A4 are higher in the downdip
areas than they are in the middip areas, as water cannot discharge upward to
model layer A3.
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As the riverbed conductance decreases, flow towards the rivers is
decreased, resulting in an extremely high interstream head profile. An increase
in riverbed conductance more closely maintains the head gradients that exist
under calibrated conditions (fig. 14). In areas where the calibrated riverbed
conductances are highest (such as near the Peedee River in fig. 14), an increase
in the conductance values has very little effect on reducing the heads. 1In
other areas of the model (such as near the Tombigbee River in fig. 14), where
the calibrated conductances are lower, an increase in conductance results in a
greater head reduction. This is probably a result of the differences between
the transmissivity values adjacent to these rivers which controls the lateral
flow of water.

Transmissivity

Calibrated transmissivity values were changed independently in all layers
by two orders of magnitude. The standard deviation of the absolute head resid-
ual was used to judge the model's sensitivity to a variation in transmissivity.

Head residuals in all model layers are more sensitive to a decrease in
transmissivity than to an increase (figs. 15a, 16a, and 17a). The standard
deviation of the head residual resulting from a decrease in transmissivity
is 3 to 6 times greater than the standard deviation resulting from an increase,
with the largest deviation occurring in the layer in which the change was made.

In terms of base flow (figs. 15b, 16b, and 17b), the model is more sen—
sitive in all layers to an increase in transmissivity than it is to a decrease,
An increase in transmissivity has the greatest effect on base flow of the rivers
in model layer A3, regardless of the layer in which the transmissivity is
changed.

In general, the model is more sensitive to a change in transmissivity in
the updip areas, where the hydraulic gradients are generally steep, than it is
to a change downdip where the gradients are relatively flat. The extent that a
change in transmissivity in one layer influences the adjacent layers depends to
a large extent on the leakance of the confining units separating the aquifers
and the proximity of boundary conditions. As a given confining unit becomes
more conductive, either by thinning or by an increase in vertical hydraulic con-
ductivity, the hydraulic connection between adjacent aquifers increases and the
effect of a transmissivity change on the aquifers may increase. The proximity
to boundary conditions is important in determining the magnitude of response,
as shown by model layer A2 (figs. 18 and 19). The head profile in this model
layer is controlled primarily by the constant heads in the overlying SS model
layer, and as a result, a change in the transmissivity values in model layer A2
has little effect on the heads in this layers or in the underlying layers (fig.
18).

Longitudinal head profiles (figs. 18, 20, and 22) show that as transmissi-
vity increases, water levels updip decrease as more water flows downgradient
away from the outcrop which, in turn, causes an increase in heads in the mid and
downdip areas. This decrease in updip heads causes less water to discharge into
the streams, thus reducing the net base flow to the rivers. As transmissivity
decreases, the longitudinal head profile updip increases, as downgradient flow
is retarded; base flow decreases due to the restricted lateral movement of water
towards the rivers. These effects are more pronounced in aquifer layers A3 and
A4 (figs. 20 and 22) than in aquifer layer A2 (fig. 18).
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The longitudinal head profiles resulting from changing the transmissivity
in model layer A3 a half an order of magnitude are shown in figure 20. A change
in the head profile in model layer A3 has the greatest influence on the longitu-
dinal profile of model layer A4 in western Georgia (profile C-C*, fig. 20).
Here, the confining unit separating model 1a¥ers A3 and A4 is relatively thin
updip and its leakance is as high as 1 x 10~ 0 1/s. As transmissivities in
model layer A3 decrease, there is a corresponding increase in head in the updip
areas of this layer; as a result, the vertical flow between model layers A3 and
A4 increases as the model simulates a new head equilibrium.

