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GROUND-WATER NUMERICAL MODEL FOR VOGTLE

A numerical model was used to simulate the ground-water conditions at the
Vogtle plant site and its vicinity. It was intended to complement the
analytical calculations of ground-water flow and travel times. The

specific objectives of the ground-water flow simulation for the Vogtle

site were to:

8 Investigate if the assumption of persistently high permeabilities of

Utley limestone throughout the area is consistent with water levels

in the vicinity of the site;

s, Determine the location of the ground-water divide with respect to

the power-block area; and

3. Investigate the influence of backfill on water levels in the power

block area.

The methodology and results of the numerical #nalysis and the conclusions
derived therefrom are described in the following sections. The numerical
model used is GS2, described in "Documentation and User's Guide: GS2 &
GS3 - Variably Saturated Flow and Mass Transport Models" (NUREG/CR-3901,

April 1985).

I. Ground-Water Flow Simulation
The finite-element mesh used for the ground-water flow simulation is

ghown in Figure 1. This mesh contains 455 nodes and 413 elements. To

improve accuracy, the mesh is refined in the power block area where the

(1477g)



nodal spacing is approximately equal to 150 ft. The elements become

progressively larger toward the boundaries.

The boundary conditions imposed on the model are shown in Figure 1. The
model extends to the streams bordering the interfluvial ridge on which
the plant is located. The boundary conditions of the model at these
streams are constant head conditions. That is, water levels remain at
the alevation of the streams at these boundaries, or, as in the case of
the boundary along the Savannah River, at the top of the marl exposed
along the bluff. Tue levels of the streams were determined from the U.S.
Geological Survey 7.5-minute quadrangle topographic sheets covering the
area. The top of the marl was taken from Figure 2.5.1-30 of the Vogtle
FSAR. Beneath the narrow area at the northwest boundary between the
Mathes Pond drainage and the tributary to Daniels Branch, no-flow

conditions are specifled.

An average annual recharge rate equal to 15 inches was gpecified
throughout the model. This is a maximum of reported values for the
region and corresponds to about one third of the average annual

precipitation in the area.

The transmissivity in the study area, based on field and laboratory
tests, is postulated to range from 2,000 to 25,000 gpd/ft (gallons per
day per foot) in the north where the Utley limestone is present, and

between 500 and 4,000 gpd/ft in the south where only the sands of the

(14778) 2



Barnwell Group sce present. Transmissivity values within thesu ranges
were successively assumed in the model until a satisfactory agreement
between calculated and observed water levels prior to construction was
obtained. The water-level data prior to construction were used for
calibration of the model because they most closely approximate a
steady-state condition. The results of this calibration procedure are

presented below.

The water levels used as a reference for the model calibration were
weighted averages of measurements made between January 1, 1971, and May
30, 1974, &t each of thirteen wells located at the site of the Vogtlie
plant prior to construction. It is assumed that the reported water
levels taken during that period are all valid measurements representing
the water table. Because there are few observation wells in

the southern part of the study area, the local topography was used to
provide upper bounds to the model results. Specifically, criteria for
acceptable results in the southern part of the study area are that water

levels cannot be higher than a level 20 feet below ground surface.

I1. Model Test Cases

The T (transmissivity) distribution that was found to provide the most
satisfactory agreement between measured and calculated water levels is
ghown in Figure 2. This simulation assumes three areas of aquifer
materials with similar T values equal to, from north to south, 16,000
gpd/ft (area 1), 8,000 gpd/ft (area 4), and 2,000 gpd/ft (area 2). The

Utley limestone is present in areas 1 and 4. The results of the

(1477g) 3



simulation are shown in Figures 3A and 3B, and in Table 1. Avea 3, not
included in this simulation, is the area excavated to the marl and
backfilled for th» power block structures. It is the rectangular area
within the dashed line of Figure 3B. Figure 3A presents five-foot
contours of the calculated water levels for this combination of
transmissivity and a recharge rate of 15 in/yr. Figure 3B is & close-up
view of the power block area, with one-foot contour intervals. The
weighted-average water level measurements are shown in parentheses next

ts the well locations in the figures.

