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is 13.4 m (43.2 Jli;. .aaas 1.y, based on five nozrky d2hx moints, the
average thickness of 8.7 :ziiws SVuDl¥lig ¢ crounding unics is 16.9 m
(55.6 ft). Casing-depth data are available for only one well within the
preliminary candidate area indicating a sapi'olite thickness of 3.7 m

(12 ft). Well data were provided by the Bureau of Water Control
Management of the Virginia State Water Control Board (1982). The
location and distribution of areas where rocks crop out is presently

unknown; however, mappable exposures are expected to be extensive.
’ D

On the bvasis of the data provided above and the assumed depth and
size of & repository in crystalline rock (see Section 1.5), the host rock
within the preliminary candidate area has sufficient lateral extent and
is sufficiently thick to allow significant flexibility in selecting a
depth, configuration, and location for the underground facility to ensure

isolation.

3.2.3.3.2 Lithology and Tectonics. The preliminary candidate area
overlies the Sandy Creek granulite gneiss, Stage Road layered gneiss,
Moneta gneiss, Turkey Mountain suite, Horsepen Mcuntain suite, Ashe
Formation-gneiss (Lynchburg gneiss), and unnamed bodies of granulite,

gneiss and charnockite (Figure 3-127a).

Bartholomew (1981) described the Sandy Creek granulite as a medium-
to coarse-grained, layered quartzo-feldspathic gneiss with well developed
segregation and granoblastic texture. This unit is most likely
equivalent, in part, to what Hamilton (1964) mapped as Marshall gneiss,
which includes fine- to medium-grained sericite-quartz—feldspar gneiss,
amphibole-bearing gneiss, and actinolite schist. The Sandy Creek
granulite gneiss is intruded by small bodies of pegmatite and felsite
{(lamilton, 1964) and dikes of granite (Bartholomew, 1981}.

The 3tage Road layered gneiss is a well foliated, thickly layered

1:52% of coarse-grained augan gae’ _z and fine- to medium-grained biotite
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gneiss (Sinha and Bartholomew, 1984). This unit is cut by numerous small
intrusions of granite and dikes of metabasalt, diabase, and amphibolite
(Allen, 1963; Nelson, 1962).

The Mcneta gneiss consists of interlayered biotite gneiss and
hornblende gneiss with a migmatite facies (Brown, 1958; Conley, 1978;
Hamiltcon, 1964). The migmatite facies typically consists of interbeddad
hornblende gneiss and pegmatite (Brown, 1958). The gneiss is cut by
dikes of pegmatite and hornblende gneiss (Brown, 1958; Diggs, 1955).

The Turkey Mountain suite (Bartholomew and Lewis, 1984) consists of
charnockitic ferrodiorite and biotite augen gneiss (Herz and Force,
1984). The ferrodiorite has a coarse-grained, hypidiomorphic granular
texture which grades into the massive, porphyritic biotite augen gneiss
{(Herz and Force, 1984).

The Horsepen Mountain suite consists ¢f seversal varieties of
charnockite and norite (Bartholomew, 1981; Hamilton, 1964). These rocks
are fine to coarse grained, and massive to slightly foiiated, but locally
are mylonitic and well foliated (Bartholomew, 1981; Hamilton, 1964). The
suite contains abundant gneissic xenoliths (Bartholomew, 1981) and is cut

by basalt and diabase dikes (Hamilton, 19€4).

The Ashe Formation-gneiss consists of interlayered biotite-muscovite
gneiss, hornblende gneiss, and amphibolite (Brown, 1958; Conley, 1978)}.
It is tvpically strongly layered and foliated and contains large- and
small-scale folding (Brown, 1958; Conley, 1978; Rankin et al., 1273).

The crystalline rocks of the Lovingston massif originated as
sodimentary and volcanic rocks (Sianha and Bartholomew, 1982). During the
rrenville orogeny (cu'minating ebout 1,100 to 1,050 million years ago),
the rocks of the Lovingst.. massif were metamorphased to granulite-grade

and were probably intruded by anorthosite and charnockite. A period of
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uplift and erosion foilowed Criawit 'L nepzenv, oxpozing tne rocks of
the Lovingston anc Ped'ar massifs. The uy_.ifc and ecosion continued
during deposition of the Ashe Formation-gneiss (Lynchburg Formation).
From about 800 to 650 million years ago, granitic stocks of the Crossnore
plutonic-volcanic group (including the Suck Mountain pluton) intruded the
Lovingston massif (Bartholomew et al., 1981). During the Taconic orogeny
(about 450 million years ago), the Lovingston massif was subjected to
amphibolite facies metamorphism, but the effects of this event are not
discernible in the basement rocks and can only be seen in the cover rocks

including the Ashe Formation-gneiss {Bartholomew and Lewis, 1984).

During the Acadian orogeny about 400 to 350 million years ago,
ductile deformation occurred along the Rockfish Valley fault during
greenschist-grade metamcrphism and juxtaposed the Lovingston Massif over
the Pedlar massif (Bartholomew et ai., 1981). Fault systems
characterized by brittle deformation formed during the Late Palecozoic

Alleghenian event.

The Lovingston massif and adjacent Ashe Formation-gneiss are located
in the Blue Ridge anticlinorium (Conley, 1978). The rocks within the
preliminary candidate area have undergone multiple episodes of folding
and are juxtaposed in a steeply inclined, near-parallel arrangement
(Figure 3-127b) (Hamilton, 1964). The Ashe Formation-gneiss is tightly
infolded into the Moneta gneiss, forming detached antiformal structures
(Brown, 1958; Cenley, 1978).

Although no faults have been identified within the preliminary
candidate area, there are at least two fault systems and four faults
within 10 km (6 mi) of the preliminary candidate area (Figure 3-127a).
There include the Rockfish Valley fault and the Peaks of Otter fault to
the northwest of the preliminary candlilet2 area, two unnamed faults north
of the preliminary canfidate erea (Calver, 1963), and a system of faults

»xgociated with the James River synclinorium to the east.
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The ROCKS:isn v3i-sy . - icceted approximetely 5 km (3 mi) from the
preliminary candidate “7ia =. itz nearss. .oi.lie, 1x & “ole Of Paleozoic
ductile deformation (Sinha and Bartholomew, 1984). t is topographically
expressed by a linear, 1.6- to 4.8-km (i- *0 3-mi) wide valley
(Bartholomew, 198i). The Rockfish Valley fault separates the Lovingston
and Pedlar massifs {Sinha and Bartholomew, 1984) and has been interpreted
to be a thrust fault (Harris et al., 1982) that truncates the rocks at a
depth of about 3 to 4 km (1.8 to 2.4 mi) below the land surface. The
Lovingston massif was traneported northwestward along the Rockfish Vzlley
fault over parautochthonous granuiite basement gneisses of the Pedlar

massif (Bartholomew et al., 1981).

The Peaks of Ctter fault approximately 5 km (3 mi) west of the
preliminary candidate area is marked by a fine-grained schistose zone
that is 35 to 762 m (114 to 2,500 ft) wide. Much of the rock in the
fault zone has been mylonitized. Hamilton (1964) noted that mineral
lineations on foliation surfaces indicate that movement on the faults is
mainly dip-slip and suggested that the Peaks of Otter fault may be a
minor reverse fault within the Blue Ridge overthrust block (Pedlar
massif). There are no descriptions available in the literature of the

two faults to the north of preliminary candidate area.

The fault systam associated with the James River synclinorium, occurs
approximately 8 km (5 mi) east of the preliminary candidate area. These
northeast-trending, predominantly high-angle thrust faults are thought to

be younger than Paleozoic (Brown, 1958).

Estimates of regional uplift and subsidence are discussed in detail
in Section 3.2.3.1.1.3. Regional 4ata indicate recent uplift has
ozcurred but there is a wide range of interpretations on the magnitudes
of uplift. No data are available for the preliminary candidate area;
therefore, until data are obtaired, no conclusicns can be drawn
concerning effects o1 uplifi There are no in-situ stress data available

for the vicinity of the vreliminary candidate ares.



There is no evidan-- -+; cnary igneous activity, folding,
faulting or subsidence Wi’ Lhs gaolosic settiuz. Reg ulasl uplift
data suggest the possiiiiity of active cuctcnic piccess, howsver, there
appears to be no significant potential for tectonic deformations that

could affect the regional ground-water fiow system.

3.2.3.3.3 Seismicity. One earthquake epicenter with an intensity of
MM IV (Bollinger, 1975; Seay, 197%) is located within 3 km (2 mi) of the
preliminary candidate area (Figure 3-122). Two other seismic events of
MM III are located in or rnear the praliminary candidate srea: one
cccurred in the gouth central section of the preliminary candidate area
and the other occurred approximately 12 km (7.4 mi) northeast of the
preliminary candidate area (see Figure 3-118 in Section 3.2.3.1.1.3).
The prelimingry candidate area is located within a region of moderate
seismic activity (see Figure 3-119). The largest historical earthquake
associated with this zone is a MM VIII, which occurred on May 31, 1897 in
Giles County, Virginia, approximately 100 km (60 mi) west-southwest of

the preliminary candidate area.

The major faults near the preliminary candidate area are discussed in
Section 3.2.3.1.1.3. There does not appear to be any strong correlation
between the observed seismicity and known faults in the vicinity (less

than 10 km [6 mi]) of the preliminary candidate area.

Although the level of seismic activity in the region is moderate, it
is unlikely that future seismic activity would produce ground motion in
excess of reasonable design limits or could affect waste containment or
isolation, and it is unlikely that the frequency of occurrence of

earthquakes in the area will increase in the future.

3.2.3.3.4 Mineral Resources. There are nine mines within 10 km

(¢ mi) of the preliminary candidate n~res from which strategic, metallic,
of energy-related res~irces were formerly extracted (Figure 3-130;

zable 3-14). In addition, s5ix mines located more than 10 km (6 mi) from
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Table 3-14. Mineral Resources Near Preliminary Candidate

Area SE-2
Map Number
(Figure 3-130) Name Commodity Status
i Neighbors Mine Manganese Inactive
2 Dodson Iron Mine Iron Unknown
3 Bell Mine Manganese Inactive
* Maddox Mine Manganese Inactive
4 McGehee/Arthur Mine Manganese Inactive
5 Unnamed Iron Inactive
6 Mortimer Mine Iiron, Manganese Inactive
* Ward Mine Manganese Inactive
7 Pribbtle Mine Manganese Inactive
8 Phillips Mine Manganese Inactive
9 Carter Prospect Manganese Inactive
10 Russell Den Hollow Mine Manganese Inactive
* Saunders Mine Manganese Inactive
* Teates Mine Manganese Inactive
* . Wood Mine Manganese Inactive
11 Tardy and Frazier Mine Manganese Inasctive
* Theresa Mine Manganese Inactive
* Will F. Tweedy Prospect Manganese Inactive
12 Gratsy Mine Manganese Inactive
13 Bishop Mine Manganese, Copper, Inactive
Sulfur
14 Lucas Mine Manganese Inactive
15 Overstrest Mine Iron, Mica Inactive

Source: Espens..de, 1%5&; Brown, 1958; :.S. Buregau of Mines,
1983.

