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EXECUTIVE SUMMARY

This report addresses groundwater modeling performed to support the Environmental Impact
Statement (EIS) that is being prepared by the Department of Energy (DOE). The EIS pertains to construction
and operation of a new production reactor (NPR) that is under consideration for the Savannaﬁ River Site (SRS).
Three primary issues are addressed by the modeling analysis: (1) groundwater availability, (2) changes in
vertical hydraulic gradients as a result of groundwater pumpage, and (3) migration of potential contaminants
from the NPR site.

The modeling indicates that the maximum pumpage to be used, 1,000 gpm, will induce only minor
drawdown across SRS. For example, drawdown will be limited to 2.5 ft in the Lower Cretaccous Aquifer at F,
H, and P areas. Drawdown will not extend upward into the Tertiary water bearing zones due to confinement
by low permeability beds. |

Pumpage of this magnitude will have a limited effect on the upward gradient from the Cretaceous
into the Tertiary near Upper Three Runs Creek. The simulations indicate that the boundary of the area of
‘upward flow will move less than 2,000 ft toward Upper Three Runs Creek.

Potentiometric surface maps generated from modeled results indicate that horizontal flow in the
water table is either towards Four Mile Creek to the north or to Pen Branch on the south. Because the NPR
is located on a topographic ridge the ultimate flow path is highly dependent upon where a potential release
actually occurs. Horizontal ﬂow rates are rclatxvcly slow due to the relatnvely less permeable materials in this
‘Zone. ’

Particle trackmg analysls mdxcatcs that the pnmary flow paths are vertical into the Lower Tertiary
Zone, w:th very little lateral migration. Travel times to the Lower Tertiary Zone are on the order of 30 years.
~ Once water reaches this zone, particle tracking analySls indicates relatively rapxd horizontal flow toward the west
to Upper Three Runs Creek and the Savannah River. Total travel times form the NPR site to the edge of the
model (approximately 3 miles) is on the order of 50 years. The flow direction of water in the Lower Tertiary
Zone is relatively well defined due to the regional extent of the flow system. The Pen Branch Fault does not
influence contaminant migration for this particular site because it is in the opposite direction of Lower Testiary
Zone groundwater flow. | |
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1 INTRODUCTION

The United States Department of Energy (DOE) is preparing an Environmental [mpact Statement
(EIS) as a part of the process of developing a new reactor (NPR) to produce special nuclear material. As
required by the National Environmental Policy Act (NEPA), the NPR EIS will address the potential
environmental consequences (to human health and the environment) of this major federal action. Somec of the
possible consequences are related to subsurface transport of contaminants and the impacts of using large
~amounts of subsurface water. Separate quantitative estimates of the potential impacts associated with
groundwater and subsurface contamination are required for NEPA for each phase of the proposed project
(construction, operation, and decommissioning) as well as for worst case accidents. Additionally, DOE intends
to separately quantify the potential impacts of the three proposed reactor designs at the Savannah River Site
(SRS) as part of the NPR EIS process. This EIS is being coordinated by Argomié National Laboratory (ANL)
for DOE. ‘

1.1 SCOPE OF PROJECT ‘

Westinghouse Savannah River Company and GeoTrans Incorporate_d formed a team to perform
numerical modeling of groundwater flow to evaluate potential hydrogeologic impacts of the NPR. The project
was organized into phases: 1) data organization, 2) model construction, and 3) predictive simulations. The first
phase of ihe invéstigation involved assimilation and ihterprctétioti of sitewide .geohydrologic' data needed for

"development of a model of the. NPR site. New data collected ‘as a part of reacior siting invcstigati.ongwcre,
incorporated into the. data base.- The second phase involved adapting a prcviouély, developed regional
groundwater model ¢o fit the needs of this project. The model was then used to establish boundary conditions
for a more localized model of the NPR site. The rationale for using two models is discussed in Section 2 of this
report. The third phase involved running the models to assess the geohydrologic effects of various phases of the
reactor life: construction, operation, and decommissioning. Potential accident scenarios may also be simulated
with the model. Note that the scenarios defined by ANL and the specific information in the facility description
documents indicate that there are no subsurface impacts (e.g., releases) or differences in water uses for the
various phases of reactor life or possible accidents. The available data and guidance from ANL/DOE resulted

in the following major assumptions:

1) Differences in water production are not discernable between reactor types or operating
periods (a 200 gpm case and 1000 gpm worst case were used).

2) No subsurface source terms are identified for any reactor design, either during operation
or accidents. All surface impoundments are lined, and the discharge canal at SRS is to be
lined until the water reaches « gaining stream. Thus, issues associated with subsurface
contamination will be addressed by evaluating head gradients, flow paths and flow times.

3) Existing reactors, fuel fabrication, chemical separation facilities, waste disposal facilities, and
high level radioactive waste processing will continue to operate. Subsurface modeling of past
waste dispnsal areas, existing waste disposal facilities, high level radioactive waste processing
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has alrcady been addressed in prior NEPA documentation. Additionally, the mix of reactor
and support facilities will be operated to meet the national tritium goal. Because the
support facilities for the various cases are operating at similar capacity for similar processes,
and becausc NEPA for the waste management systems has becn performed, subsurface
modeling for this EIS is focused on the reactor area.

1.2 ISSUES ADDRESSED

Three primary issues are addressed by the modeling analysis: 1) groundwater availability, 2) changes
in vertical hydraulic gradients as a result of groundwater pumpage, and 3) migration of potential contaminants
from the NPR site. | |

Although the EIS deals with three types of nuclcar reactors and must address three phases of reactor
life, review of the reactor facility and support facility documents (EG&G, 1989; WHC, 1989; WSRC, 1989 ANL,
1989) indicate that the groundwater requirements for each type and phase are very similar. Therefore, the
maximum quantity required, 1000 gpm, was simulated as a worst case scenario. A 200 gpm scenario was
simulated to bound the possible range of groundwater use. Groundwater usage is generally low because surface
water will be used for cooling purposes. The analysis of groundwater availability focused on regional drawdown
effects result(mg from the new withdrawals of the NPR. Effects on the productivity of wells off-site and at other

SRS facilities was assessed using a regional model of the entire SRS. |

. An important aspect of the SRS groundwatcr flow system is a "head reversal," or area of upward flow
from the deep water productxon aquifers into the ‘shallower water bearing zones. This area is in the central part
- of the site adjacent to the Savannah River and Upper Three Runs Creek where deep incisement of Upper Three
Runs has caused 'dévelopmcnt of a lower head in oi'erlying water bearing zones, resulting in upward- leakage
from the lower aquifers. Maintenancé of the upward ﬂoﬁ'is desirable at SRS because it provides a naturally
induced means of protection for the rcgiqnally extensive lower aquifers. Changes in vertical gradients resulting
from the 200 gpm and 1000 gpm pumpage scenarios were assessed using the regional model. Localized changes
in vertical hydraulic gradients near the NPR are also important, because, if significant, could cause a greater
potential for contaminant migration.

Although the facility and facility support documents indicate that contaminant releases to the
groundwater system were not selected as reasonable accident scenarios, there is a need to assess pathways of
migration for contaminants. Directions of potential contaminant migration can be inferred from hydraulic head
data and by interpretation of modeled results. This analysis was performed using the local NPR site model.
Further quantification of particle trajectories, transit times, and receptors was obtained by épplication of a
particle tracking program.