The transverse head profiles resulting from a change in transmissivity in
model layer A3 illustrate the influence of topography on the head profiles (fig.
21). The local head gradients are much steeper with a decrease in transmissi-
vity than those with the calibrated transmissivity. However, the increased gra-—
dient is not enough to overcome the effects of decreased transmissivity, and the
net result is decreased base flow (fig. 16). A change in transmissivity in
model layer A3 influences the head profile in model layer A2 between the Flint
and Wateree Rivers (fig. 21) because the confining unit separating the two
layers is relatively leaky there (1 x 10-10 1/4).

Changes in the transmissivity of model layers A3 and A4 show a similar
effect on the heads in the adjacent layers between the Chattahoochee and Flint
Rivers (figs. 21 and 23) as this is where the confining unit separating the two
is relatively leaky (1 x 10710 1/s). West of this area, there is very little
communication between the aquifers as the confining unit thickens and vertical
leakance decreases to as low as 1 x 10714 1/s.

Confining Unit Leakance

The calibrated confining unit leakance values were changed independently in
all layers by three orders of magnitude and the response of the absolute head
residual and base flow was recorded (figs. 24, 25, and 26). The standard
deviation of the absolute head residual index due to an Increase and decrease in
leakance are not suitable sensitivity indicators. A change in the leakance of
any confining unit by as much as two orders of magnitude results in a standard
deviation of less than 40 ft in any one layer and this is considered to be
within the calibration objectives.

The model is more sensitive to a decrease in leakance than it is to an
increase. A decrease in leakance has the greatest effect on the heads in the
aquifer underlying the confining unit whose leakance is decreased (figs. 24a,
25a, and 26a). Simulated base flow in the model is relatively insensitive to
changes in leakance (figs. 24b, 25b, and 26b). This is because the rivers ana-
lyzed for base flow are located updip in and near the outcrop, where the con-
fining units are either absent or very thin. Accordingly, changes in the flow
patterns in middip and downdip areas where the confining units are effective has
little effect on the flow to rivers in the updip, outcrop areas.

The influence of a change in leakance on adjacent aquifers depends on the
relative calibrated leakance of the confining unit and the calibrated head dif-
ferential, or gradient, between the adjacent aquifers. When a confining unit is
thin or relatively conductive, vertical flow between adjacent aquifers is
enhanced, while a thick or less conductive confining unit inhibits vertical
flow. The head gradient between adjacent aquifers depends on the location and
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elevation of the area in question with respect to upgradient areas of recharge,
and downgradient areas of discharge. Areas of high gradient are associated with
topographically high outcrop areas, which receive recharge and leak water down
to the lower layers. Low relief areas are generally downdip and associated with
the confined part of the system that discharges water by diffuse upward leakage.

A change in the leakance of the Cl confining unit has the greatest effect
on the heads in model layer A2, as illustrated in the longitudinal profile in
figure 27. As leakance decreases due to the reduced conductivity of the
conlayer A2 increase. The decrease in the Cl confining unit leakance produces
an increase in model layer A3 and A4 heads, as the model responds to a new
equilibrium with respect to the hampered upward leakage across the "tighter” Cl
confining unit. Changes in the leakance of confining unit Cl have an insignifi-
cant effect on the heads in model layer A3 and A4 west of profile C-C~ (fig. 27)
due to an increase in the thickness of the confining units separating these
layers towards the west, which inhibits hydraulic communication between the
aquifers.

The transverse head profiles (fig. 28) resulting from a change in the
leakance of the Cl confining unit indicates only a slight response between the
Flint and Savannah Rivers, as only a small area of contact exists between model
layers SS and A2 at the location of this profile.

Longitudinal and transverse head profiles illustrating the simulated
response to a half an order of magnitude change in the leakance of confining
unit C2 are shown in figures 29 and 30, respectively. Changes in the leakance
of this confining unit have the most impact on the heads in model layers A3 and
A4 in Georgia and. South Carolina (fig. 29). Under the calibrated status,
discharge across the C2 confining unit allows model layer A3 to leak water
upward to the overlying model layer A2 in the downdip areas. Under the scenerio
of decreased leakance, the downdip heads in model layer A3 increased which, in
turn, caused an increase in the updip heads in this layer. This increase in the
updip heads in model layer A3 results because water that discharges downdip when
using the calibrated leakance in counfining unit C2 does not occur; the net
effect is an increase in heads everywhere in model layer A3. A similar con-
dition is illustrated in model layer A4 along the longitudinal head profile
(fig. 29), as the model adjusts to the altered vertical gradient between the A3
and A4 aquifers.