* Not shown on map, located off map.
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the preliminary cardidate area are shown on Figure 3-130 and listed in
Table 3-14. None of these mines are located within the boundaries of the
preliminary candidate area. The COverstreet mine, located approximately
0.5 km (0.3 mi) south of the prelimirnary candidate area, is a small,
inactive iron mine (U.S. Bureau of Mines, 1983). The remaining 14 mines
are located approximately 10 km (6 mi) from the preliminary candidate
area, in the James River-Roanoke River manganese district. The deposits,
from which manganese and by product iron were mined, are lcocated entirely
within the Mt. Athos Formation (Brown, 1958; Espenshade, 1954), and no
evidence suggests that manganese could occur in the lithologicaily
distinet Lovingston massif. Therefcre, the potential for development of
any metallic, strategic, or energy-related resource within the

preliminary candidate area is considered very low.

Based on the data presented in this section, there are no known
strategic, metallic, or energy-related mineral resources within the
preliminary candidate area. There is no evidence for mining to a depth

sufficient to affect waste isolation and no information is available to

‘indicate that deep drillholes (greater than 100 m [228 ft] in depth) are

present in the preliminary candidate area.

3.2.3.3.5 Topography and Surface-Water Characteristics. The

preliminary candidate area is characterized by moderate to highly
dissected, relatively flat uplands. In the extreme northern section, No
Business Mountain and adjacent high hills, ranging in elevation from 244
to 817 m (800 to 2,680 ft), form local areas of high relief (up to 512 m
[1,680 ft]). These areas constitute approximately 5% of the preliminary
candidate area (USGS, 1965a; 1965b). Local relief over the remaining 35%
nf the preliminary candidate aresa is no more than 84 m (270 ft) (USGS,
!865¢c; 1966a; 1967a; 1267b; 1967c; Llwovse). Floodplains are narrow (less
“han 31 m {100 ftj) «long the majority of stream corridors, but are
rmoderately wide (up to 1"% = [500 ft]) along Big Otter and Little Otter

rivers.

.,



The surface-water sys. Salidn Yt wrelimpinary ofapelGate ares is
characterized by & dendritic drainage pa:tzrn dominated by che Big Otter
and Little Otter Rivers and their tributaries over most of the
preliminary candidate area and by Goose Crcek and its tributaries in the
southernmost part of the preliminary candidate area (Figure 3-131). The
Big Otter River generally flows south-southeast and drains into the
Roanoke River about 16 km (10 mi) southwest of the preliminary candidate
area. Goose Creek flows southeast into the Roanoke River, about 11 km
(6.6 mi) southwest of the preliminary candidate area. There are no large
lakes or reservoirs within or immediately adjacent (within 10 km [6 mil)
to the preliminary candidate area, although numerous small (less than
4 ha [10 ac]l) impoundments occur throughout the preliminary candidate

area.

Local relief of no more than 84 m (270 ft) over 85% of the
preliminary candidate area, narrow floodplains, and lack of any large
lakes, reservoirs, swamps, bogs, or wetlands indicate that the
preliminary candidate area is well drained. Consequently, there is an
overall low floeding potential. A slightly higher flooding potential
exists along the Big Otter aand Little Otter River corrido;s, but these

constitute less than 1% of the total preliminary candidate area.

3.2.3.3.6 Ground-Water Resources. Regional ground water data are

discussed in Section 3.2.3.1.1.5. Available data in the preliminary

candidate area do not allow a differentiation between producing wells in
saprolite and crystalline bedrock wells nor are water level contour maps
available for the preliminary candidate area. Well data were provided by
the Bureau of Water Control Management of the Virginia State Water
Control Board. Water well data in the vicinity of the preliminary
cundidate area are reported by county and is expressed in terms of well
i'lelds. Figure 3-132 presents the aveilsble well-yield data in the
vicinity of the pr=li~inary candidate area. Six wells located within the
Lovingston Massif average i.21 L/s (1%.17 gpm). Of these, three yield
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lags than 1.26 L/g ;" .. ~:reze yield from 1.26 to 2.84 L/

(20 to 45 gpm). Only one wWe:. :.tr: z 5:. " of .3 1/e {& gpm) is located
within the preliminary candidate area. 3ix wells lccated within
surrounding units average 1.54 i/s (24.33 gpm;. Of these, four yield
less than 1.26 L/s (20 gpm), and the remaining two yield from 1.26 to
4.73 L/s (20 to 75 gom).

The well yield information indicates the presence of potable ground
water in the vicinity of the preliminary candidate area. The yields are
generally very low, less than 1.55 L/s (25 gpm) with a few wells yielding
up to 4.73 L/s (75 gpm). There ara no data to suggest that ground-water
conditions in the preliminary candidate area differ significantly from
the surrounding area. Specific relationships between lithology,
structure, and well yields are not currently available. There are no
data on the deep ground-water system within the preliminary candidate

aresa.

3.2.3.3.7 Quaternary Climate. A discussion of Quaternary climatic

conditions, including paleoclimatic conditions, vertical crustal movement

and changes in sea level, is in Section 3.2.3.1.1.1.

3.2.3.3.8 Federal Lands. There are no Federal lands located within
the preliminary candidate area. The Thunder Ridge Wilderness Area and
the closest portion of the Blue Ridge Parkway are both located 10 km
(6 mi) to the northwest of the preliminary candidate area. The Jefferson
National Forest lies & km (2.5 mi) to the northwest of the preliminary
candidate area. All these features are greater than 130 ha (320 ac) in
size and are depicted on Plate 24 of the Southeastern RECR or are listed
in Appendix A of that report (DOE, 1985h) (see also Figure 3-133). 1in
addition, there is nc evidence in the data base that Federal lands less
tha: 130 ha (320 ac) in size are located in or within 10 km {6 mi) of the

pre Uiminery candidate area.



s
¢
¥
m.
Vi
PRTINOE. T
m&. :
i
P Lk
(3
!
i
e
Teas h
Ay
"
Yy
. \.~
Voo a8
Y
y
s
LRy
JiA-(-».
r:A-.-
g aivie ot
4 .
i 2
w i
)
3
*
h»s
3
}
vf .
"t
Ny
s,
" . .....
e rJ
o .
Lt . <
g
. o ~
TR Iy
" N
T
B

Environmental Features
Lovingston Massif (SE-2)

3-522

Figure 3-133 Sheet 1

L



I

Envircansaicntal Feu.ares Legend

PR — Preliminary Candicate Area
Environmental Features

P Highly Populated Areas and Areas with Density
Greater Than 1000 Persons per Square Mile

F Federal Lands Greater Than 320 Acres

S State Lands Greater Than 320 Acres

i Federal Indian Reservations

® federal or State Lands Less Than 320 Acres

F-5 Map Alpha-riumeric Codes are Keyed to
Environmental Features

Rock Bodies

Beyond Ten Miles from Preliminary Candidate Area

e ——— State Boundary
J—— County Lines
Scale 1:500,000
0 miles 2¢
L 1 4
L 1
0 kilometers 2
Figure 3—133 Sheet 2
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Code

Population Fsatures

Federal Lands

State Lands

s-1
S-2

Indian Reservations

None

e
J;

AT ES WITHIN 16 KM (10 1)

23V TANDIVATE AREAR SE-2%

Faatkure

Madison Heights Highly Populated Area
(HPA)

Lynchburg Minor Civil Division (MCD)

Tomahawk MCD

Bedford HPA

Timberlake HPA

Altavista HPA

Jefferson Naticnal Forest

James R. Face Wilderness

Appalachian Trail

Blue Ridge Parkway

Thunder Ridge Wilderness

Booker T. Washington National Monument

Smith Mountain Lake State Park
Smith Mountain Wildlife Management Area

* ‘fhe accompanying te+t identifies only those environmenta: features
within 10 km (6 mi) of the pr ~i’minary candidate area.

-

Tigure 3-133, Sheet 3
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3.2.3.3.9 stste Lugos. No State land: lie within the boundary of
the preliminary candidate area. Smith Mountain Lake State Park lies
approximately 10 km (6 mi) south cf the preliminary candidate area. This
feature is greater than 130 ha (320 ac) in size and ie depicted on Plate
34 of the Southeastern RECR (DOE, 1985h) (see also Figure 3-133). In
addition, there is nc evidence in the data base that State lands less
than 130 ha (320 ac) in size are located in or within 10 km (6 mi) of the

preliminary candidate area.

3.2.3.3.10 Environmental Compliance. No portion of the preliminary

candidate area lies within current air quality nonattainment areas. The
closest Prevention of Significant Deterioration (PSD) Class I Area is the
James River Face National Wilderness Arza which lies approximately 11 km
(7 mi) to the north of the preliminary candidate area (42 FR 57460,
1977). Two sites on the National Register of Historic Places (NRHP) are
located within the preliminary candidate area boundary. These sites are
Elk Hill near Forest and 014 Rectory near Perrowville (44 FR 7613,

1979). ©No proposed NRHP sites exist within the preliminary candidate
area. In the regional data bace there are no known existing
archaeological sites or districts or any any proposed for designation
within the preliminary candidate area. No National Trails are located
within the preliminary candidate area. The Appalachian Trail is 10 km

{6 mi) to the northwest of the preliminary candidate area boundary at its
closest approach (Alexandria Drafting Ccmpany, 1981).