3

13 CONCEPTUAL DESCRIPTION OF SRS GROUNDWATER SYSTEM

The direction and rate of groundwater flow in a hydrologic system is governed by the hydrologxc

boundaries of the system (i.e., where water enters and lcaves the system), and the nature of the subsurface
materials, (i.e., hydraulic conductivity, heterogeneity, etc.). The resulting hydraulic heads and hydraulic gradients
indicate the flow direction. Characterization of the subsurface materials and mathematical modeling allow
estimation of flow rates and the potential for contaminant transport. A conceptual description of the
groundwater system beneath SRS based on water level measurements in 1988 (Looney et al., 1990) is provided
below to assist in understanding the models developed later. The maps are similar to those developed based on
water level measuremeats from 1986 -1988 (Haselow et al., 1988) to support the Reactor Operations EIS. DOE
(1989) develops a more complete description of the affected environment for the NPR EIS.

There are several water bearing zones beneath SRS that are separated by less permeable aquitards,
Site streams and the Savannah River incise the various layers and serve as hydrologic boundaries. Water enters
the ‘system through recharge and flows downward énd toward the streams in shallow zones and toward the
Savannah River in deeper zones. The fact that each layer may be governed by a different hydrologic boundary
results in different flow directions in the various units. Deep zones flow toward the Savannah River, the Lower
Tcrtiary Zone flows toward Upper Three Runs Creek and the Savannah River, and the Water Table Zone flows
ina complcx pattern toward many site streams and rivers.

Potentiometric maps for the deep Cretaceous Aquifers are shown in Figures 1.1 and 1.2, In the
Upper Cretaceous Aquxfer, flow is predominantsy toward the Savannah River, indicating that water flow into the
river along the site boundary is the controlhng hydrogeologic feature. Geologlc and modelmg studies suggest
that .relatively coarse grained sediments incise the aquitards in the vxcuuty of the Savannah River and’ provide
a pathway between the Upper Cretaceous Aquifer and the river. Flow in the Lower Cretaceous Aguifer is
generally toward the Savannah River, but diverges toward the west near the site boundary. This suggests that
the hydrologic connection between the Savannah River and the Lower Cretaceous Aquifer is somewhat upstream
of the site. . ‘ |

Figure 1.3 shows the potentiometric surface for the Lower Tertiary Zone. In the northwestern
portion of the site, flow is toward Upper Three Runs Creek as exemplified by the equipotential lines curving
around this feature. This flow is expected because Upper Three Runs Creek incises the Lower Tertiary Zone
and acts as a drain. In the southern portion of SRS, flow in this zone is toward the Savannah River.

Figure 1.4 is a potential difference map between the Upper Cretaccous Aquifer and the Lower
Tertiary Zone. In some areas, this gradient is upward because of the influence of Upper Three Runs Creek
on the shallower zone. This head reversal prevents water from moving downward in those areas except in the
immediate vicinity of high volume pumping wells tapping the deeper formation.

Flow in the Water Table Zone in the vicinity of the NPR reference site at SRS is toward local

'streams surrounding the site and downward into the Lower Tertiary Zone. A detailed Water Table map for the

reference site area is presented in Figure 1.5.
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2 DESCRIPTION OF MODELS

The NPR reference site is shown in Figure 2.1. Also shown in this figure is the coverage of the two

models used in this investigation. The models are described in the following sections.

2.1 REGIONAL SITEWIDE MODEL ‘

A numerical model of the hydrogcologxcal system underlymz: ¢ the Savannah River Site was dcvelop(,d
as par* of a comprehensive hydrogeological study by GeoTrans in 1989 (Andersen et al. 1989a). The model was
based on existing data and incorporated currently held theories regarding the nature of the hydrostratigraphic
units. The data and interpretations generally correspond to those of DOE (1989).

The modeled area covers approximately 500 square miles areally and extends vertically from the
water table to bedrock. Where possible, the model uses permanent hydrologic features such as aquifer outcrops,
large surface water bodies, and impermeable bedrock for boundary conditions. Elsewhere, hydrologic conditions
such as flow lines, equipotentials, and groundwater divides are used for boundary conditions.

A finite-difference groundwater code was used to model the site. The code, FTWORK, has been
documented (Faust, et al. 1989), benchmarked (GeoTrans, 1988a), and field tested for a number of applications
including investigations at the Savannah River Site (GeoTrans, 1988b, GeoTrans, 1988¢c, GeoTrans, 1989). Sims,
et al., (1989) describes the testing and benchmarking of FTWORK. The code is currently in the DOE review
proccss for release to the public domain. ‘

For input t6 the code, the modeled area was discretized into a uniformly spaced 30 by 30 finite
difference grid. Each model cell measured 4000 ft on a side. Vertically, the model area was divided into six
layers of non-uniform thickness. A cross-section, running north-south through the central part of SRS, is shown
in Figure 2.2. Aquifers as well as major aquitards are included as layers in the model in order that transient
effects and particle transit distances can be quantified. The various layers correspond to the Affected
Environment Description written by DOE (1989) as follows: Aquifer 1 is the Lower Cretaceous Aquifer,
Aquitard 1 is the Cretaceous Confining Unit, Aquifer 2 is the Upper Cretaceous Aquifer, Aquitard 2 is th.:
Principle Confining Unit, Aquifer 3 is the Lower Tertiary Zone, and Aquifer 4 is the Water Table.

The sitewide model was calibrated by matching modeled hydraulic heads to observed water-levels
at various points in the hydrogeologic system. A total of 67 calibration points were used, and included well
clusters for which vertical hydraulic head data were available. The sitewide model generally matches observed
flow directions, discharge and recharge relationships. This observation, as well as the aniqueness of vertical head
profiles in the cluster wells, indicates that the factors and conditions considered in the model are key elements
of the hydrogeologic system. Comparison of observed and calculated hydraulic heads indicates that the best
match is obtained in the Cretacenus aquifers. This is a function of the coarseness of the model grid and lack

of detailed characterization of the water-table aquifer.



10

The numerical model developed during the study serves as an important benchmark in understanding -
the hydrogeologic system underlying the Savannah River Site. The model is used in the current study to assess
the regional effect of groundwater withdrawals resulting from the NPR and to generate bourtdary conditions for
a site-specific local model of the NPR reference site.

2.2 LOCAL NPR SITE MODEL

Al.hough the sitewide model is capable of addressing many of the regional groundwater issues, it is

of limited utility for addressing issues pertaining to the local area near the NPR. These limitations result
primarily from the coarse discretization used in the sitewide model. The 4000 ft grid spacing does not provide
the resolution required to assess horizontal and vertical hydraulic gradients within the immediate area of the
NPR. It was noted during the calibration of the sitewide model that the accuracy of the model is greatest in the
lower layers. This is because the discretization is adequate for characterizing flow in the lower regional aquifers
but not fine enough to accurately characterize the localized groundwater systems that are strongly influenced by
topography and stream incisement. It was therefore necessary to develop a smaller scale, fine resolution model
of the local area near the NPR to address local issues. The local model incorporates new data collected as a
part of the siting investigation and local data that were not representative of conditions for the sitewide model
(Andersen et al., 1989t)

The NPR mode! includes the area between Four Mile Creek and Pen Branch as shown in Figure 2.3.
These hydrologic features, as well as the groundwater divide cast of the NPR reference site, offer convenient
boundary conditions for the water-table aquifer. Boundary conditions for the lower layers are based on
equipotentials and streamlines as derived from the sitewide model. The model grid was rotated approximately
45° from that of the sitewide model in order to align with principal flow directions, to align with the strike of
" a fault running through the modeled area, to correspond to surface water features, and to take advantage of
streamlines ard equipotentials for boundary conditions in the lower layers. The alignment of the grid
corresponds to the alignment of the SRS coordinate system.