Figures 4 through 8 present results assuming different distributions of
transmissivity in the study area. Figures 4A and 4B and Table 2 show the
results obtained with T = 16,000 gpd/ft in areas 1 and 4 and T = 2,000
gpd/ft in area 2; the same combination of transmissivities as in Figures
JA and 3B except that the transmissivity in area 4 is increased to 16,000
gpd/ft (equal to that of area 1). The results of this case is similar to
that of Figures JA and 3B. However, the fit to the south of the power
block (i.e.; well 124) is not as satisfactory as when the intermediate

transmissivity zone is included in the model (compare Tables 1 and 2).

In Figures 5A and 5B, T is increased to 20,000 gpd/ft in areas 1 and 4,
and T in area 2 is decreased to 400 gpd/ft. This combination of
transmissivities is seen to yield water levels that are too low in the
north and excessively high in the south (Table 3), and is considered

unsatisfactory.

(1477g) 4



Figures 6A and 6B, and Table 4 correspond to the case when T = 16,000
gpd/ft in area 1, 7,000 gpd/ft in area 4, and 4,000 gpd/ft in area 2;
that is, same conditions as in Figures 3A and 3B and Table 1, except that

the transmissivity in the southern part of the model has been increased.

Figures 7A and 7B (Table 5), and Figures 8A and 8b (Tahle 6) are two
additional cases applying T = 8,000 gpd/ft in area 4 and 4,000 gpd/ft in
area 2, but reducing the transmissivity in the northern part of the
model, (area 1); first to 12,000 gpd/ft and then to 8,000 gpd/ft,
respectively. Neither of these cases are found to improve the model
calibration achieved in Figure 3, which is therefore considered the best
cagse among the simulations performed in this study to fit the apparent

weighted averuge water-level conditions prior to construction.

I1I. Influence of Backfill on Water Levels

Figures 9A and 98 and Table 7 show the results when backfill material is
included in the model at the power block excavation. The backflill
material was assigned a transmissivity of %/ 0 gpd/ft (area 3) based on a
permeability of 1200 ft/yr and a thickness of 35 feet. The zone of
backfill material is that area inside the dashed rectangle on Figures 9A
and 98. Recharge in the model is assumed to be similar to
preconstruction conditions except in the power block excavation area. In
that area it is restricted to the portion that will not be covered by
surface paving or buildings. The largest open area available to recharge
is in the southern portion of the backfill. The calculated water lavels
in the power-block area with backfill in-place are slightly higher than

without backfill (i.e., Figures JA and 38).

(14778) 5



Based on the results of the numerical modeling presented in Sections II

and .II it is concluded that:

Of the model test cases used in this study, the closest
spproximation of transmissivities in the study area is as shown in
Figure 2, wherein the study area is divided into three
transmissivity zomes: 14,900 gpd/ft in the northern part (area 1,
2,000 gpd/ft in the southern part (area 2), and 8000 gpd/ft in a
tesnsition zone (ares 4) between the “iigh- and low-transmissivity

reglons.

High permeabilities (i.e., transmissivities greater than 16,000
gpd/ft) are not persistent in the area underlain by the Utley

limeatone .

Over the range of transmissivity values modeled, the ground-water

divide remaing south of the plemt.

A slight rise in water levels s spparent beneath the power block
area when tve backfill material is considered. The direction of
ground-water flow remsins from south to north beneath the power

block.

(1477g) 3




Table 1 - Match of Water Levels at Wells by "Best-Fit" Case

e e B o Bl

|

Observation Wells Model Simulation ;

Water Level Elev. Water Elev. Ditterence f

Na. (Weighted Average, Ft) (Fe) (Ft) |

- - :

420 159 161 2 |
124 ) 1686 O
129 198 1&0 -
140 L&4 1 &0 -dk
142 8. 1 \S7? 1
147 158 159 1

178 1464 168 1 '
177 164 L60 -
178 161 160 L |
243 148 156 =]

244 160 198 -2 .

245 1 &0 161 1 I

249 182 160 -3

- ———— -~ — - .- -~ - - ——

Btatistics of water level differances:

Arithmetic mean 0.2
Standard deviation P §
Bun Of squares divided by M (N=LT) 9.4
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fable 2 - Match of Water Levels at Wells by Test Case |

L R SNSRI RN NSRS TRANTTTIRER

Observation Wells Model Simulation

- ——————— —— - — 1
[

Water Level Elev. Water Elev. Difference :
No. (Weighted Average, Ft) (Ft) (Ft) -
42D 159 162 3
124 166 169 -1 |
129 158 181 . :
130 Lad 161 -3 5
142 156 157 i .
147 198 160 : 1
174 164 169 1 |
177 164 162 -2 |
178 161 160 -4 '
243 149 156 a |
244 160 199 -1 '
245 160 16 2 |
249 163 161 -2 i

.- - -~ - — -~ -~ -~

Statistics of water level differencos!