3.2.3.3.11 Population Density and Distribution. The preliminary

candidate area containsg one highly populated area (Bedford) which has a
population of 5,991. There are three other highly populated areas within
16 ¥m (10 mi) of the preliminary candidate area (Altavista, Madison
Helghts, Timberlake). Altavista is lrocated 11 km (7 mi) scutheast of the
preliminary candidate mrea and has a population of 3,849. kadison
raights, with a population of 14,146, and Timberlake, with a population

of 2,697, are located 14 i~ {9 mi) znd 4.8 xm (3 mi) east of the
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preliminary candidate orez, - 2gpactivery _coo Jigure 3 133). The
preliminary candidate area contains no aress with population densities
greater than or equal to 1,000 persons per sgiare mile. There are two
areas with population densitiee greater than or equal to 1,000 persons
per square mile (Lynchburg and Tomahawk) within 16 km (10 mi) of the
preliminary candidate area {see Figure 3-i33). Tomahawk, with a
population of 4,204, is located 3.2 km (2 mi) east of the preliminary
candidate area. Lynchburg, which is located 3.2 km (2 mi) east-northeast
of the preliminary candidate area, has a population of 66,743. The
average population density of the preiliminary candidate area is
approximately 50 persons per sguare mile. The average population density
within 80 km (50 mi) of the preliminary candidate area is approximately
84 persons per square mile. Low population density is defined as a
density in the general region of the site less than the average
population density for the conterminous United Staters (76 persons per

square mile) based on the 1980 census.

3.2.3.3.12 Site Ownership. There are no Federal or DOE-owned lands
located within the preliminary candidate area. The Cherokee Indian
Reservation is 370 km (230 mi) southwest of the preliminary candidate

area (see Plate SE-1A).

3.2.3.3.13 o0ffsite Instailations. No commercial nuclear reactcrs

are located within the preliminary candidate area. The nearest operating
commercial nuclear reactor is North Anna, which is approximately 140 km
(85 mi) to the northeast (Dames & Moore, 1972). The nearest commercial
nuclear reactor under construction is the Shearon Harris Nuclear Plant
which is approximately 265 km {165 mi) to the southwest (Wamsley, 1285).
There are no other known nuclear installations or operations that must be
ccngidered under the requirements of 40 CFR 191, Subpart A, within or in

ptiximity to the preliminary candidate area.

_



3.2.3.3.14 Transporiat. Fhe nesesiil interztate hi_uwey is T2l
which is located approximately zé Xxm (15 a.: norihwest of the rroliminary
candidate area on the west side of the Blue Ridge Mountains. I581 in
Roanoke is about 24 km (15 mi) west cf the preliminary candidate area.
I64 is about 80 km (50 mi) to the northeast. Both U.S. 221 and 460 pass
through the middle of the preliminary candidate area. U.S. 460 is a
four-lane, divided highway between Roanoke and Lynchburg, Virginia.
U.S. 501 is located northeast of the preliminary candidate area. U.S.
501 passes through the James River gap in the Blue Ridge Mountains.
State Route 24 runs across the extreme southern edge of the preliminary
candidate area rcughly paralleling U.S. 460. State Route 122 (not shown
on the plot) is the only other State highway which crosses the area.
State Route 122 begins at U.S. 501 near the Blue Ridge Parkway and runs
along the western edge of the prelimirary candidate area. State Route

122 also intersects U.S. 221 and U.S. 460 at Bedford.

A Norfolk and Western mainline railroad crosses through the center of
this preliminary candidate area. The Norfolk and Western also has
another mainline about 3.2 km (2 mi) south of the preliminary candidate
area. The Chesapeake and Ohio has a mainline that travels through the
James River valley about 3.2 km (2 mi) to the north of the preliminary
candidate area. The Southern Railway's mainline between
Washington, D.C., and Atlanta is located about 8 km (5 mi) east of the
preliminary candidate area. There are no branchlines in the immediate

vicinity of the preliminary candidate area.
Based on the data presented above, access tc the preliminary
candidate area from both local and regional highway and railway systems

appears to be available.

3.2.3.3.15 Preliminary Candidate Area Deferral Analysis. This

sectjon identifiss significant additional information (speciried in

Seztion 3.2) not directly incsopo.ared into Steps 1 through 3 on
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preliminary candidat2 area SE-2 that cou!d affect DOE's decision to defer
further considerations of the area. Based on evaluation of this
additional avsilable infcermation, the area exhibits the following

favorable characteristiecs:

e presence of host rock with sufficient thickness and lateral
extent to allow significant flexibility in selecting the
depth, configuration, and location of the underground
facility to ensure isolation [960.4-2-3(b)(1),
960.5-2-9(b) (1), 960.5-2-2(¢c)(1)]

e presence of host rock that permits emplacement of waste at
least 300 m (1,000 £t) below ground surface [960.4-2-5(b)(1)]

e low potential for tectonic deformations suggests that the
regional ground-water flow zystems should not be
significantly affected [960.4-2-7(c)(6)]

e absence of active fsulting within the geologic setting
[960.5-2-11(c) (1)}

e absence of historical earthquakes of a magnitude and
intensity that, if they recurred, could affect waste
containment or isolation [960.4-2-7(c)(2)]

e no indications, based on correlations of earthquakes with
tectonic processes and features, that the frequency of
earthquake occurrence within the geologic setting may
increase [960.4-2-7(¢c)(3)]

e the frequency of occurrence or magnitude of earthquakes
within the geologic setting are no higher than within the
region [960.8-2-7(c)(4)]

e absence of historicsl earthquakes that, if they recurred,
could produce ground motion in excess of reasonable design
limits [960.5-2-11(2)/z;}
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absence of ev. s, Dmert . enrmeizticns o. earthquakes
with tecreonic processes ani fastures within the geologic
setting, that the magnitude of carthquakes during repository
construction, operation, and closure may be larger than
predicted from historical seismicity [960.5-2-11(c)(3)]

nc evidence of subsurface mining or extraction for resources
that could affect waste containment or isolation
[960.4-2-8-1(c)(2)]

no evidence of drilling to a depth sufficient to affect waste
containment or isolation [960.4-2-8-1(c)(3}]

no evidence of significant concentrations of any naturally
occurring material that is not widely available from other
sources [960.4-2-8-1(c)(4)]

presence of generzlly flat terrain [960.5-2-8(b)(1)]
presence of generally well-drained terrain [960.5-2-8(b)(2)]
general absence of surface characteristics or surface-water
systems that could lead to flooding [960.5-2-8(c),
960.5-2-10(b)(2)1]

located within a geologic setting in which climatic changes
have had little effect on the hydrologic system throughout
the Quaternary Period [960.4-2-4(b){(2)1]

absence of Federal lands less than 130 ha (320 ac) within and
in proximity to (i.e., within 10 km [6 mi] of) the
preliminary candidate area [960.5-2-5(c)(3)]

absence of State lands less than 130 ha (320 ac) within and
in proximity to (i.e., within 10 km [6 mi] of) the
preliminary candidate area [$30.5-2-5(c)(4)]

low population density within its boundaries [960.5-2-1(b)(1}]
absence of nuclear installations [960.5-2-4(b) and (c)(2)i
no projected land ownership conflicts that cannot be
successfully resolved trrovsh voluntary purchase-sell
agreement= nondisputed agency-to-agency transfer of title,
or Federal condemnation proceedings [960.4-2-8-2(c),
960.5-2-2(e),
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favorable characteristics have been identified in the area.

syatial Loz . 10 whe natlonal tranzportaiion system
through reelzn: highwave . | i iroads cni throughk local
highways and railroads [960G.%--2-7(b)(2), 960.5-2-7(b)(3)].

The preliminary candidate area alsc exhibits the following
characteristics which could detract from repository siting and

performance in the absence of further evaluation:

evidence of active tectonic uplift [960.4-2-7(ec)(1)}
presence of shallow ground-water resources that could be
economically extractable in the foreseeable future

[960.4-2-8-1(c)(1)(1)]

a majority of the preliminary candidate area is within 16 knm

(10 mi) of highly populated areas or areas containing more

than 1,000 persons per square mile [960.5-2-1(c)(2)}.

The results indicate that there zare no significant adverse features
identified to date that would preclude DOE from conducting further study

of this area as a candidate for repository siting. In addition, many

on balance, there is no basgsis for deferral of preliminary candidate area

SE-2 at this time.
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3.2.3.4 Preliminary Candiac Jie~ Dr, viebioe o Viegliiua Gneigs (SE-3)

Preliminary czndidate area SE-3 is located within the Piedmont
physiographic province of gouth central Virginia in Pittsylvania and
Halifax Countiesg, at approximateliy 36°45' N latitude, 79°00' W longitude
(Figure 3-134a).

3.2.3.4.1 Host Rock Geometry and Overburden Thicknegs. The

preliminary candidate area has an arsa of 798 km2 {307 miz); with a
length of 47.5 km (29.4 mi), a width of 22.8 km (14.2 mi), and overlies
the Virgilina gneiss (Figure 3-134a).

The Virgilina gneiss consists predominantly of an interbedded
sequence of paragneisses and & stock of granitic gneiss (Figure 3-134bh).
There are no direct data concerning the depth of these units, although
they are usually shown as persisting with depth in cross section (Calver,
1963; Carpenter, 1982; K%eisa, 1980; McDaniel, 1280; Price et al., 1980a,
1980b; Wilson and Carpenter, 1981). Tobisch (1972), for example, extends
these units approximately 2 km (1.2 mi) beneath the land surface without
showing any other lithologies Jdeeper in the section (Figure 3-134b).

Available water well casing depth data in the vicinity of the
preliminary candidate area are given in Figure 3-135. No casing-depth
data are available for wells within ithe preliminary candidate area.
However, based on five data points within the Virgilina gneiss, the
average thickness of saprolite is 13.4 m (42.8 ft). Based on eight
nearby data points, the average thickness of saprolite overlying
surrounding units is 13.1 m (43 ft). Well data were provided by the
Bursau of Water Control Management of the Virginia State Water Control
Board (1982). The location and distribution of areas of rock exposure
ar: presently unknown; however, mappruit axposures are expected to be

fairly extensive.
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Oon the basis of the crr. pravwwnisd abeve znd the azsumed depth and
sige of a reposilcruy . ~%o3ro rock (see Section 1.5), the host rock
underlying the preiimina., .~Z)istr m-ea i sufficlzniiy chick und
laterally extensive teo silow significunt Flexibiiity in selecting the
depth, configuration, and location of the underground faci:lity to ensure

isolation.

3.2.3.4.2 Lithology and Tectonics. The Virgilina gneiss consists of
volcanic and sedimentary rocks that have been metamorphosed &t lower
greenschist to amphibolite grade rocks (Henika and Thayer, 1977).
Tobisch (3i972) places a kyanite-siliimanite isograd immediately scutheast
of the preliminary candidste areas, with sillimanite-grade rocks on the
southeast side of the isograd. However, the specific metamorphic grades
throughout the preliminary candidate areas are unknown. There are at
least five major gneissic rock units that have been mapped within the
preliminary candidate area (Figure 2-134a). These include the Shelton
Formation, granitic gneiss with local occurrences of mafic and calcareous
gneiss, granitic gneiss and mica schist, interlayered granitic gneiss and
hornblende-plagioclase gneiss, and hornblende gabbre and gneiss, (Calver,
1963; Henika and Thayer, 1977; Tobisch, 1972).