Areally the grid spacing varies from 300 ft to 2000 ft. Fine grid spacing is used in the vicinity of the
reference site, near hydrologic and geologic features, and in areas of expected steep hydraulic gradients. Coarse
spacing is used at the model perimeter. Vertically the model includes the six layers used in the sitewide model.
Layer thicknesses were interpolated from data used in the sitewide model.

Boundary conditions for the water-table aquifer (Aquifer 4) are shown in Figure 2.4. Specified head
conditions derived from stream elevations on a topographic map were assigned to major surface water features:
Four Mile Creek to th: north and northwest, Pen Branch to the southeast, and Indian Grave Branch to the
southwest. Several tributaries were also assigned specified head conditions. A head dependent flux condition,
or drain, was assigned to \he headwaters of most streams. This allowed greater control over the effect of the
stream than did the specified head ~ondition. To the northeast, a no-flow conditions was assigned to represent

the groundwater divide. A specified flux of 15 in/yr, representing precipitation recharge, was assigned to all
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nodes of the water-table aquifer. A vertical conductance term representing the "Green Clay" and other localized
clay units is used to connect the water table aquifer to the Lower Tertiary Zone.

Boundary conditions for the Lower Tertiary Zone are shown in Figure 2.5. Specified heads
interpolated from a potentiometric surface map constructed from site specific data are assigned on three sides
of the model grid. A no-flow condition is assigned on the southeast side to represent a flowline.

Placement of boundary conditions for all layers below the Lower Tertiary Zone is identical. Specified
head conditions, corresponding to equipotentials, are used on the northeast and southwest sides. Because the
grid aligns with flow directions, no-flow conditions representing flow-lines, are used on the other two sides. The
Principle Confining Unit is explicitly modeled. Boundary conditions and observation points for the Upper
Cretaceous Aquifer and Lower Cretaceous Aquifer are shown in Figures 2.6 and 2.7, respectively. In all cases,
hydraulic head values are interpolated from the sitewide model. An individual layer, Aquitard 1, separates the
Upper and Lower Cretaceous Aquifers. | |
| Because the purpose of the NPR model is to improve the characterization of the water-table aquifer
and Lower Tertiary Zone, calibration of the model involved adjustment of those parameters affecting the water-
table configuration and Lower Tertiary Zone potentiometric surface. The characterization of flow in the lower
aquifers from the sitewide model was assumed valid. Therefore, no adjustments were made to parameters in
layers beneath the Lower Tertiary Zon., boundary heads and hydrologic parameters were used directly from the
sitewide model. |

Twenty-seven locations were chosen as calibration targets for the water-table aquifer (see Figure
2.4). More potential targets were ideuﬁﬁcd, however, their proximity to model boundary conditions eliminated
them from consideration, In some areas several wells were located within the same grid block. In this inst.ance
the average of water-levels waé used. Generally good coverage across the model area was attained with the
twenty-seven targets. During the calibration procedure, adjustments were made to the hydraulic conductivity of
the water-table and the Lower Tertiary Zone and leakance of the intervening confining bed. Shown in Figure
2.8 is the modeled potentiometric surface of the water-table aquifer. Also shown in the figure are model
residuals for each calibration target. Generally the match is quite good, particularly near the NPR reference site.
Zonation of hydraulic conductivity could result in a better match between modeled and observed, however,
further adjustment of parameters is unjustified given the limited data base. :

Thirteen locations were chosen as calibration targets for the Lower Tertiary Zone as shown in Figure
2.5. Coverage of the model area is generally good, except in the western (upper left) corner of the model.
Shown in Figure 2.9 is the modeled potentiometric surface of the Lower Tertiary Zone. Model residuals at the
thirteen calibration targets are also shown. The match is generally good, particularly beneath the NPR site.
Some discrepancy on the northeastern side is present but is upgradient of the NPR and does not effect
conclusions drawn from the modeling.

Calibration statistics and model residuals are given in Table 2.1. Inspection of the table indicates
that model residuals are generally within +5 feet of observed. The small mean residual (-0.10083) indicates

minimal bias in model errors.
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Modeled potentiometric surface maps for the Upper and Lower Cretaccous Aquifers are given in
Figures 2.10 and 2.11, respectively. Also shown on these figures are obscrved hydraulic heads at various wells.
Comparison of modeled to observed heads in these aquifers is also generally good. Some discrepancies may be
due to observation well test. It does appear, however, that the fault would only affect water-levels locally and
does not have regional significance on water-levels.placement. In the coarsely gridded sitewide model, calibration
targets are probably within + 2000 ft of actual. Well placement is much more accurate in the local model.

Aquifer parameters used in the model are given in Table 2.2. Note that the hydraulic conductivity
of the water-table aquifer and leakance of the underlying confining bed are in general agreement with values
obtained from calibration of models of the General Separations Area (Duffield, et al. 1986).

" The Pen Branch Fault is a northeast-southwest trending growth fault located along the northwest
border of the Dunbarton Basin. Within the SRS boundaries, the fault trends northeast along the central portion
of the plant striking from N45E to N65E (Snipes et al. 1989). It is believed that movement along the fault began
in the late Triassic, and sediments of Cretaceous, Paleocene, and Eocene age have been cut by the fault. Locally,
the throw of the Pen Branch Fault decreases from about 100 - 120 ft at the base of the Cretaceous to about 20
ft at the base of the upper Eocene Dry B‘ranch Formation. The hydrogeologic significance of the fault was tested
using a series of sensitivity simulations. The fault was incorporated into the model by specifying a zone of high
vertical hydraulic ccaductivity in each of the aquitards in the area cut by the fault. Due to model discretization,
this zone was one grid block, or generally 300 ft, wide. Vertical hydraulic conductivities of twice the ofiginal
value and one order of magnitude greater than the original value were tested in the sensitivity analysis. The
simulations indicate that there is little effect in all layers except the water-table aquifer. Hydraulic heads
decrease locally by approximately 20 ft for the order of magnitude increase in hydraulic conductivity (Figure
2.12). Inclusion of the fault generally worsens the calibration of the model within the water-table, particularly
near K area. The effects are not as significant in the other layers due to higher transmissivities which damp out
the source/sink effect of the fault. The hydrologic effect of the fault cannot be determined given the lack of a
dense water-level monitoring network or direct groundwater flow data such as a tracer test. It does appear,
however, that the fault only affects water levels locally, 5nd dces not have regional significance on water levels.
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Calibration statistics for the NPR site modecl.