The longitudinal and transverse head profiles resulting from a change in
the leakance of confining unit C3 are shown in figures 31 and 32. The greatest
response to a change in leakance in this counfining unit occurs in the heads of
model layer A4, except in Mississippi (profile A-A", fig. 31). 1In general, a
decrease in the leakance of confining unit C3 results in an increase in the
downdip heads of model layer A3, because this area receives water that under
calibrated conditions leaks down to the updip areas of model layer A4. 1In model
layer A4, the heads decrease as less water is available via downward leakage
from the updip areas of model layer A3, 1In Mississippi, confining unit C3 is
relatively thick, with leakance values as small as 10‘15 1/s. Here, the
response to a change in the leakance is mainly evident in model layer A3, with
only a slight response in the profile of model layer A4.
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Figure 28.—Transverse head profiles from the cdlibrated C1 leakance and for a
half an order of magnitude increase and decrease in C1 leakance.
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Figure 30.—Transverse head profiles from the calibrated C2 leakance and for a
half an order of magnitude increase and decrease in C2 leakance.
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Figure 32.—Transverse head profiles from the cdlibrated C3 leakance and for a
half an order of magnitude increase and decrease in C3 leakance.
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In the updip areas of western Georgia (profile C-C”, fig. 31), confining
unit C3 is thinnest (approximately 100 ft thick); as leakance decreases, the
vertical flow between aquifers is reduced. This has a greater effect on
lowering the heads in model layer A4 than it does on raising the heads in model
layer A3, because transmissivity values are generally higher in model layer A3
than A4, thereby inducing lateral movement of the additional water to the
rivers.

The head profile of model layer A4 in South Carolina (A4 D-D”, fig. 31) is
unique to the system as it is isolated from both direct recharge and rivers.
Lateral movement within this aquifer is minimal, as the transmissivities in this
area average less than 4,000 f£r2 /d and lateral gradients are relatively subtle;
the principal means of discharge is upward leakage. A change in leakance of
confining unit C3 has a greater effect on the head profile of model layer A4
than on the head in model layer A3 because layer A3 is connected to rivers which
directly drain the aquifer system, whereas model layer A4 is comparatively iso-
lated from the surficial drainage network in South Carolina.

Boundaries

The sensitivity of the model to changes in boundary conditions was limited
to model layer A3 as the downdip boundary was based on a qualitative interpreta-
tion of mapped limits of hydraulic conductivity, whereas the boundaries in the
other layers was based on a combination of hydraulic conductivity and geochemi-
cal information. The location of the downdip no—flow boundary and the altitude
of the constant head boundaries was varied. The results are shown in figures 33
and 34, respectively. The no-flow boundary was moved uniformly in the downgra-
dient direction to the edge of the model grid (equal to 4 model nodes or 32 mi).
The sensitivity of moving the boundary in 4 model nodes was not tested, as a no-
flow boundary was considered inappropriate in this area, and it was not the
intent of this analysis to experiment with other boundary conditions. The alti-
tude of the constant boundaries were increased and decreased 10 ft.

The head change resulting from moving the boundary and from changing the
constant head altitude has the greatest impact on the heads near the shift in
boundary conditions, and the head change decreases rapidly with distance from
the boundary. The area of influence of moving the no-~flow boundary was about 10
nodes (or 80 mi) with the average head change in this area being about 2 ft. A
change in the constant head altitude increas#d a greater area along the north-
west boundary (located in Mississippi) than it did along the northeast boundary
(located in South Carolina), but in both areas the average head change was less
than 5 ft.