Arithmetic mean w9
Standard deviationr =8
Sum o+ squares divided by M (M=]3) H.h
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. Table T - Match of Water Levels at Wells by Test Case 2
FETT I TP FT TR T T P P T T R R R T IR0 B 0 B b ot b bt Tt bt Sl b el
Ohservation Wells Model Simulatior
Water Level Elev. Water Elev. Ditferance
No. (Weighted average, Ft) (Ft) (Ft)
42D ' 159 146% .
124 1466 169 L
129 188 W -
140 144 154 0
142 156 1o 4
1472 159 ol 4
174 | &4 174 | 38
177 164 148 2
179 161 160 -1
243 143 158 10
44 160 161 1
~as 140 16 s
249 162 144 1
Statistics of water level di1éferences:
{ Arithmatic mean 3.8
Standard deviation .3
Sum o¢ squares divided by N IN=LT) 25.7




Table 4 - Match of Water Levels at Wells by Test Case I

s N NI AN TARSISIET =BT =IR

Observation wWells Model Simulation
Water Level Elav, Water Elev. Difference

No. (Weinghted Average, Ft) (Ft) (Ft)
42D 159 158 -3
124 165 1861 -2
: 129 158 198 0
i 140 144 158 -
| 142 156 15% -1
| 1432 158 157 -1
: 178 164 159 -
= 177 164 157 -7
178 161 150 -
. I 148 154 &
l 244 160 156 -4
I <45 150 158 -2
5 249 163 158 -5

|

- ——————— - -—— - . - - —-——————— -~ - — . - -

Statistics af water level differences:

. { Arithmetic mean -2.5
_ Standard deviation . 0.
Sum of squares divided by N (N=17) 16.9

B Tk e T L ) I S e B R R N T T I T R R R g R S g ey m——



Observation Wells

——— - — - =

Water Level Elev,

e B e dd i e T ke B B Ol i e a1 MY L B e e e L e T S —
v 5

[

b,

q -

/
A Table S - Match of Watdr Levels at Wells by Test Case 4

Model Simulation

Water Elev. Ditfterence

No. (Weighted Average, Ft) (Ft) (Ft)
42D 159 1560 1
124 1466 162 =
129 158 197 1
140 164 159 -5
142 156 1Ss 0
1473 158 159 1
174 144 1460 -4
¥ 164 158 -&
178 161 160 -1
242 148 159& 3
244 160 158 -2
245 160 160 0
~49 167 189 -4
]
4 Statigstics of water level differences:
| i Arithmnetic mean 2 P
Standard deviation o5 o
Sum of squares divided by M (N=1T) 13.9

N T I N N S N T aN T I I IS I TR IS IS TSR ESN SR
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Table & - Match of Water Levels at Wells by Test Case S

Observation Wells Model Simulation
Water Level Elev. Water Elev. Ditference

MNo. (Weighted Average, Ft) (Ft) (Ft)
4z 159 165 &
124 1646 167 i
129 155 164 &
140 154 154 0
142 156 1561 5
143 159 162 ;9
175 a4 164 )
177 1od 1&3 ot
178 181 i&l }
243 143 160 12
294 160 162 2
~45 160 154 a
249 163 167 L

, Statistics of water lavel differsnces!:

{ arithmetic mean 3.k
Standard deviation 3.6
Sum of squares divided by N (N=1D) 22.2

EFTEFET T PISEE T ST LA L PRt b P R B Rt B o b 2 g et
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Table 7 - Match of Water Levels at Wells by Test Lase &

Ubservation Wells Model Simulation
water Level Elev. Water Elesv. Difference

Nao. (Weighted Average, Ft) (Ft) (Ft)
a2 159 159 0
124 166 15846 ()
129 198 159 1
140 164 160 -4
142 156 157 1
142 158 158 0
176 1464 1646 <
177 164 150 ~4
178 1&1 160 -
243 148 155 rd
244 160 157 -3
—45 160G 160 0
249 1463 159 -4

——————— ——————————. o~ " —— . — . ——— — - ——————————————. ————— ———— T — .

Statistics of water level differances:

Arithmetic mean -0, 4
Standard deviation : 2.9
Sum of squares divided by N (N=13) 8.7
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