NODE ID I J K OBSERVED CALCULATED RESIDUAL
KAB 2 5 29 1 214.86 - 210.72 4.14
P25D . 29 1 210.17 214.57 -4.40
T18N-1 11 19 1 230.30 237.44 -7.14
TI18N-2 13 18 1 232.13 243.33 -11.2
P18D 14 5 1 219.21 229.94 -10.7
LRP 1-4 16 32 1 206.80 211.01 -4.21
P15D 18 33 -1 227.26 217.90 9.36
M12-3 25 13 1 261.75 259.86 1.89
M12-1 27 13 1 270.98 260.17 10.8
M12-4 27 14 1 269.82 261.86 7.96
M12-7 29 11 1 259.28 254.74 4.54
P27D 34 2 1 265.29 256.32 8.97
KAB3 4 30 1 207.85 203.43 4.42
KAB4 4 29 1 207.81 206.18 1.63
KAC 1-7 8 28 1 217.13 219.23 -2.10
KRP 1-2 8 26 1 217.32 221.36 -4.04
KRP 3-4 8 27 1 216.75 220.92 -4.17
KDB 1-3 5 27 1 209.67 210.92 -1.25
KAB1,KCB 1 4 28 1 208.05 206.75 1.30
KSB1-4A 4 27 1 706.66 205.67 0.995
KRB 14-15 5 23 1 204.81 204.06 0.754
KRB 13 4 24 1 206.08 199.82 6.26
- KRB 1 4 25 1 208.14 201.92 6.22
KRB 8 5 25 1 203.84 207.73 2.11
KSS 1D 5 33 1 170.91 174.80 -3.89
T18 Sl 9 34 1 178.49 180.71 -2.22
CSA 1 17 13 1 246.80 252.33 -5.53
P25A 7 29 2 171.40 163.42 7.98
T18S-1A S 34 2 170.58 165.78 4.80
T18N-1A 11 19 2 173.71 168.25 5.46
P18B 14 5 2 167.85 162.18 5.67
M12-1A 27 13 2 184.19 185.10 -0.907
CMP-8A 23 29 2 181.17 185.67 -4.50
P19A 32 24 2 185.79 191.64 -5.85
p278 34 2 2 178.92 178.18 0.740
P15B 19 33 2 176.88 181.17 -4.29
LAW-3B 20 34 2 174.77 182.62 -7.85
LAW-28B 17 34 2 172.72 178.01 -5.29
LAW-1C 18 35 2 173.28 179.48 -6.20
CMP-5A,12A 21 30 2 179.40 183.69 -4.29
NUMBER OF OBSERVATIONS = 40

RESIDUAL SUM CF SQUARES = 1286.1

RESIDUAL MEAN = -0.10083

RESIDUAL VARIANCE = 32.976
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local models.
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3 MODEL RESULTS

3.1 ANALYSIS OF GROUNDWATER AVAILABILITY

Three scenarios were simulated using the sitewide model to analyze the regional effect of pumpage

resulting from construction and operation of the NPR. The first is the base case and represents current steady-
state ‘conditions. A 1000 gpm discharge from the Lower Cretaceous Aquifer (Aquifer 1, layer 6) was specified
at the NPR reference site (column 16, row 15) for the second scenario. This represents a maxirnum casc for
construction and operation phases of all three reactor designs. The third scenario is similar to the sccond,
except a 200 gpm discharge is specified. This quantity represents an average or likely quantity that would be
used. Comparison of these three scenarios shows the net effect of pumpage from the NPR.

Drawdown within the Lower Cretaceous Aquifer is shown for the 1000 gpm discharge in Figure 3.1.
A maximum drawdown of 10.5 ft occurs in the 4000 ft* finite difference block underlying the NPR. Drawdowns
decrease radially from the site, resulting in drawdowns of 2.5 ft at F, H, and P areas. Drawdown of 1 ft is noted
across much of the site, however, drawdowns do not exceed 2 ft off SRS boundaries. Drawdowns within the
. Upper Cretaceous Zone (Figure 3.2) are similar to those of the Lower Cretaceous Aquifer except maximum
drawdown directly above the pumping well is less. Drawdown in the Lower Tertiary Zone is almost totaily
damped by the confining nature of the Principal Confining Unit. Drawdowns within the Lower and Upper
Cretaceous Aquifers'are shown for the 200 gpm discharge in Figure 3.3 and 3.4, respectively. In this case
drawdown is one-fifth that of the previous case and results in a very limited cone of depression around the NPR
site. The one foot drawdown contour extends only about 2 miles radially from the pumpage center within the
' Lower Cretaceous Aquifer. ‘ ' ' |

Based on these computati'ons, an additional withdrawal of 1000 gpm at this particular site does not
cause significant drawdown impact or reduction in groundwater availability for other parties. ‘

3.2 ANALYSIS OF CHANGES IN VERTICAL HYDRAULIC GRADIENTS

The sitewide model was also used to assess changes in vertical hydraulic gradients. Of particular
interest is the change in the area of upward head that would result from pumpage at the NPR.

Figure 3.5 is a head profile which runs west to east across the entire SRS and approximately through
the NPR site. Shown in this figure are hydraulic heads for the Lower Tertiary Aquifer and Upper Cretaceous
Aquifer for pumping (1000 gpm) and non-pumping conditions. The head reversal is apparent in this figure,
upward flow from the Upper Cretaceous Aquifer to the Lower Tertiary Zone is present generally west of Upper
Three Runs; flow is downward in the eastern portion of SRS. The decline in heads in the Upper Cretaceous
Aquifer due to pumping causes a westward shift of the head reversal interface (the intersection of the
potentiometric surfaces). This shift in shown in an areal sense in Figure 3.6. The largest movement of the head
reversal interface is less than 2000 ft. For the 200 gpm scenario, the shift in the head reversal interface is much
more limited. As shown in Figure 3.7, the movement as a result of the additional pumpage is nearly

imperceptible.
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33 ANALYSIS OF POTENTIAL CONTAMINANT MIGRATION PATHWAYS

Contaminant migration is addressed qualitatively in this study through analysis of potentiometric

surface maps and quantitatively using a particle tracking routine. Particle tracking provides trajectories, transit
times, and receptor locations resulting from a hypothetical release from the NPR site. Particle tracking assumes
conservative solute transport controlled exclusively by the advection process. This type of analysis ray be
considered worst-case because the important processes of dispersion (which would tend to ‘ecreasc
concentrations) and adsorption (which would tend to increase transit times) are not considered. Inclusion of
these processes would require a knowledge of the properties of specific contaminants.

It was noted in the previous sections that drawdowns resulting from pumpage at the NPR would be
minimal in the water-table and Lower Tertiary Aquifer. Contaminant transport analysis therefore uses current
conditions for calculation of velocity and transit times. Similarly, localized changes to the flow system resulting
from NPR construction, such as reduction or redistribution of recharge in covered areas is assumed negligible.

Inspection of water-table maps and water-level data indicate that there is the potentiai for migration
within the water-table aquifer along a 180° angle downgradient of the NPR site. This is because the reference
site straddles a topographic ridge. The direction of migration within the water-table aquifer is therefore heavily
dependent on the exact location of the release. Contaminants have the potential of flowing toward Four Mile
Creek to the north and Pen Branch to the south. It seems unlikely that contaminants could bypass these surface
water bodies and discharge directly to the Savannah River. Based on modeled gradients and hydraulic
parameters, it appears that the most rapid migration to surface water would occur from the NPR to Four Mile
Branch and this would be on fhé order of several hundred years. "This slow transit time assumes that
contaminants remain within the relatively less permeable water-table aquifer. - .

The eighty to ninety foot head difference between the water-table and Lower Tertiary Zone suggests
potential for downward migration. In order to quantitatively assess three-dimensional contaminant migration,
a particle tracker was used to compute flow paths and velocities. Particle tracking uses the modeled head
distributions to derive internodal flow rates and velocities. Particles are then tracked along the generated
streamlines.

The U.S.GS. particle tracker MODPATH (Pollock, 1989), developed for the MODFLOW code
(McDonald and Harbaugh, 1984), was modified for application with FTWORK (Srinivasan, 1989). Particles were
placed at five locations within the NPR reference site and tracked through time. As shown in Figure 3.8, the
vertical hydraulic gradient dominates, and particles "sink” into the Lower Tertiary Aquifer with very little lateral
movement. Once the particles enter this aquifer they move relatively rapidly to the west, toward Upper Three
Runs Creek and the Savannah River. Particles take approximately 28 years to enter the Lower Tertiary Zone
and 50 years to exit the modeled area. ‘

The downward movement of particles appears reasonable given the large head difference that exists
between the water-table aquifer and the Lower Tertiary Zone. Local gradients within the water-table are also
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present as evidenced by the varying water-levels with depth observed in clusters of wells, Other morce localized
models constructed in the General Separations Arcas support movement into the Lower Tertiary Zone.