The model appears to be relatively insensitive to moderate adjustments in
the boundary conditions of model layer A3. The differences in model area
affected by the boundary change appears to be more of a function of the dif-
ferences between the magnitude of the adjacent transmissivities than it is to a
change in the lateral gradients.

MODEL SENSITIVITY TO TRANSIENT-STATE INPUT
The sensitivity analysis of the transient-state model was limited to

changing the storage coefficient, as this was the only variable adjusted in the
transient calibration process. The simulated results were recorded as a change
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Figure 33.—Area and magnitude of head change resulting from moving the no—flow boundary in model layer A3
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in the absolute head residual averaged in all layers and the sum of the base
flow to rivers. In the transient model, the head residual is a measure of
drawdown. The standard deviation of the absolute head residual was calculated
to evaluate the relative sensitivity of the model to changes in the storage
values. Hydrographs showing major pumping centers and widespread areas of
drawdown were used to illustrate the decline in water levels in model layers A3
and A4 resulting from a change in storage coefficient. The location of these
major pumping centers is shown in figure 35.

Storage Coefficient

The storage coefficients were uniformly increased or decreased in all
layers simultaneously up to an order of magnitude from the calibrated values so
that the changed values would range from 1 x 10702 6 5 x 10705, The higher
values represent semiconfined conditions in the outcrop areas, while the smaller
values represent confined conditions in mid and downdip areas of the system.

The results of the sensitivity analysis are shown in figure 36, where base flow
is shown to decrease over time, and the head residual, or drawdown, increases
over time.

When storage coefficient is decreased relative to calibrated conditions,
less water is released from aquifer storage; drawdown increases above the
calibrated profile, and base flow decreases as the gradients towards the streams
flatten, causing the river heads to drop below the stage. When storage coef-
ficient are increased, more water is removed from storage, there is less
drawdown, and the net base flow to the rivers increases as gradients are
steeper,

Simulated hydrographs were compared to six hydrographs drawn from observed
head data to illustrate the influence of alternative storage coefficient values
on the simulation of heads (fig. 37). Lowering the storage coefficient produced
lower simulated heads which in some cases appears to reduce the divergence be-
tween simulated and observed hydrographs. However, storage coefficients less
than those assumed for calibration are not compatible with results of aquifer
tests. Because lower storage coefficient values approach the compressibility of
water (10'6), they are not considered physically realistic, nor appropriate for
simulation of regional aspects of Coastal Plain hydrogeology.

SUMMARY AND CONCLUSIONS

A sensitivity analysis was conducted on a multilayer ground-water flow
model to determine the effect that changes in the values of input parameters
have on simulated water levels and base flow to rivers. The input parameters
were uniformly increased and decreased by as much as three orders of magnitude
in an attempt to reach the model's threshold where further changes have little
or no effect on the simulation of base flow and hydraulic head. The simulated
water levels were recorded statistically as the mean value and standard
deviation of the absolute head residual. The results were illustrated as
hydraulic head profiles drawn longitudinal and transverse to the general flow
direction. Net base flow was computed as the algebraic difference between the
aquifer-to-stream flow and the stream—to-aquifer flow, although the latter flow
was usually insignificant.

47



‘wolsAs Jajinbe uteld |BISBOD UISISEAYINOS 8yl Ui SONS paloolas e sydesboipAy paaslesqO— Ge anbi4