The Shelton Formation cunsists of medium- to coarse-grained,
homogeneous, strongly foliated and lineated gneiss that is typicaliy
granitic in composition {Henika ané Thayer, 1977; Tobisch, 1972). 1t is
cut by mafic dikes and quartz veins (Henika, 1980).

The granitic gneiss and mica schist unit consists of interlayered
granitic gneiss, mafic and felsic metavolcanic rocks, and mica schist
{Tobisch, 1972; Henika and Thayer, 1977). The unit may include slaty
lithofacies depending on metamorphic grade (Henika and Thayer, 1977).
Schist gaenerally occurs in layers thai are less than 3.3 m (10 ft) thick,
s.lthough some layers 66 m (200 ft) thick have been reported (Tobisch,
1972). Thin layers of Quartzite ozcur lacally and are associasted with
relitic rock (Tobiz~*, 1972). Tourmaline occurs locally in the schist

and quartzite (Tobisch, 1%72).
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The granitie, a7 ~» lozreours gneiss unit consistsz of fine- to
medium-grained, massivis zy» pd, Frliated gianitic _nelss and felsic
metatuff (Tobisch, iv72; Heniks and Tasver, 1977). The unlit may include
slaty and schistose lithofacies dependent on metamorphic grade (Henika
and Thayer, 1977). Locally, the gneiss contains interlayered,
medium-grained, layered hornblende-plagioclase gneiss and rarely

calcareous gneiss {(Tobisch, 1972).

The granitic and hornblende-plagioclase gneiss unit consists of
medium-grained, massive to layered granitic gneiss that is interlayered
with fine- to coarse-grained hornblende-plagioclase gneiss (Tobisch,
1972). Locally, medium-grained, layered calcareocus gneiss is present
(Tobisch and Glover, 1969).

The hornblende gabbro and gneiss unit ocecurs in the northern part of
the preliminary candidate area. These rocks include talc, amphibole-
chlorite schist, amphibolite, chloritic diorite, and hornblende diorite
(Calver, 1963).

During the Taconic orogeny, the gneisses underwent two episodes of
folding. Near the end of the secord folding episode, the protolith of
the Shelton Formation intruded the gneisses, spreading into the cores of
preexisting folds. Two subsequent episodes of folding affected all the
rocks. Although the latter two episodes have not been dated, they
probably reflect the regional metamorphic and deformational events that
occurred during the Acadian (400 to 350 million years ago) and
Alleghenian orogenies (330 to 270 million years ago). Deformatior during
the Alleghenian orogeny was partially brittle in nature, producing faults
and fractures (Henika, 1980).

The Virgilina gneiss has been subjected to multiple deformation
events. The major structural features within the southwestern section of
the preliminary candidate area are a series of refolded, synformal, and

antiformal structures ovartu..od to the southeast (Tobisch, 1972).
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There are two ma’:l i8u.c 3ystems w»i.aap 12 m (6.2 mi) nf the
preliminary candidate area (Figure 3-134a) corresponding, in part, to the
eastern and western boundaries of the Virgilina gneiss. The Chathanm
fault system is located about 5 km {3 mi) west of the boundary of the
preliminary candidate area. It is a normal fault that bounds Triassic
sedimentary rocks and adjacent gneisses and schists. The fault is
expressed by numerous fractures and shears, and broad bands of
cataclastic rocks (Henika and Thayer, 1977). The most recent movement
along this fault is estimated to have occurred during early Jurassic
{Henika and Thayer, 1977). The fault located on the eastern boundary of
the Virgiline gneiss (Calver, 1963) has not bezn described in the
literature. About eight short faults are located to the north of and at
an oblique angle to the trend of the Chatham fault. These faults are
approximately 10 km (6 mi} from the preliminary candidate area.

Estimates of regional uplift and subsidence are discussed in detail
in Section 3.2.3.1.1.3. Regional data indicate recent uplift has
occurred but there is a wide range of interpretations on the magnitudes
of uplift. No data are available for the preliminary candidate area;
therefore, until data are obtained; no conclusion can be drawn concerning
affects of uplift. There are no in gitu stress data available for the

vicinity of the preliminary candidate area.

There is no svidence of quaternary igneous activity, folding,
faulting, or subsidence within the geologic setting. Regicnal uplift
data suggest the possibility of active tectonic process, however, there
appears to be no significant potential for tectonic deformations that

could affect the regional ground-water flow system.

3.2.3.4.3 seismicity. One earthquake epicenter with an intensity of
b IV (Bollinger, 1975; Seay, 1973; Reagor et al., 1980%5; Stover et al.,
1984) is located withisz 16 k= 7" %i) of the preliminary candidate area
Figure 3-136. One other seismic event of MM III (?) (Stover et al.,
1984) is located about 10 km (6 mi) west of the southern section of the

w
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preliminary condidnr - s«. vapure 3-118 in Section 3.2.3.1.1.3. <Zhe
preliminary candidate arer - locarea .. 7. . regiof ~f little seismic

activity (see Figure 3-119 in Section 3.2.2.1.1.3).

The major faults near the preliminary candidate area are discussed in
Section 3.2.3.4.2. There is no obvious correlation between the observed

seismicity and the faulis adjacent to the preliminary candidate area.

The largest historical earthquake asscciated with this region is a
MM VII which occurred December 23, 1875, in Buckingham County, Virginia,
approximately 100 km (60 mi) northeast of the preliminary candidate area.

Considering the low level and magnitude of seismic activity in the
region and the absence of active tectonic processes within the geologic
setting during the Quaternary Period, it is unlikely that future seismic
activity would produce ground motion in excess of reasonable design
limits or could affect waste containment or isolation, and it is unlikely
that the frequency of occurrence or the magnitude of earthquakes in the

area will increase in the future.

3.2.3.4.4 MHineral Resocurces. One inactive, lead prospect is located

in the preliminary candidate area (U.S. Bureau of Mines, 1983)

(Table 3-15, Figure 3-137). No other metallie, strategic, or
energy-related resources or mining districts (Figure 3-137) are located
within 10 km (6 mi) of the preliminary candidate area. Two additicnal
resources, more than 10 km {6 mi) from the preliminary candidate area,
congist of an inactive copper and silver mine and a uranium prospect
(U.S. Bureau of Mines, 1983; Chenoweth, 1983). The uranium occurrence is
an ore body associated with a shear zone adjacent to the Chatham fault
‘Chenoweth, 1983) which trends nertheast-scuthwest, roughly paraliel and
out.gide the western boundary of the Virgilina gneiss (Figure 3-134a).
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Therefore, the probability o* ..miliaf ui.. @ “:pozlits wihin the
preliminary candidate area is very low. In addition, there is no
substantial history of mining within or adjecent to the preliminary
candidate area and potential for future development of mineral resources

is considered very low.

Table 3-15. Mineral Resources Near Preliminary Candidate Area SE-3

Map Number
Figure 3-137 Name Commodity Status
W. C. Powell Prospect Lead Inactive
2 High Hill Mine Copper-Silver Inactive
Unnamed QOccurrence Uranium Unknown

Source: U.S. Bureau of Mines, 1983; Chenoweth, 1983; Luttrell, 1966.

Based on the data presented in this section, there is one inactive
mineral resource within the preliminary candidate area. However, there
is no substantial history of mining within or adjacent tc the preliminary
candidate area and potential for future development of mineral resources
is considered very low. There is no evidence for mining to a depth
sufficient to affect waste isclation and no information is available to
indicate that deep drillheoles (greater than 100 m [328 ft] in depth) are

present in the preliminary candidate arsa.

3.2.3.4.% Topography and Surface-Water Characteristics. The

preliminary candidate area is a highly dissected plain. Elevations range
froin, 101 to 244 m (330 to 800 ft) ovur an area of approximately 799 km2
(30" miz) (USGS, 1964b, 1965&; 13A%b; 1968c; 1968e through 1568k).

Local relief averages 27 m (.u ft), but may be as much as 61 m (200 ft).

.



s ]

Floodplain widthe ren,e = © Zen 31 @ (100 ft) along upper reaches
of the tributaries to az mo: - 284 m 72 800 ft) ziong ¥ Zanicter
River.

The surface-water system within the preliminary candidate area is
characterized by a well-developed dentritic pattern that is dominated by
the Banister River and its tributaries, including Terrible Creek and
Sandy Creek (Figure 3-138) (USGS, 1953c¢c). Streams generally flow
east-southeast across the prelimrinery candidate area, and the Ranister
River drains into the Dan River approximately 9 km (5.4 mi) south of the
preliminary candidate area (USGS, 1953c). The easternmost portion of the
preliminary candidate area is drained by Difficult Creek, which
discharges into the Roanoke River approximately 15 km (9 mi) scutheast of
the preliminary candidate area. The Roanocke River, in turn, discharges
into John H. Kerr Reservoir approximately 2.5 km (1.5 mi) downstream from
its confluence with Difficult Creek. The Banister River is impounded
just inside the eastern margin of the preliminary candidate area,
producing Banister Lake. There are no other large lakes or reservoirs in
or within 12.5 km (7.5 mi) the preliminary candidate area, although small
impoundments (less than 1.2 ha or [3 ac]) are widely scattered throughout
(USGS, 1964b; 1965d; 1966b; 1268c; 1968e through 1968k). The location of
surface waters in the preliminary candidate area on Figure 3-138 are

based on USGS maps.

The presence of relatively low relief and narrow to moderately wide
floodplains indicates localized poor drainage. Flooding from failure of
the dam on the Banister River would be concentrated to the east, away
from the preliminary candidate area. Therefore, overall flooding
potential is low, with localized flooding potential only apparent for

less than 3% of the entire preliminary candidate area.