Because the particle tracking is relatively sensitive to the location of the entry point to the Lower
Tertiary Zone, alternate locations of particle entry were analyzed. Particles were assumed to enter the Lower
Tertiary Zone along a semicircle 5000 ft downgradient of the center of thc NPR reference site. Figure 3.9 shows
the movement of particles resulting from this scenario. Particle migratioﬁ is basically the same in this case,
except they follow a wider band and exit the modeled area faster.

The sensitivity of particle migration to variations in the hydraulic conductivity was assessed in two
separate simulations. Because the combination of hydraulic conductivity and rcchargc is non-unique, it is possible
to generate identical head distributions by increasing or decreasing these two parameters by the same factor.
Using this methodology, particle migration was assessed for a 50% decrease in hydraulic conductivity (Figure
3.10) and a 2 fold increase in hydraulic conductivity. As expected, tne travel times are linear an inversely related
to hydraﬁlic conductivity. A 50% decrease in hydraulic conductivity doubles the transit time.

The particle tracking indicates that flow is slow in the water-table aquifer and relatively fast in the
Lower Tertiary Zone. Flow directions in the water-table are variable and highly dependent upon proximity to
surface features. Once water enters the Lower Tcniary‘ Zone, its destination becomes more predictable due to
the regional nature of the flow system. Because flow in the Lower Tertiary Zone is toward the west, the effect
of the fault is unimportant for this particular site (i.e., flow is away from the fault). The modeling suggests that
from a geohydrologic point of view, siting the NPR north of the Pen Branch Fault is desirable because it
minimizes the potential for downward migration of water ihrough fault related discontinuities into the Cretaceous
Age Aquifers. ' ;
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Figure 3.3. Drawdown (ft) in the Lower
Cretaceous Aquifer (Aquifer 1) as

a result of pumping 200 gpm at
the proposed NPR site.
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Figure 3.4. Drawdown (ft) in the Upper Cretaceous
Aguifer (Aquifer 2) as a result of
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Figure 3.6.
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APPENDIX A: DATA BASE OF WELLS USED IN THE NPR STUDY



267602 567202 01"802
0§°202 99502 06502
827802 1902 027202
g2 012 8z°802 0€°802
9y7212 287612 05°€12
2v-0z2 €97 612 o1-912
607022 9612 oL-si2
817812 8y°912 06" L2
267602 297202 07902
657602 167902 01°s02
94212 98" €12 097212
FrArAY: gz oLz 097602
rZAR VAL %5 141 067021
2871t 027241 09° 121
22 rrAR VA

9 861 99° 261 oL-Z61
0.°281 %0° 281 g2 18t
69°€02 £0° €02 0£°102
287561 067 96L 0g°261
£¢7502 657102 0L-%02
0v° 081 LM IAY 00°621
81" 912 957112 1} ad A
05961 587 €61 0g°€61
6L €61 8L 761 0g" €61
297202 1£°902 00902
05961 8L 961 0Y°¢6l
87181 €2°081 00°08!
267602 967802 067802
287661 91" 661 00" 961
687112 sz 0l2 06°602
9L7612 s%°812 00°212
28°56l 91°561 ot v6L
(ISK 33) (ISH 33) (ISH 332

UO13BA313 uo13leA3ll uoileAld )l
Jajem Jaldenp Jalem Jjajdenp Jolem JalJdenp
puodas ;g6  31S4id 286l U3Jnod 9861
(L 3ed)

| 9begd

027202
057502
057902
087802

gevie
0y°912
06°612
oL-slte
027902
06° %02
077 €lLe
687802
09701
0"l

067691

ot 96t
027181
0z 10e
0l°¢61
08°¢02.
0878.1
02 12
02 g6l
0g g6l
02°90¢
0%° 861
0g° 08l
0€7202 -
08 g6l
067602
0%°812
00°%61
(IsK 33)
uoileaslld .

p3tyl 986l

0£°902
09°¢0¢
08°%02
057502

06°S12
06°8L2
067912
087912
0%° %02
01°502
02-eie
00°80¢
087 Ll1
067141

027021

02726}
0z 18l
0£°202
067681
06" %02
057821
097112
0L°¢61
09°¢6l
0g°202
027061
06°8.1
0%°80¢
04" 761
09112
057612
05" %6!
(ISH 33)
uo13BAd13

puo33s 9861

027502
0£°¢02
¢ 097902
087602

08°S1e
0%°612
097212
oL-Zie
08°%02
027502
og-z1e
097202
09-14L
1138 Y23

09°0lt

06" 261
00 L8L
06" eud
09° %61
09°%02
06°8.1
09°L12
06°¢61
06°%61
067202
06°¢61
02°081
09°602
0g° 961
og-ele
06812
0g° %61
(ISK 33)
uoi1BAd]

J936M Ja3yJenp JalepN JajJenp JIlBpN J3lJend

“3sa14 9861

gp"s) 19MPOK)

0%°80¢
227502
$8°902
£2°802
297512
927812
glL-61e
9L°sie
607812
967912
gL-9ie
187202
$8°202
98" 712
15°01e
90711
127l
0%°041
257041
€912l
8L7¢61
%" 161
718l
9L-20e
65°¢61
92°§02
88°8.1
gereie
69°¢61
Y9°g61
26°902 -
-3 11
267621
6%°60¢
- 897961
967012
107612
68961

(ISW 33)

*A313 Jaiepn

abeJaAy

P:49 13POW ¥dN ULYILA S113M

ajqey Jaiem
3\1qel J3iem
2)1qe] -JIien
ajqe]l Jaiepn
3)|qe} J3iepm
3\qe) J3lepn
a1gej J3aiep
2)1qe] J431eM
2)1qel Jalem
2)1qe]l JalepM
3)jqel Ja1epM
a|qel J3iem
2)1qe] Jaiepn
ajqel t3iepm
a)qel J3ien

sasebuo)

aagebuo)-

aaJlebuo)
aasebuo)
2asebuo)
ajqel Jalem
ajqe} Jaiem
23Jebuol
a)gqel Jaiem

ajqel Jaiem -

3jqel Jaien
9aaebuo)
ajgel Jaiepm

a)qel J3ilem

ajqel JaieM
a)1qe] Jaien
a)1ge] Jaien

3asebuo)
ajqe} Jaep
I|qel Jaien
21qel Jaiep
9)gei J3len
31qel Jelem

Iun

11

8L-2°51¢
8°881-8°812
L AV 2108 AFA )

(ISW 337
uo13leAall

3uoZ P3udIIIS

9°Gcle6e
2768168
1728868
17 ges68
S 9LS2Y
§° 86927
€7 9LLeY
¥°9292%

6°€2.27

272292%
8 7192%
0°25%6%
y°8l66%
6722207
L76166%
0°LSE9S

1 %098S

1°589%9S
1726895
9°69¢4S
£°278¢S
2°082%S
2°022%S
9°2229S
6°6%8¢S
2770625
8796825
9764525
€°28S2S
8728685
G GY6ES
L7 216ES
9°%28¢S
6°81GES
6°199%S
9°0%9¢S
$°900%S
6°500%S