0828
SHILINOTIN 004 0s 0
—t At
o o S3ITIN 001 os /]
‘¥
4 o
I3
e
0\% _ ° <>
[0} ERN XY K
+ V NN * v +
v e 3 re - \!oOM
NAN100 o ) \ w
HISWNN ANV TVAON ¢E_:: Moy --,:-’--J .U ' N {
HdVHDOHAAH 40 NOILYD01 @ n.mm.mw » S _ e /
NOILVNV1dX3 w o . MN K
. £'SE‘SY __ . f/p
3 x ' U\b VNVISIN o1 '
AY ! p
4 /. < \W /
«¢ \ I T |
e ddIS
ot S J e1g1v® yyz'sz e SISSINW m \
\ H i
/// Loo \ %’ll!lnlnl'ln /
© ! /)
d ' « X
o Y viowoao \ ®yzzsn 2 !
3° N by
4 [ I ) + < )
Y £'58'SY .
~ \i.w \vrovﬂ
) °
/,, e've's mw !
I . - e BT svenvnny |
b/ M e .\L T {
.\\\ . \\-.\ AISSANNTL %w «
YNITOBVD HI1HO S ww __
.\. S < 7 ‘
B e e
6

48




‘o T T T ) T L T L]
100
=10’
z =10
=]
= 78 r
< -
0 F S p--
w Fl
a
a SO I II
@ Fl
a .
20 g 28 ,/, -
) (—% 4
‘0 7 /
° rvg [ 4

A2 A3 A4 /,
MODEL LAYER ,
10 }| Standard deviation of absolute .
head residual from g change P
in storage coefficient -7

1900 1910 1920 1830 1840 1850 1960 1970 1980 1990

2000 T T T T T T T T

T
L

1800

1600

NET BASE FLOW TO RIVERS, IN CUBIC FEET PER SECOND  MEAN VALUE OF ABSOLUTE HEAD RESIDUALS, IN FEET
a

1200 1 ! 1 1 A 1 1 L
1900 1910 1920 1930 1940 1850 1960 1970 1980 1990

®)
EXPLANATION

CALIBRATED STORAGE
"""" INCREASE IN STORAGE
“7"" DECREASE IN STORAGE

Figure 36—Overdll model response to change in storage coefficient with respect
to (@) mean value and standard deviation of absolute head residudls,
and (b) net base flow to rivers from the calibrated model, and from
an order of magnitude increase and decrease in storage coefficient.

49



WATER LEVEL, IN FEET ABOVE SEA LEVEL

450 1 T T T 225 T T
400 _ 200 B .L"":-. ...... . \\‘\~‘~~' pu
| N
175 .
350 |- - I N .
150 | —_
300 | NODE (8.24.3) > 4 NODE (45,35,3)
MISSISSIPPI '\._....._. 125 | HENRY CO. AL -
S = 0.0001 S = 0.00027
250 1 1 | L 100 | L
1940 1950 1960 1970 1980 1990 1960 1970 1980 1990
320
300
280
NODE (41,51,3) ~25 |- NODE (45,85.3) ]
HOUST N CO. GA \ HORR 0. SC
= 0.00233 c—— = 0.00064
260 | 1 1 —-50 1 1 L 1
1950 1960 1970 1980 1990 1940 1950 1960 1970 1980 1990
250 T T T T T 150 T T T
225 | *----. | = $ronueeen . \\\‘~-
S, ‘“"‘~.__‘ S "‘~,‘
TS -~ 140 S~o -
200 | e, - \‘~ ..... TS
. e,
175 + . - .'\..
.-, 130 | e ]
NODE 97.22,4) NODE gs 24, 4{ ------
150 |- MISSISSIPPI — GREEN
S = 0.00036 = 0.00016 N\
125 1 1 1 1 L 120 1 1 1 -
19301940 1950 1960 1970 1980 1990 1950 1960 1970 1980 1990
EXPLANATION

OBSERVED HYDROGRAPH
"""" CALIBRATED STORAGE
T777 INCREASE IN STORAGE
T DECREASE IN STORAGE

Figure 37.—Decline in water level at selected sites, from the calibrated storage
coe{f‘ icient, and for an order of magnitude increase and decrease
in storage.




The tested parameters were limited to those routinely adjusted during
calibration with the intent to simulate published predevelopment potentiometric
surfaces and estimated rates of base flow. Parameters tested in the steady-
state model were recharge, riverbed conductance, transmissivity, confining unit
leakance, and selected boundary conditions. 1In the transient-state model, only
changes in the value of storage coefficient were tested.