3.2.3.4.6 Ground-Water Resources. Regional ground-water data are
discussed in Section %.2.3.1.1.5. Available data in the przliminary
zandidate area do not ailow #ifl..entiation between saprolite producing

wells and crystalline be¢-nck wells nor ars water level contour maps
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evailable for the preiir .. wry téanai.. n=z. Well fata were provided by
the Virginia Bureau of Water Contrecl Management of the Virginia State
Water Control Board. Water well data in the vicinity of the preliminary
candidate area is reported by county and is expressed in terms of well
yields. Figure 3-139 presents the available well-yield data in the
vicinity of the preliminary candidate area. Twenty wells located within
the Virgilina gneiss average 1.12 L/s (17.8 gpm). Of these 11 yield less
than 1.26 L/s (20 gpm), seven yield from 1.26 to 1.89 L/s (20 to 30 gpm),
ard two yield 3.15 L/s (50 gpm). Only six wells ranging in yield from
1.2 to 3.15 L/s (19 to 50 gpm) are located within the preliminary
candidate area. Five additional weils within the surrounding units yield
an average of 1.34 L/s (21.2 gpm). Of these three yield less than

1.26 L/s (20 gpm) one yields 1.26 L/s (20 gpm), and one yields 3.15 L/s
(50 gpm).

The well yield information indicates the presence of potable ground
water in the vicinity of the preliminary candidate area. The yields are
generally very low (less than 1.26 L/s [20 gpm]) with a few wells
producing arcund 3.15 L/s (50 gpm). There are no data to suggest
grounid-water conditions in the candidate area differ from the surrounding
area. Specific relationships between litholopy, structure, and well
yields are not currently available. There are no data on the deep

ground-water system within the candidate area.

3.2.3.4.7 Quaternary Climate. A discussion of Quaternary climatic

conditions, including paleoclimatic conditions, vertical crustal

movement, and changes in sea level is in Section 3.2.3.1.1.1.

3.2.2.4.8 Federal Lands. There are no Federal lands greeter than
130 ka (220 ac) in gize located either in or within 10 km (6 mi) of the
preliminary candidate area. Fsderal lands which do occur in Virginia are
depicted in Plate 2A of the Ssutheastern RECR or are listed in Appendix A
of that report (DOE, i.s5n). There is no evidence in the data base that
Federal lands less than 130 ha (320 ac) in size are located either in or

within 10 km {6 mi) of the preliminary candidate ares.
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3.2.3.4.9 State lar. . tusic o2 Tisre lauds within the boundary
¢f the preliminary candidate area. White Oak Mountain Wildlife
Management Area is approximately 4 km (2.5 mi) west of the preliminary
candidate area. The Staunton River State Park lies approximately 14 km
(9 mi) east of the preliminacry candidate area, and the Staunton Wild and
Scenic River passes within 8 km (5 mi) north of the preliminary candidate
area. The features described above are greater than 130 ha (320 ac) in
size and are either depicted on Plates 3A or 4A of the Southeastern RECR
(DOE, 1985h) (see also Figure 3-140). In addition, there is no evidence
in the data base that State lands less than 138 ha (320 ac) in size are
located in or within 10 km (6 mi) of the preliminary candidate area.

3.2.3.4.10 Environmental Ccmpliance. None of the preliminary

candidate area lies within current air quality nonattainment areas.
There is no Prevention of Significant Deterioration (PSD) Class I Area
within 40 km (25 mi) of the preliminary candidate area. One site on the
National Register of Historic Flaces (NRHP) (Carters Tavern near Ingram)
is located within the preliminary candidate area (44 FR 7615, 1979). No
proposed NRHFP sites exist within the preliminary candidate area. 1In the
regional data base there are no known existing archaeological sites or
districts or any proposed for designation within the preliminary
candidate area. No National Trails are located within 40 km (25 mi) of

the preliminary candidate areas.

3.2.3.4.11 Pcpulation Density and Distribution. The preliminary

candidate area contains nc highly populated areas. There are three
highly populated areas within 16 km (10 mi) of the preliminary candidate
area (Danville, South Boston, Westover). South Boston has a population
of 7,093 and is locatad 4.8 km (3 mi) southeast of the preliminary
candidate area. Danville, with a population of 45,642, and Westover,
with a population of 3,051, are located 1.6 km (1 mi) and 8 km (5 mi)
west-southwest of .ne preliminary candidate area, respectively (see
Figure 3-140). The pr-“iminary candidate area contains no areas with

population densities greater than or equal to 1,000 persons per square
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S Preliminary Candidate Arza

Environmental Features

P Highly Populated Areas and Areas with Density
Greater Than 1000 Persons per Square Mile

F Federal Ltands Greater Than 320 Acres
S State Lands Greater Than 320 Acres
| Federal Indian Reservations
® Federal or State Lands tess Than 320 Acres
F-5 Map Alpha-numeric Codes are Keyed to
Environmental Features

Rcck Bodies

Beyond Ten Miles from Preliminary Candidate Area

———re— State Boundary
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BNVT® e 3L TELTURIS . tiva¥ 16 KM (L0 MI)
OF PRELIMINARY CANDIDATE AREA SE-3%

Code Feature

Population Features

P-1 South Boston Highly Populated Area (HPA)
P-2 South Boston Minor Civil Division (MCD)
P~3 Westover HPA
P-4 Danville HPA
P-5 Danville MCD

Federal Lands

None
State Lands
sS-1 Staunton Wild and Scenic River
s-2 . White Oak Mountain Wildlife Management
Area (WMA)
S-2 Staunton River State Park
S-4 Caswell Game Lands WMA

Indian Reservaticns

None

* The accompanying text identifies only those eanvironmental features
within 10 km (6 mi) of the preliminary candidate arsa.

Figure 3-140, Sheet 3
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mile. Tharae ave - - - oy slation greater than or sgual o 1,300
persons per square mile wi<. .3 3% Xa . 27 I ¢he nre¢iminary candidate
area; these are als¢ highly populated aress (South: Boston and Danville)
(see Figure 3-140). The avesrage population density of the preliminary
candidate area is approximately 50 persons per square mile. The average
population density within 80 km (50 mi) of the preliminary candidate is
approximately 114 persons per square mile. Low population density is
defined as a density in the general region of the site less than the
average population density for the conterminous United States (76 persons

per square mile) based on the 1980 census.

3.2.3.4.12 Site Ownership. There are no Federal or DOE-owned lands

located within the preliminary candidate area. The Cherokee Indian
reservation is located approximately 352 km (220 mi) southwest of the

preliminary candidate area (see Plate SE-1A).

3.2.3.4.13 oOffsite Installations. No commercial nuclear reacters

are located within the prelimimary candidate area. The nearest operating
commercial nuclear reactor is North Anna which is approximately 160 km
(100 mi) to the northeast {Dames & Moore, 1972). The tnlearest commercial
nuclear reactor under construction is the Shearon Harris Nuclear Plant
which is approximately 110 km (70 mi) to the scuth (Wamsley, 1985).

There are no other known nuclear installations or operations that must be
considered under the requirements of 40 CFR 191, Subpart A, within or in

proximity to the preliminary candidate area.

3.2.3.4.14 Transportation. Interstate highway I85 is located
approximately 56 km (35 mi) southeast of this preliminary candidate
area. I40 is also situated about 35 mi (56 km) to the south. U.S. 501
crosses over the eastern portion of the preliminary candidate area. This
highway extends from Durham, North Carolina, to Lynchburg, Virginia.
U.S. 29, which is a four-lane highway, passes within 1.6 km {1 mi) of the
vastern edge of the p.alimirary candidate area. To the south, U.S. 58, a

four-lane highway, crosse  th2 extreme southern portion of the
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preliminary 2ondluaie are "otz Route 260, whizh alsc *= = four-lane
highway east cof South Ti.cion, comeés witir.. 1.2 ka (1 mis of the eastern
edge of the preliminary candidate area. Stute Route 360, a principal
through highway, is the only State highway that crosses the preliminary
candidate area, running through the southern portion. State Route 40 is
very close to the northwest corner of the preliminary candidate area. 1In

addition, there are numerous county and local roads in the area.

The Norfolk and Western is the only mainline railroad that crosses
over the preliminary candidate area. This line connects with another
mainiine about 10 km (6 mi) north of the preliminary candidate area. The
Southern Railway’s mainline between Washington, D.C., and Atianta passes
within a few kilometers (miles) of the western edge of the preliminary
candidate area near Danville. The oniy branchline which crosses the
preliminaery candidate area is the Southern Railway's line between
Danville and Richmond. This is the only branchline railroad in the
vicinity.

Based on the data presented above, access tc the preliminary
candidate area from both local and regional highway and railway systems

appears to be available.

3.2.3.4.15 Prelininary Candidate Area Deferral Analysis. This

section identifies significant additional information (specified in
Section 3.2) not directly incorporated into Steps 1 through 3 on
preliminary candidate area SE-3 that could affect DOE's decision to defer
further consideration of the area. Based on evaluation of this
additional available information, the area exhibits the following

favorable characteristics:

e presence of host rock with sufficient thickness and lateral
extent to allow significant flexibility in selezting the
depth, configuratios :ad location of the underground
faczility to ensure isclation [240.4-2-3(b)(1),
960.5-2-9(b) (1), 96(.5-2-2(c)(1)}
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presz. < ¢ . <>k that permits emplacement of waste at
least 300 1 (- .20 %) Ui’ grragg aurtacy [960.4-2-5(b)(1)]
low potential for tectonic ¢erotmations suggests that the
rygional ground-water flow systems should not be
significently affected [960.4-2-7(c)(6)]

absence of active faulting within the geologic setting
{960.5-2-11(¢) (1)}

abgsence of historical earthquakes of a magnitude and
intensity that, if they recurred, could affect waste
containment or isolation [960.4-2-7(c)(2)]

no indications, based on correlations of earthquakes with
tectonic processes and features, that the frequency of
earthquake occcurrence within the geologic setting may
increase [960.4-2-7(c)(3)]

the frequency of occurrence or magnitude of earthquakes
within the geolegic setting are no higher than within the
region [960.4-2-7(c)(4)]

absence of historical earthquakes that, if they recurred,
could produce ground motion in excess cf reasonable design
limits [960.5-2-11(c){2)]

absence of evidence, based on correlations of earthquakes
with tectonic processes and features within the geologic
setting, that the magnitude of earthquakes during repository
construction, operation, and closure may be larger than
predicted from historical seismicity [960.5-2-11(c)(3)1]

no evidence of subsurface mining or extraction for resources
that could affect waste containment or isolation
[960.4-2-8-1(c)(2)]

no evidence of drilling to a depth sufficient to affect waste
containment or isolation [960.4-2-8-1(c)(3)]

no evidence of significant concentrations of any naturally
occurring material that is nct widely available from other
sources ;9606.4--2-8-1{c)(4)1

presenca of ~-ncrally flat terrain [960.5-2-8(b)(1)]
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pres. ~s .ty pell.-drained terrain [960.5 2-8(b)(2)]
general absen. oI rurf. o~ chavrelerigilies or surface-water
systeme that could lead to Ilocding {960.5-2-8(c),
960G.5-2-10(b)(2)}

located within a geologic setting in which climatie changes
have had little effect on the hydrolegic system throughout
the Quaternary Period [960.4-2-4(b)(2)]

absence of Federal lands less than 130 ha (320 ac) within and
in proxinity to (i.e., 10 km [6 mi]) the preliminary
candidate area [960.5-2-5(c)(3)]

absence of State lands less than 130 ha (320 ac) in proximity
(i.e., 10 km [6 mi]) to the prelimiary candidate area
[96-5-2-5(c)(4)]

low population density within its boundaries [960.5-2-1(b)(1)]
absence of nuclear installations [960.5-2-4(b) and (c)(2)]

no projected land ownership conflicts that cannot be
successfully resolved through voluntary purchase-sell
agreements, nondisputed agency-tc-—-agency transfer of title,
or Federal condemnation proceedings [960.4-2-8-2(¢) and
960.5-2-2(c}]

available access to the national transportation system
through regional highways and railroads and through local
highways and railroads [960.5-2-7(b)(2) and (b)(3)].