*pL003
6u13sel

L-952¢S
S 0Y%ES
998985
0°€S7€S
6°252¢S
676ELES
PRl L] 33
S°£S08S
8°102¢S
§°6528S
0°2918S
1°2082S
172081S
g8 01%2s
9°650¢S
6726514
€7 8¢9LL
°6%S1L
6°92sHL
9 22l
9716915
9°%492S
271492s
9718928
2794515
§°6%¢1S
2 468LS
2712825
9°92¢2S
§°6S8LS
0°2981S
£TEY6LS
2°6%61S
9796618
9°9591S
£ 18%1S
9°068LS
2°08¢ls

.u;oou
BULYIJON

FANMSTENMTINO NN S

V98
ves
V69

véel
85
€8
ve

891
sl
Vel
L
a7l
agl
113
j:r 4
vt

atl

13
0!
801

8
a3
:00]
-8 ]
v
Vi
VA
o) )]
o) ) ]
Vi
v
avi
v
avi
av
aSH
8SH
8SH
gSH
8SH
dWd
dW)
dWd
diWd
dW3
dWd
dW)
dW
dWl
dWd
dWl
dW)
dWd
dRW)
dWd
dWd
dWd
dhd

weN
11eM

68/20/1L



A AVAYS Gl 9le 0L7 ke 05°2ie
627212 057612 007212 172 R ¥4
0678t¢e 28751¢ 0g£°01¢ oLLtLe
6.7012 627212 09°1ie 0s°2te
Z21'8le 67212 gL cie 0seie
©og1sie 187912 irara¥a 06°21¢
FYAVAY y1°21¢ 06712 0L721e
827802 (1 agir4 097902 02°v0¢
67202 007502 057902 067502
197802 e 502 057902 00°502
%6802 997602 067902 0%°90¢
g.°81¢ 717212 007912 06°512
401 ¥4 097912 067912
107122 sLU9L2 0g°91e 057912
ol-éele 18 912 057912 08°91¢2
g2 i1e 967802 08°802 00°1te
¥9°90¢ 867502 027 %02 057602
867502 20°%02 02°%02 06°£0¢
0g°202 997502 02°50¢2 06°50¢2
657602 167902 067902 0%°402
067012 657602
267602 197802
06°0L2 657602
(IsW 33 (ISH 33) (ISKW 33D (IS 2D
Uo11EA313 Uo13BA313 uoileadll uo13leAd1l
J3lepM Jajlenp JIlep JajJsenp J91EM J3ayJenp JalepM JjajJen
puodas g6l 1sJid /86l  uyIJnod 986l PJLUL 9861

(1 34e4d)

2 9bed

0y 91¢
07" v1e
07212

0g°yie
oL-vie
067712
02 vLe

0%°s02
007502
0g° 502
£L°s02
06°91¢
067212
oL"8le
08°L1¢
og¢-ole
0g°5902
01°€0¢
‘08°902
00"€lLe

(sw 3
UOL1BAD

o Jaiep Ja1Jenp JIlem J33Jenp
puodas 9861

0y°§12
07§12
0g°L12

09°¢le
08°¢gle
02 71e
08°¢le

067502
0%°502
067502
027902
00°212
067212
00°812-
08°212
08" 112
02°902
06" %02
06°902
0%°802

$)
13

(IsW 33
uolleA3l3

1s4td 986l

62°¢gle 3)1qe] Jaien
65°¢l2 aiqel Jaen
287112 21qel J3iep
26°82¢ a)|qe} J3ien
11791 Jalebuo)
88" L1 uojuaNil
197402 ajqel J3ien
rJ A JAN aaJsebuo)
867691 uojul 3
997891 3934 19318
9% 661 ajqel JIiepn
007102 I3yues
€2 ¢t @9Jebuol -
62°€1 J3Jsebuo)
Y172l uojuaill
127024 uojuaill
957 ¢le 31qe] J3jep
gy ¢eLe d1qel J3iepn
96°¢L2 2)1qe] JIiepn
057 ¢l 3\|qge} JIlen
86765t ayqe} JIep
S9°091 21qel J3iem
167041 aijqel J3iep
£2°902 djge] JIeM
0Yy°902 ayqel J3ien
887902 3)jqel JaieM
217202 3jqel JIiep
8%°912 2)1qe] Jaiepn
107212 a)1qer J3aen
62°L12 aiqel Jaien
yetlie aiqe] Jaien
%8602 a\1qey Jaepn
857502 aiqel Jaien
£0°%0¢ 2)1qe]l Jajen
80°902 d1qel J3leR
%1°802 21qey JIiep
86°60¢ Jlgel Jajem
207602 3)1q8] JIjen
267602 diqey Jajepn
(ISH 332 wn
*A913 Jaien
afeJaAay

(P~ S112HPOK) -
PLig 12POW ¥dN ULYILM S113M

€7 961-¢7922
9°961-9°92¢
87661-875¢2¢
67961-6"712
(0"t 3-0°Y
(0°%91-07651)
FAR VAR ANT.1)
(g°6 -8°v )
(2-2st-2°29)
(6°212-6°212)
6°691-6°581
1706 -1°66
979 -9°It
(9°vg -0°62 )
(9786 -9°¢6 ?
(2291-2°261)
g-setL-gTste
1706t-2°02¢
v g6l-97¢22

1°16t-17122

£76gL-2765S1
9 471-2"%91
¥°2SL-S7L4LL

2°Y8L-%°602
G°281-5°¢802
g8°981-8°60¢
(I1SK 33)
UC1318A913
3U0Z P3UdILDS

2TgLLls
v E%0LS
2725608
6722225
§7692¢S
27992¢S
1°8296Y
§°5E96Y
9728967
S°0Y90S
1°2950S
0°6250S
9°56S0S
9°€090S
9°61905
0°8296CS
9702218
8-98Lls
2704218
8 8LELS
£76%20%
£°8870Y
2702207
2795268
£°6296¢
¥°£026%
8790868
£70652%
£TyL8ey
9°1892%
tAl YA A4
1°20£0Y
£76990%
S 8SL0Y
9°9866¢
| "2566¢%
178680%
%°1%20%
6762707

*pJoo)
furyse3

0°¢025%
8721€SY
2°8615Y
1°919s%
2700957
87 68SSY
6°019sY
0°L%95Y
8 9295Y
L° %9577
1°295%%
2°195%Y7
0°2957Y
9729577
§°29sYY
9°£9577
(R 124
6°102sY
Y°0EESY
8°8¢25Y%
92797997
6°£0897
6°85.LY
270%L%S
2°0%0%S
9° 22685
9°996YS
6°29£%5
4°8%2%S
9°£05Y%S
0°77S%S
9°£68%S
£°9295S
2799558
27 7%¢5S
€£°610ss
9°%618S
€7 20685
5°0S0%S

*pa003

BulyIJoN

el s
!—N'l\-—f-'—-wv—Nm\rv—Nm

1190

68/20/11



- 79z
617852
97652
957152
$97H0€
287692
§7192
827652
617981
867022
€7°612
617212
02°§12