The sensitivity of each parameter was tested independently of the others to
assess the relative importance of each parameter on calibration. This 1is not to
imply that the input parameters act independently of each other. 1In fact, the
simulated response is often due to a combination of factors. For example, when
recharge is changed, both the transmissivity in the area where the recharge is
applied and the riverbed conductance values are important in determining whether
the additional recharge will result in a build up of head or whether the addi-
tional recharge will discharge to the streams. In model layers A3 and A4, the
transmissivity distributions near the outcrop of each model layer are very simi-
lar (values in both layers are greater than 8,000 ft2/d), but the riverbed con-
ductance values of the rivers in model layer A3 are 3 to 4 times higher than
those in model layer A4. As a result, when recharge increases, the additional
recharge discharges to the rivers in model layer A3, whereas in model layer A4
the additional recharge causes an increase in hydraulic head.

The steady-state model was shown to be most sensitive overall to increases
in the rates of recharge. The standard deviation resulting from an order of
magnitude increase in recharge averaged nearly 500 ft in all model layers,
whereas a comparable change in riverbed conductance resulted in a standard
deviation of less than 150 ft. When the recharge rate is held constant, the
model is more sensitive to variations in transmissivity, especially updip in the
interstream divide areas, where the hydraulic gradients are steep. Near the
rivers, the model is more sensitive to changes in riverbed conductance than it
is to comparable changes in transmissivity and confining unit leakance. The
model is relatively insensitive to confining unit leakance in terms of affecting
base flow to the rivers, but is very sensitive with respect to the simulation of
head distributions, especially in areas where confining units are thin or the
vertical hydraulic conductivity of the confining unit is large. The model is
relatively insensitive to moderate changes in the location of the no-flow boun-
dary in model layer A3, and to the altitude at the constant head boundaries of
this layer.

The transient—-state model is more sensitive to a decrease in storage coef-
ficient than to an increase. As storage coefficient is decreased, less water is
released from storage and, as a result, the head residual (or in this instance,
the drawdown) increases above the calibrated profile. Increased drawdown
decreases the head gradients towards the rivers, and in some cases causes the
head in the river to drop below the river stage, resulting in a reduction of
base flow compared to calibrated conditions.

Simulated base flow and simulated head residual were plotted against the
order of magnitude change in the value of the altered parameter. The resulting
response curves and the associated standard deviation of the absolute head resid-
ual were used to evaluate the appropriateness of the calibrated values in terms
of accurately representing the physical system. -When the calibrated value falls
on the steep part of the response curve (such as the case for recharge), a rela-
tively high degree of confidence in the calibrated value is probably justified,
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as a change from the calibrated status would generally result in significant
departures from observed conditions. When the calibrated value falls on the
flat part of the response curve (such as the case for confining unit leakance),
the model is relatively insensitive to that parameter, providing little or no
indication of how much confidence should be placed in the calibrated value in
regards to how well it approximates conditions in the real system.

The standard deviation of the absolute head residual tended to be 3 to 6
times greater when a given input parameter was decreased, compared to when the
value of the parameter was increased by the same amount. The exception to this
is the case for recharge, in which the model is far more sensitive to an
increase than it is to a decrease, with the difference in the standard deviation
being a factor of 10. In terms of head residuals, the model is generally less
sensitive to an increase in a given input parameter than it is to a decrease.

The overall results of the sensitivity analysis suggest that the model's
ability to simulate actual conditions deteriorates as departure from the
calibrated values of the input parameters increase. 1In general, the calibrated
values of the model parameters tested are centrally clustered within the range
of reasonable values that might be used to represent the physical system. 1In
the updip and middip areas of the model, where data was generally available with
which to calibrate the model, there is a higher degree of confidence in the
calibrated model parameters than in the downdip areas of the model, where com—
paratively little is known about the flow system.
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