The preliminary candidate area also exhibits the follewing character-
igtiecs which could detract from repository siting and performance in the

absence of further evaluation:

evidence of active tectonic uplift [960.4-2-7(c)(1)}
presence of a shallow ground-water resources that could be

economically extractakhlic ini the foreseeable future

[960.4-2 8-1(ci(1)1].
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e a majority - ~xizqveiv “0%) of the prel’ ilniry candidate
area is wethin 16 km (10 ml. of kighly populated areas or
areas containing more than 1,000 persons per square mile

[960.5-2-1(c)(2)].

The results indicate that there are no significant adverse features
identified to date that would preclude DOE from conducting further study
of this area as a candidate for repository siting. In addition, many
favorable characteristics have been identified in the area. Therefore,
on balance, there is no basis for deferral of preliminary candidate area

SE-3 at this time.



-

3.2.3.5 Preliminary Candidatc N Dugecinccian ~ Polegvilin (SE-8)

Praliminary candidate area SE-4 is located within the Pied.uont
province of northeastern North Carolitia in Wake, Johnson, and Franklin
Counties, at approximately 35°50°' N latitude and 78°20' W longitude
(Figure 3-1ala).

3.2.3.5.1 Host Rock Geometry and Overburden Thickness. The

preliminary candidate area cverlies the Rolesville pluton and covers an
area of 369 kmz (laz miz) with a length of 38 km (23.6 mi) and a
width of 17 km (10.5 mi) (Farrar, 1980; Mcbhaniel, 1980) (Figure 3-1413).

Gravity information indicates that the Rolesville pluton has a
maximum depth of 13.6 to 15.2 km (8.5 to 9.4 mi) (Glover, 1963). A cross
section derived from Farrar (1985b) and Parker (1979) is shown on
Figura 3-141b.

Available water well casing-depth data in the vicinity of the
preliminary candidate area are given in Figure 3-142. Casing-depth date
are available for only four wells within the preliminary candidate area,
with saprolite thickness ranging from 6.4 to 22.8 m (21 %o 75 ft). Based
cn 46 data points, the average thickness of saprolite within the
Rolesville pluton is 16.05 m (52.65 ft). Based on 27 nearby dsta points,
the average thickness of saprolite overlying surrounding units is 19.95 m
(65.44 ft). Well data were supplied by the Division of Environmental
Management of the North Carolina Department of Natural Resources and
Community Development {(1982). The location and distribution of rock
exposures are presently unknown; however, mappable exposures are expected

to be fairly extensive.
Or: the basis of the data presented zoovs and the assumed depth and

size of a repository ir z-stalline rcck (see Section 1.5), the host roeck

undsrlying the preliminary cantidste area is sufficiently thick and
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laterally extensive to allow Yo ank flowibility in eell iiag the
depth, configuratior., anu socstion Gf the wiwierground facility Lo ensure

isolation.

3.2.3.5.2 Lithology and Tectonics. The preliminary candidate area
is contained entirely within the Rolesville pluton. Four boreholes
drilled within the preliminary candidate area indicate that the
Rolesville pluton consists of medium- to coarse-grained biotite granite
(Farrar, 1977, 1985a; Parker, 1979) (Figure 3-14la). The granite
consists of three textural facies: (1) medium- to coarse-grained with
weak compositional layering; (2) porphyritic; and (3) fine- to
medium-grained, foliated (Farrar, 1985a). The biotite granite is cut by
pegmatite and aplite dikes that range from a few to tens of centimeters
(inches) thick (Farrar, 1985a). The granite is also cut by diabase dikes
that range from about 0.3 to 33 m (1 to 100 ft) thick (Parker, 1979).

The rocks surrounding the Rolesville pluton consist of gneisses and
metavolcanic rocks, ranging in age from Precambrian to early Paleozoic
(Farrar, 1985b). The Rolesville pluton intruded the country rock during
the latest episode of regional motamorphism (Alleghenian, about 330 te
250 million years ago) (Farrar, 1985a). The granite shows a weak,
compositional layering that is overprinted by weak to moderate bictite
foliation that parallels the foliation in the county rock (Farrar,
1985a). The most recent deformational event occurred during the early
Mesozoic (Triassic?), was brittle in nature, and created fractures along

which diabase dikes were intruded (Farrar, 1985b; Parker, 1979).

No folds have been ohserved in the Rclesville pluton (Parker, 1979).
One fault located approximately 8 km (5 mi) northwest of the preliminary
candifate area, the Nutbush Creek mylonite zone (Figure 3-14la), ranges
from relatively rarruw to a few hundred meters (feet) in width with a
woderste~ to near-vertical 4ip (Farrar, 1985b}. The Nutbush Creek

myi-nite zone was probably formsd wuring late- to post-Alleghenian
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metamorphism (Farrar, i3h_. o donel selationahios sy, fzol €
eastern side of che Muthush Creek myleonic zone has moved upwazd with
respect to the western side and that there Is some componert of right

lateral movement (Farrar, 1985b).

Estimates of regional uplift and subsidence are discussed in
Section 3.2.3.1.1.3. Regional data indicate that uplift has occurred but
there is a wide range of interpretation on the magnitude of uplift. No
data are available for the preliminary candidate area; therefore, until
data are obtained, no conclusion can be drawn concerning affects of

uplift.

A measurement taken at a location 7.2 km (3.5 mi) from the
preliminary candidate area indicated a maximum horizontal stress

direction of ¥ 83° W (Zoback and Zoback, 1980; Zoback et al., 1984).

There is no evidence of Quaternary igneous activity, folding,
faulting, or subsidence within the geologic setting. Regional uplift
dats suggest the possibility of active tectonic process, however, there
appears to be nc significant potential for tectonic deformations that

could affect the regional ground water flow system.

3.2.3.5.3 Seismicity. There are no earthquake epicenters for
seismic events of MM IV or greater withirn 10 km (6 mi) of the preliminary
candidate area (Bollinger, 1975; Stover et al., 1984). Two seismic
events of MM III (Stover et al., 1984) are located approximately 14 km
(8.7 mi) from the southwestern boundary of the preliminary candidate area
{see Figure 3-118 in Section 3.2.3.1.1.3). The preliminary candidate
area is located within a region of low seismic activity (see Figure 3-119
ir. Section 3.2.3.1.1.3). The largest historical earthquake associated
vith tnis region is an MM V which ozcurr2d4 on March 30, 1830, in Wayne
Crunty approximately “5 km (28 mi) southeast of the preliminary candidate

area.



Major faults near th2 » . _Lmuauls - 5857z 2r-e22 ars discussed in
Section 3.2.3.5.2. There is no known corvciaiicn between these features

and seismic activity.

Considering the low level and magnitude of seismic activity in the
region and the absence of active tectonic processes within the geologic
setting during the Quaternary Period, it is unlikely that future seismic
activity would produce ground motion in excess of reasonable design
limits or could affect waste containment or isolation and it is unlikely
that the frequency of occurrence of earthquakes in the area will increase

in the future.

3.2.3.5.4 Mineral Resources. One strategic mineral deposit has been

identified within 10 km (6 mi) of the preliminary candidate area (Figure
3-143; Table 3-16). A manganese deposit occurs 2.5 km (1.6 mi) southeast
of the preliminary candidate area, within a dike in the mica schist
(Thompson, 1950) that forms the country rock surrounding the Rolesville
pluton. A chromite prospect occurs 18 km (11.2 mi) northeast of the
preiiminary candidate area in a small ultresmafic body. Carpenter (1978)
reported that a 165-m (265-ft) core of the ultramafic body encountered
only a small amount ¢f chromite. Similar ultramafic bodies have not been
mapped within the Rolesville pluton. Therefere, it is unlikely that
strategic, metallic, or energy-related mineral resources will be found

within the preliminary candidate area.

Four boreholes were drilled in the Rolesville pluton for scientific
purposes by Virginia Polytechnic Institute and State University
(Figure 3-143). Two of these boreholes are within the preliminary
candidate ares near the southern border; they range in depth from

approximately 198 to 213 m (850 to 700 ft).
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Table 3-16. Mine, . "« .0 23 Fear Preliminary Cendigate ares S3-

Map Number Name Coamodity Stetus
{Fig. 3-143)

Avon Privett Property Mine Manganese Inactive

2 Leonard Perry Prospect Chronite Inactive

Source: Thompson, 1950; Carpenter, 1976

Based on the data presented in this section, no known strategic,
metallic, or energy-related mineral resources occur within the
preliminary candidate area. Two deep (greater than 100 m [328 ftl in
depth) drillholes are known to exist within the preliminary candidate

area.

3.2.3.5.5 Topography and Surface-Water Characteristics. The

preliminary candidate arez is characterized by a moderately dissected,
wide, gently sloping or rolling plain. Elevations range from 61 to 143 m
(200 to 470 ft) within the preliminary candidate area (USGS, 1964d;
1967d; 1967f; 1968b; 1968m; 1978a; 1978b). Relief averages about 18 m
(60 ft) along stream corridors, with a maximum local relief of about 31 m
(100 ft) (USGS, 1964d; 1967d; 1967f; 1968b; 1968m; 1978a; 1978b).
Floodplains range in width from less then 31 m {100 ft) along tributaries
and upper reaches of major streams te approximately 435.m (1,400 ft)
further downstream. Relief generally does not exceed 61 m (200 ft) over

the entire preliminary candidate area.