.o

. 197802
657602
85°012
567202
rANE ¥4
627212
£57¢12
QIR EN

uoileasl3l

J31EM J91JEnp J91BM JalJenp JI1BR JalJeng Jalem JalJenp JI

puod3s /861

(1 1Jed)
¢ 3beq

607192
217682
01709¢
g571se

g 2ad
v2°022
877 91¢
0§°slie
997502
867602
297202

Vi aPA YA
8%7°912
28°6le

(ISW 33)
uo11eAd)l

1s413 /86l

007552
0470s2
097052
02°9%¢

0l°0te
02712
0%°402
067902
08" %02
0674702
027602
0l°%02
0L721e
08°2te
087202
(ISK 313)
UO13BA313

yidncj 986l

09°552 067952
oL 2se 067¢se
0y ise 027252
097972 0£°8%¢2
oL vie 08-¢gie
00°gie cotgie
067802 08°60¢
02°80¢ 08°80¢
09° %02 097502
02°s0¢
0g°902
06”902 087502
0s-¢gl2 06°2ie
oL gle 09°S1e
01°602 oL-tie
(ISH 33) (ISW 1)
uo13BA313 UOL1BA3}3

pJiyl 9861 puol3s 9861

06°952
067972
087652
0672172

067512
02"y
007112
01°012
0£°502
0£°502
057202
06°502
00°€12
0e-sie
087012

CISH 33)
uogieaal3

1eM J3ljJlenp J3jem Jajlenp

1sJiid 986l

(GpP~S) 13MPON)

£€719¢
627681
297691
977691
887691
%2 041
1276le
§37491
267021
6%°891
87041
e lll
ey Lt
927422
veTglLe
887941
26751
92°8L1
Y2 ise
6%7¢5¢
9% 9se
§5°8%7¢

g2 ¢l
6L°gle
877602
987802
227902
£6°902
£€5°20¢
£5°902
267912
17512
227602

(I1SH 33)

*A313 Jalep

ab6rJaAy

PL4D 13POW ¥dN ULYILM S112M

a3jues
Jagsebuo)
¥334) ¥oeig
¥2343 3oels
33343 ¥oeld
3 JOPUSPPLA
ajqej Jsiem
2alebuo)
aasebuo)
333437 1931§
}233J4) }Ie 18
%3343 yoel8
$JOPUSPP LN
2)ge} Jaiem
931/93ues
Jasebuc)
Uoua1 13
$JOPUSPP N
a)jqe) Jaiepn
?1qe] Jaen
3)1qel Jaiep
2jge]l JaleM
3U0Z PIYIJI4
ajqe} Jalem
ayqel JaieM
21qe] JaleM
JaJebuo)
21qe] JsieM
ajqel Jaien
2)qe] JajeM
a21qel JIlen
ai1qel Jaiepn
2)jqe}l JIlem
a)iqe] J3iepm
ajqel Jalem
ajge)] Jalem
a|qe] J33eM
ajqe] JIiep
2)1qel Jaiepn

tun

85 -8.

(gg -82 )
(061-08L)
(892-852)
(08€-04%)
(956-9£5)
902-922

99 -9.

L -ie
(202-261)
(19€-95¢)
(299-95%)
(8£9-419)
612-0%¢

£6 -201

8% -8S

(26 -28)
(955-79S)
6°2%2-6°292
9°822-9°85C
17982-1799¢
6°2£2-6°292
2°962-2°90¢%
2°952-2°942
¥°992-9799¢
v g92-9°89¢
gTEL-¢T e
§°962-679.2
s l61-5712e
9°961-979¢2¢
0°561-0°522
21°261-27222
g£eell-¢7802
y i6l-vlae
L798L-27912
8-s8l-8°Sle
S y8L-S°vle
0°581-0°612
€£°261-2"222

(ISH 33)
u0138A313
su0Z paudaJds

2705009
€7 1€009
0°849L%
9°699.%
9°099L%7
8°2694%
9°999L%
670897
L°8894%
S°€50LS
0°1421s
§°38260S
47 €980S
£7oglLs
¥°8071LS
172¢S1S
€T9LELS
0°6%009
0°1Y9¢g9
§°S9Le9
0°622¢9
21°250¢9
0°8£24S
0°%¢24S
0°2£%55
0°2228%
0°0%89S
0° 12898
0°£1S0S
1762208
S°%280S
6700408
17 7968%
1°2506%
9 9126Y
1°8216Y%

§70650S"

9°0£50S
1°9¢01S

*pJoo)
Buiisel

9 9LEss
1724%8SS
L8199
8750929
2726849
§7828.9
8°255.9
67825829
87265.9
8728197
671887
6°908LY
6°200L%
2708847
9°€62.9
2°¢20.Y
€76549Y
0°082sS
670425
2700257
G°68ESY7

- 8°6%¢SY

0°58809
0" 52809
0720129
0°690£9
0°£9129
0799129
9-12£5Y
1788557
0" 92257
L g5isYy
270998
9°££€8Y
672558
9°8958Y
§°9885Y
£°2909%
4" 18057

*pJoo)
BuiylJoN

86L-d
vél-d
aigi-d
Ji8t-d
g18l-d
vigl-d
agl-d
88l-d
vgi-d
gisi-d
3161-d
816l-d
visi-d
qsl-d
St-d
8sl-d
vGi-d
vol-d
% did
€ did
¢ did
Vi did
aay-2in
9-2LN
€-2LN
Z-2LW
Vi-2in
1-CLW
s
8s1
8s1
31
a3l
d¥1
dil
d¥
801
8a1
o

- oEcz-
119M

N NS NN

68/20/11



067881
857041
59781
glLUeee
|PAR VA
0g°0ge

(I1SW 13)
uo11eA313

(ISKH 33)
UO11BA3}3

(ISH 33)
uoL1eAd}3

(ISW 13)
uo13leA313

CISH 33)
UOL3IBA3)3

(ISH 33}
uoi13leas)3

J33lem JalJdenp Ja3leM JIlJEnp JaleM Ja3jJenp Jalem Jaldenp Jalem JdlJenp JIlem Jajdenp

puca3s’ /86l

(1 1ded)
] abegd

15414 /861

yainojg 986t

PJtyl 986t

puod3s 9861

Isil4 9861

(Qp~s12MpOK)

967221
99°LL
667201
027211
9L°9LL
62°592
207492
26°8.L
99°¢91
£17991
€°991
S2°0Z1
67121
217012
127961
79°¢81
967041
9L°921
887921
20°8ll
92 8Ll
087192
857862

(ISH 13)

"A213 Jajen

abedaay

PlJg 19PCW ¥dN ULYILM STI9K

9)1qe} Jaiep
23Jebuo)
d1qel JIlep
ajqel JIiep
39Je6U0)
ajqel Jaiepn
¥3343 19318
¥3343 ¥oelg
¥93J4) Xoe)g
333J] yoelg
JJOPUSPPLH
?jqel Jaiepm
33jues
33sebuo)
%3347 1931§
33343 ¥oejg
33343 ¥oelg
%3347 oeg
$JOPUSPPLH
ajqel Jaiepm
Jajues
a3yefuo)
uojusl i3
32343 18218
¥334) Roe1g
X3343 }oelg
J40pUapp LK
ajqey Jaien
ajqej Jalepm

tun

27ELL-27861
9°92- -9°9l-

2°y9i-27 98l

€°202-£°222
£796- -1°9%-
9-212-9°2¢2
(9LL-90L)
(9t2-902?
(962-982)
(919-90%)
(€95-£€S)
661-612
68L-9971

9l -%96
(syi-9€L)
(502-761)
(02£-60¢)
(599-95%)
(509-£89)
S02-52¢
00L-0tt

08 -06

(9 ~7¢ )
(ggL-82L?
(0%2-0£2)
(92¢-918)
(699-85Y)
282-2.2
SiL-Set

(ISK 33)
UCI3RAR)3
3UG7 PauUdsaIIS

0°5285Y
0°868SY
0°%68%Y
0°5829Y
G ESSSY
0°29SSY
0°900%9
2°0t079
STYL0Y9
S 8L0%9
67220%9

6780079

6°%0079
€£°000%9
L1144/
6°9522%
12522y
176522y
0°1922%
179722y
L9922y
671%22%
0°0%22%
8791009
2722009
%°62009
9° %2009
2787009
1795009