The surface-water system within the preliminary candidate area is
characterized by a dendriti: stream pattern domirated by Buffalo Creek,
the Little River, Moccasin Creek, and their tributaries (Figure 3-144)
UsCs, 1953c,d). These streams generally flow south-southeast across the
preliminery candidate area. BufZalo Creek merges with the Little River

approximately 16 Im (0 mi) sz__lLeast of the preliminary candidate area
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(USGS, 1953d). The Uittt -~ Zlver Arsins ilite che NMeuse River
approximately 31 km (18.6 mi) downstream from the confluence of Buffalo
Creek and Little River and approximately 4 km (2.4 mi) southwest of the
city of Goldsboro, North Carclina. The northernmost section of the

preliminary candidate area is drained to the east-southeast by Crooked

Creek, which drains into the Tar River approximately 15.6 km (9.4 ml)

downstream from the preliminary candidate area (USGS, 1953c¢; 1953d).

Impoundments occur along major streams and their tributaries. The

largest of these impoundments (Bunn Lake) occurs near the eastern

less than

less than

boundary of the preliminary candidate area and is approximately 47 ha

(115 ac) in area (USGS, 1968m). The remaining impoundments range from

4 ha (10 ac) to 38 ha (94 =zc). Marshes and swamps occur

locally along Buffalo Creek and Moccasin Creek, but these constitute much

1% of the entire preliminary candidate area.

The presence of relatively low relief, moderately wide floodplains,

and marshes/swamps indicates lecally poer drainage. Consequently, these

conditions, coupled with the large number of impoundments and the

possibility of impoundment faillure, indicate that there is a potential

for localized flooding along streams; however, this potential is limited

to no more than 2% of the entire preliminary candldate area.

3.2.3.
discussed
candidate
wells and
available
the KNorth

candidate
averige 1,
(20 gpmj,
from 3.15

5.6 Ground-Water Resources. Regional ground-water data are

in Section 3.2.3.1.1.5. Available data in the preliminary
area do not allow a differentiation between sap-olite—producing
crystalline bedrock wells nor are water-level contour maps

for the preliminary candidate area. Well data were provided by

Carolina Department of Natural Resources and Community

Development, Division of Environmental Management (1982). Figure 3-145
prezents the available well-yield data in the vicinity of the preliminacy

area. Yields for 47 wells iocated within ths Roleswille pluton
74 L/s (27.57 gix). OFfF ‘“ese, 22 yleld less than 1.26 L/s

20 yield from 1.26 rc 3.15 L/s (20 ta 50 gpm), and five yield
to 6.31 L/s (51 to 100 gpm). Only feur wells, ranging in yield

from 0.5 to 3.15 L/s (8 to 50 gpm) are located within the preiiainary
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candidate arca. Thiro i.icnal wells located im the vicinity of
the preliminary candidete ov: - gverare i .. 171 (31.03 gpny. Of these,

20 yield less than 1.26 L/3 (20 gpm), eight yield from 1.26 to 3.15 L/s
(20 to 50 gpm), and four yield from 3.22 to 5.71 L/s (51 to 100 gpm).

The well yield information indicates the presence of potable
ground-water aquifers in the vicinity of the preliminary candidate area.
The yields are generally low (1.26 L/s [less than 20 gpm}]) with a few
wells producing up to 6.31 L/s (100 gpm). There are no data to suggest
ground-water conditions in the preliminary candidate area differ from the
surrounding area. Specific relationships between lithology, structure,
and well yields are not currently available. Four deep wells were
drilied into the Rolesville pluton (Section 3.2.3.5.4), however, they
were not drilled to obtain hydrologic data, consequently, deep

ground-water conditions in the preliminary candidate area are unknown.

3.2.3.5.7 Quaternary Climate. A discussion of Quaternary climatic
conditions, including paleoclimatic conditions, vertical crustal movement

and changes in sea level, is in Section 3.2.3.1.1.1.

3.2.3.5.8 Federal Lands. There are no Federal lands greater than
130 ha (320 ac) in size located either in or within 10 im (6 mi) of the
preliminary candidate area. Federal lands which do occur in North
Carolina are depicted in Plate 2A of the Southeastern RECR or are listed
in Appendix A of that report (DOE, 1985h). In addition, there is no
evidence in the data base that Federal lands less than 130 ha (320 ac) in
size are located either in or within 10 km (6 mi) of the preliminary

candidate area.

3.2.3.5.9 State Lands. Two State lands, both of which are less than
120 ha (320 ac) in gize, lie within the boundary of the preliminary
cancidate area; Mitchell's Mill Pon< is both a State park and a State
Matural Heritage Area which covers arproximately 27 ha (87 ac) or less
than 0.1% of the preliminary ¢andidate area, in the northwest portion.

Robertson's Pond Natural Herltage Area covers 24 he (60 ac), which is
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also less than 6.1% of &l = (i'-irsr, candidate aresa, alcug the west
central edge. FrFall=- @ - secraation Area, which is greuter than
130 ha (320 ac) in size, line .iproximare., 17 tx {5 mi} vast of the
preliminary candidate area, while the Flower Hiil Natural Heritage Area,
which is less than 130 ha (320 ac) in size, is 8 km (5 mi) east of the
praliminary candidate areax. All the features described above are either
depicted on Plates 34 or 4& of the Scutheastern RECER cr are listed in
Appendix B of that report (DOE. 1985h).

In summary, two State lands, each of which is less than 130 ha
(320 ac), cover a total of 51 ha (127 ac) or less than 0.2% of the
preliminary candidate ares; and two State lands (one of which is
less than 130 ha [320 ac]) are located within 10 km (6 mi) of it
(see Figure 3-146).

3.2.3.5.10 Environmental Compliance. No portion of the preliminary

candidate area lies within a current air quality nonattainment area.
There are no Prevention of Significant Deterioration (PSD) Class I Areas
within 40 km (25 mi) of the preliminary candidate area. Four sites on
the National Register of Historic Places (NRHP) are located within the
preliminary candidate area boundary. These sites are the Cooke House
near Louisburg, the William A. Jeffreys House near Youngsville

(44 FR 7547, 1979), the Wakelcen School (Zebulon Elementary School) in
Zebulon and the Midway Plantation near Raleigh (44 FR 7550, 197%). No
proposed NRHP sites exist within the preliminary candidate area. One
archaeological district which has been proposed for designation (Rolling
View Archaeclogical District in Wske Ceounty) may be within the
preliminary candidate area (49 FR 4680, 1984); however, the exact
location is not specified in the data base. No National Trails are

within 40 km (25 mi) of the preliminary candidate area.

% {verton Rock Natural Heritage Arez lies within the counties containing
the preliminary cand’-“ate area; however, there is no location map for
this small State land irn the = _‘onal data base.
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asrdal Features Leg:

)
Preliminary Candidate Area
Environmental Features

P Highiy Populated Areaz and Areas with Density

Greater Than 1000 Persons per Square Mile

F Federal Lands Greater Than 320 Acres

S State Lands Greater Than 320 Acres

! Federal Indian Reservations

® Federal or State Lands iess Than 320 Acies

F-5 Map Alpha-numeric Codes are Keyed to
Environmental Features

Rock Bodies

Beyond Ten Miles from Preliminary Candidate Area

State Boundary

County Lines

< ale 1:500,000

miles 20
! H

r
1] kilometers 20

Figure 3~148 Sheet 2
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- n T

UxES WITHIN 16 KM (1C MI;
t. CANDIDATE AREA SE--4%

Code . Feutdre

Populatiocn Features

P-1 Louisburg Highly Populated Area (HPA)
P-2 Wake Forest HPA
P-3 Raleigh HPA
P-4 New Hope HPA
i P-5 Raleigh Minor Civil Division
P-6 Clayton HPA
Federal Lands
None
i
State Lands
s-1 Falls Lake State Recreation Area
s-2 Mitchell's Mill Pond Natural Area State
Park
S-~2 Mitchell’s Mill Pond Natural Heritage
Area
s-3 Robertson’s Pond Natural Heritage Area
S-4 Clemmons State Forest
s-~5 Flower Hill Natural Heritage Area
Indian Reservations

Hone

% The accompanying ti.t idertifiez only those envircnmental features
within 10 km (6 mi) of the ¢..liminary candidate area.

rigure 3~146, Sheet 3
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3.2.3.5.11 Popuiacion “tv 2npd Distributiosz. The ~rzYiminary
candidate area contain: <o hignly popuiatc. arczs. There are five highly
populated areas within 16 km (10 mi) of the preliminary candidate area
(Clayton, Louisburg, New Hope, Raleigh, and Wake Forest). Clayton is
located 11 km (7 mi) southwest of the preliminary candidate area and has
a population of 4,091. Louisburg, with a population of 3,238, is loccated
8 km (5 mi) northeast of the preliminary candidste area. Wake Forest
with a population of 3,780, New Hope with a population of 6,745, and
Raleigh with a population of 150,255% are located 3.2 km (2 mi), 11 km
(7 mi), and 14 km (9 mi) west of the preliminary candidate area,
respectively (see Figure 3-146). The preliminary candidate area contains
no areas with population densities greater than or equal to 1,000 persons
per square mile. There is one area of population density greater than or
equal to 1,000 persons per square mile within 16 km (10 mi) of the
preliminary candidatz area {see Figure 3-146). This area is Raleigh,
with a population of 101,909%; Raleigh is also a highly populated
area. The average population density of the preliminary candidate area
is approximately 103 persons per square mile. The average population
density within 80 km (50 mi) of the preliminary candidate area is
approximately 129 persons per square mile. Low population density is
defined as a density in the general region of the site less than the
average population density for the conterminous United States (76 persons

per square mile) based on the 1980 census.

3.2.3.5.12 Site Ownership. There are no Federal or DOE-owned lands
within the preliminary candidate area. The Cherokee Indian Reservation
is 408 km (255 mi) west of the preliminary candidate area (see Plate
SE-14).

* The difference in pepulation fizures is due to the fact that the
geographic extent . the highly populated arsa of Raleigh is
different than the area 4sfl...u by a density of 1,000 persons per
square mile.
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3.2.3.5.13 Offsite Irg . tlaricons. Ho commercial nu-lear rzsctors
are locstad within «l=» @ = 1o zandidate area. The nzarast sperating
commercial nuclear reactosr »  wurr;, 4077 iv soproximately 194 km
(120 mi) toc the northzazt {Wamsley, 1953). The nearest commeccial
nuclear reactor under construction is the Shearon Harris Nuclear Plant
which is approximately 47 km (29 mi} to the southwest (Wamsley, 1985).
There are no cther known nuclear installations or operations that must be
considered under the requirements of 10 CFR 191, Subpart A, within or

near the preliminary candidate area.