*plo03y
Bujise3

0°£929Y
01119y
0728097
0°S£6.5
0°5L05
0" %6695
2768901
9752902
8°0L%02
2796501
0728502
6°9.50,
2716802
6°5090L
1725525
2°8£52¢
£°£2525
£°8052S
9° €692
6716425
1°90525
9" 12525
8°5£52¢
L 2%€55
2°9255S
8°60£55S
6°5625S
6°10£5S
§° 1255

*p4003
ButylJoN

2-s8it
vi-sgil
L-s8tl
2-NgL1
ViI-N8L1
L-N8LL
314e-d
aize-d
J122-d
81l¢-4d
viie-d
Q/2-d
J2-d
§22-d
3162-d
arse-d
J182-d
816¢2-d
vise-d
ase-d
J62-d
86¢e-d
vse-d
Qa1él-d
J161-d
4161 -4
Vi6l-d
a6l -d
J6L-d
weN
118M

68720/t

I



(Z 13ed)
1 abed

(ISH 33)
uotieaal3

JaleN g/l

(ISK 33)
uoi1eAd)3

Jalem 9g/¢

(ISK 33)
uot3leAd )3

Jaien 5g/s

(ISK 33)
uolleAal3

JaleM 4g/6 J33BM JalJenp J3leM JajJend Jalem Jajuend JIJeM JIIJenpd JIjeM JIajlenp J3leM JtegJtenp

927202
297902
9¢°c0
08°202
297612
v1°812
817612
027912
507612
207212
597512
£9°202
0£°802
8¢°912
8s° 012
v2 0l
08°041
20°021
957691
8L L2t
557261
90° 264
60°081
80°102
£9°261
10" 102
89°921
ITMTY.
227561
62°261
20°902
€97 261
287 L0
227602
£2°261
17602
05°212
48261
CIsW 34)
UOI3BA3)3

yiJnod g6l

06202
297 %02
497502
917802

g vte
seUgle
82°912
92°sle
187202
lg°80¢e
S0°912
797012
277041
SLTLL
8¢°041
98°691
777 1L
26°¢61
SL°L61
257081
2esioe
467861
sei0e
£2°241
gi-eie
€2 ¢61
9%°e6L
80°902
097261
Y7641
627602
96" 261
96°602
¢s 812
02" %61
(ISK 34)
uo13eA3 |3

pJaiyl gesl

(ap-$113MpoN)}
P1J9 19pON HdN ULYIIA S11aM

St 602
Z2L°90e
11°202
8%°602

48712
e 9Lz
617612
09712
967602
£€2°012
£€2°212
26712
Y8701
99°LLL
647021
8¢° 021
92°2s1
9L 61
£e7261
Liisl
617202
12 961
2zrene
v8°8L1
89°2le
26°£61
26° 61
06°902
L6761
0t°08i
267602
9£" 961
8.°012
v9°612
687961
(ISH 33)
uotjeasiy

pUod2s g6l

89602
%9°902
6l l02
487602

19°%12
06791t
69°S1e
09°sie
287662
67012
0s°212
st-eie
[ 723
121l

977021

£77 961
947161
g2718l
§2 en2
407961
667202
£8°821
1 ¥4
S0° %61
617961
9%°40¢
9L 961
9¢°081
ss ole
19" %61
6e7112
9L 612
9 Y61

evececcrcnean

(ISKW 33)
uoileas)3

IsJid gBél

G2 ole
667202
927602
85°Gle

0676t
647212
18°912
18°9te
19°80¢2
19°802
0s°sie
g2 e
68041
287121

967041

s8° g6l
827261
£2°08t
§€7202
8L %61
69°¢02
£y 81
98 gl2
S8 g6l
S8 g6l
0g°202
S8 g6l
92°6L1
06°012
8L %61
9s°L1e
2y 022
06" 96!
(ISH 33)
UOL3BA2)3

YiJno4 286l

067012
82°802
6567602
68°L1le

87912
s%°8ie
997212
kARPAT4
gs ol
86012
67112
€57 ¢le
LA 7Y
£572LL

7N ¥4t

997261
90°i8l
027202
6L g6l
1979062
£2°081
£c7gle
25°¢61
057961
82°802
6L°g61
0%°08L
06°0L2
287661
87212
277 02¢
8L° %61
(IsKW 34)
uo11eAdll

P2yl 286l

8

923

i) |

g

VA

v

IV

VX

JvX

v

VA

avi

avi

8V

avi

aSH

8SH

4SH

aSH

8SH

dWd

88 dWd

V8 dWd

g dWd

891 dWJ

851 dWl

VGl dWD

71 dWd

91 dW)

8¢1 dWd

¢l dWd

821 dWo

V2l dW3

2l dWd

1L dWd

L. dWd

J0L dWd

80, dWd
ARUeN
119

NN TN T INON ™ NS

<
5
-]

ves
V69
vg9
vogl
a6

68/20/11



(44 498174 29°¢le 69°¢12 28°sle 05°st¢e £ 011

AR 1%4 0g°zle ti°912 607912 8%°91¢ St 9ie ¢ o
2L il 29°tie ggele 60°2te gL 9ie 98¢t 1 o0
2°1ee Jg M
077221 a8 #n
el il Vg M
027502 ) a2 nn
£87 921 8¢ Mil
L2 el veZ Al
e 121 all A
£9°661 31 A
907661 3L MV
Sy°621 ) al mvl
257621 JlL mvi
187621 gl &Vl
10" %L Vi MY1
687212 9t gie S6°¢le 82°¢12 S 912 28°s12 y V1
90°¢12 16712 16°¢12 967212 Sl 92 95212 £ v
l1eTeie eg gle %2 %2 (398174 8y°9L¢e st9te 2 M
89°¢id eergle 13: 2114 l2°g1e 28°ste 28°s12 [J) A
86°6S) ag sSX
597091 Gz €si
67041 al &sX
947502 2£°902 287902 2L %02 827802 G6°202 vy ESX
276802 S0°902 29°902 £6°902 567402 82°802 ¢ &SH
167502 89°902 22°80¢ 65°202 197802 967802 2 tsx
tL 902 847902 ££°202 £2°202 197862 76802 { SN
20°S1¢2 297812 LY 2174 Ly 912 99212 Sl 9l 9 ¥
00°912 ES AN 174 Y6791 027412 Y174 ¢ Jd¥d
29°612 80°912 91°942 €6°912 21°8te sy 8le 2 Jddd
827512 elsre 2¢°912 297012 S%°8l12 oL°61¢ L Jd¥d
057802 89°802 87802 s1°602 267602 067012 g M
£€°902 (YA [114 927902 297902 00°50¢2 99°S0¢2 Sl oaax
22°¢02 77202 2l°¢e0e 09°¢£02 20" %02 €£¢°602 VARRELD
52°%02 187502 9¢°602 1£°902 0g°20¢2 P L) ]
167902 497902 80°20¢ %2°202 82°80¢2 657602 i aEd
- ¥1°802 10°602 29°602 £1°602 06°012 687112 € 3o
1%°202 $0°802 84°802 00°602 26°602 067012 ¢ s
££°80¢ 60°60¢ 197602 08°60¢ 067012 957112 ([0}
(I1SW 33) (ISKW 33) 