3.2.3.5.14 Trangportation. The nearest interstate highway (I40) at

Raleigh, North Carolina, ls approximatsly 16 km (16 mi) west of the
preliminary candidate area. I95 is lccated about 24 km (15 mi) east.
I85 also passes about 32 km (20 mi) north and nocthwest of the
preliminary candidate area. The U.S. highways which cross the scuthern
portion of the preliminary candidate area are U.S. 64 and 264. Between
Raleigh and the western edge of the preliminary candidate area are

U.S. 64 and 264. Between Raleigh and the western edge of the preliminary
candidate area, these highways run concurrently as a four-lane divided
highway. Both of these highways are four-lane, limited-access roads
across the preliminary candidate area and between the preliminary
candidate area znd 1I95. U.S. 401 crosses the northern portion of the
preiiminary candidate area. U.S. 1 is located 8 km (5 mi) west of the
preliminary candidate area. Although not shown on the transportation
network map, a number of State highways (39, 96, and 98) are in the

preliminary candidate area. MNone of these roads are principal highways.

The Southern Railway has a mainline crossing the southern portion of
the preliminary candidate area. This line is the main connection between
Raleigh and Norfolk, Virginia. The Seaboard mainline parallels U.S. 1
about 8 km (5 mi) west of the preliminary candidate area. Another
Seaoard mainline is located 16 to 32 km (10 to 20 mi) to the east and
sontheast. Both cof the Seaboard majilines are north and south routes. A

Sovchern branchline is .iocated about 13 km (8 mi) south of the
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preliminary candidate =2-- *em =14 has two branchlines in the
vicinity, bucr iike tie So.- +, aeithar of these ciussz 7~ o7 the
preliminary candidate .:za. une of the . abpozrd branchiines is about
3.2 km (2 mi) north while the other terminates about 11 km (7 mi) from

the eastern edge of the preliminary candidate area.
Based on the data presented above, access to the preliminary
candidate zrea from both local and regional highway and railway systems

appears to be available.

3.2.3.5.15. Preliminary Candidate Area Deferral Analysis. This

section identifies significant additional information (specified in
Section 3.1) not directly incorporated into Steps 1 through 3 on
preliminary candidate area SE-4 that could affect DOE's decision to defer
further consideration of the area. Based on evaluation of this addi-
tional available information, the area exhibits the following favorable

characteristics:

e presence of host rock with sufficient thickness and lateral
extent to allow significant flexibility in selecting the
depth, configuration, and location of the underground
facility [960.4-2-3(b)(1), 960.5-2-9(b)(1), 960.5-2-9(c)(1)]

s presence of host rock that permits emplacement of waste at
least 300 m (1,000 ft) below ground surface [960.4-2-5(b)(1)]

e low potential for tectonic deformations suggests that the
regional ground-water flow systems should not be
significantly affected [960.4-2-7(c)(6)]

» ahsence of active faulting within the geologic setting
(960.5-2-11(¢) (1) ]

e gbsence of historizal earthquakes of a magnitude and
intensity that, if they recurred, could affect waste
conteinment or isolation [960.4-2-7(c)(2)]
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no indicatiorn. , *i.o7 27 cirrelations of carthquaxes wiktt
tecktonic v » s reatures, that the {reguiney of
earthquake cccurs— o within - . Zil.0%ic Seht.ng mey
inerease {960.4-2-7(c)(3)]

the frequency of occurrence or megn’tude of earthquakes
within the geologic setting are no higher than within the
region [960.4-2-7(c)(4)])

absence of historical earthquakes that, if they recurred,
could provide ground motion in excess of reasonable design
limits [960.5-2-11(c)(2)]

absence of evidence, based on correlations of earthquakes
with tectonic processes and features within the geologilc
setting, that the magnitude of earthquakes during repository
construction, operation, and ciosure may be larger than
predicted from historical seismicity [960.5-2-11(c¢)(3)]

no evidence of subsurface mining or extraction for resgources
that could affect containment or isolation
{960.4-2-8-1(e)(2)]

no evidence of drilling to a depth sufficient to affect
waste containmant or isolation [960.4-2-8-1(c)(32)]

no evidence of significant concentrations of any naturally
occurring material that is not widely available from other
sources {960.4-2-8-1(c)(4)]

presence of generally flat terrain [960.5-2-8(b)(1)]
presence of generally well-drained terrzin [260.5-2-8(b)(2)]
general absence of surface characteristics or surface-water
systeme that could lead to flooding {960.5-2-8(c)(2),
960.5-2-10(b)(2)]

located within a geologic setting in which climatic changes
have had little affect on the hydrologic system throughout
the Qusternary Period [960.4-2-4(b)(2)]

absencs of Federal lands less than 130 ha (320 ac) within
and in proximity to (i.e., within i0 ¥m [é mi] of) the
preliminary candidace area [960.5-2-5(c)(3}]
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Itmit. » <1 atace lands less than 130 ha (320 ac)
within and in - coximity vz . ., wiihiz 50 km or 6 mi of)
the preliminary candidate areca (960.5-2-5(c){4)]

no prcjected land ownership conflicts that cannot be
successfully resolved through voluntary purchase-sell
agresments, nondisputed agency-to-agency transfers of title,
or Federal condemnation proceedings [960.4-2-8-2(c),
960.5-2-2(e)]

available access to the national transportation system
through regional highways and railroads and through local

highways and railroads [960.5-2-7(b)(2) and (b)(3)]

The preliminary candidate area also exhibits the following character-

istics which cculd detract from repository siting and performance in the

absence of further evaluation:

evidence of active tectonic uplift [960.4-2-7(c)(1)1]
presence of shallow ground-water resources that cculd be
economically extractable in the foreseeable future
[560.4-2-8-1(c) (1) (i)]

a majority of the preliminary candidate area is within 16 km
(10 mi) of highly populated areas or areas containing more

than 1,000 persons per square mile) [960.5-2-1(cJy(2)].

The results indicate that there are no significant adverse features

identified to date that would preclude DOE from conducting further study

of this area as a candidate for repository siting. In addition, many

favorable characteristics have been identified in the area. Therefore,

on balance, there is no basis for deferral of preliminary candidate area
SE-4 at this time.
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3.2.3.6 Preliminary Can <=2l  2~3~ G.ecription - Elk River Compizx (SB-3)

Preliminary candidate sre< 1E-5 18 iw.. 27 ithia the Blue Ridge
physicgraphic province of south western Nortiv Curolina in Madison,
Buncombe, and Haywood Counties at approximately 35°40' N latitude,
82°50* W longitude (Figure 3-147a).

3.2.3.6.1 Host Rock Geometry and Overburden Thickness. The

preliminary candidate area overlies the Elk River complex and has an area
of 273 km2 (105 miz) with a mapped length of 21 km (13 mi) and a
width of 19.5 km (12.1 mi) (Figure 3-147a).

The Elk River complex has been extensively mapped (Bryant and Reed,
1970; Hadley and Goldsmith, 1963; Hadley and Kelson, 1971; Rankin et al.,
1972). Each of these authors has provided interpretive cross sections in
which the complex is projected to extend from a minimum depth of 530 m
(2,080 ft) in the area of the Grandfzther Mountain Window {Bryant and
Reed, 197C) to more than 4,900 m (16,000 ft) (Hadley and Nelson, 1971).
Rankin et al. (1972) disputed the interpretations made by Bryamt and Reed
(1970), projecting the rocks in the same area to 2,500 m (8,000 ft) below
the surface. Within the preliminary candidate area, Hadley and Nelson's
(1971) cross section projects the complex to a minimum depth of
approximately 4 km (2.4 mi) (Figure 3-147b).

Available water well casing-depth data in the vicinity of the
preliminary candidate area are given in Figure 3-148. Based on 68 data
points, the average thickness of saprolite within the Elk River complex
is 2.4 m (66.9 ft). Based on 11 nearby data points, the average
thickness for saprolite overlying surrcunding units is 16.3 m (53.4 ft).
Casing-depth data are presently available for only five wells within the
preliminary candidate area with saprolite thickness ranging from 11 to
28 m (35 to 92 ft). Well data were provided by the Division of

Environmental Management of the Wortr Carolina Department of Natural
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Resources and Commur. &.  — Ltz (1982). The location and
distribution of areas of vo:. sApesuir - - BUotzakly waknown, however,

mappatle exposures ars expected to be extensive.

On the basis of the data presented above and the assumed depth and
size of a repository in crystalline rock (see Section 1.5), the host rock
within the preliminary candidate area is sufficiently thick and laterally
extensive to ailow significant flexibility in selecting the depth,
configuration, and location of the underground faciliity to ensure

isolation.

3.2.3.5.2 Lithology and Tectonics, The preliminary candidate area

includes layered gneiss and migmatite, the Max Patch granite and

Cranberry gneiss, and the Great Smoky Group (Figure 3-147a).

The layered gneiss and migmatite in the southernmost portion of the
preliminary candidate area includes layered quartz-feldspar gneiss,
muscovite gneiss, and biotite gneiss, with minor amcunts of mica schist
(Hadley and Goldsmith, 1963). In the vicinity of the preliminary
candidate area, the rocks include mafic and calc-alkaline migmatite
gneiss, with rare muscovite schist or gneiss and very rare marble (Hadley
and Nelson, 1971). These rocks range from medium to coarse grained and
ére variably foliatad and locally blastomylonitic (Hadley and Goldsmith,
1963; Hadley and Nelson, 1971).

The Max Patqh granite and Cranberry gneiss form the plutonic rocks of
the basement complex and include augen and flaser gneiss of granitic to
granodioritic composition, with minor amounts of amphibolite and layered
gneiss (Hladley and Gocldsmith, 1963). Small areas of mafic or
calc-alkaline migmatite gneiss are also present (Hadley and Nelson,
1971). All of these rocks are variably foiiated or blastomylonitic
(hadley and Nelson, 1971).
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The rocks of ¢ - . = - Group are primarily medium- tz
thick-bedded feldspathic me . Lnwe~ulz. s *ab vz cowasnly interbedded
with feidspathic quartz-mica schist aund grsy phyllite (Hadley and Nelson,
1571).

The Elk River complex consists of metavolcanic and metasedimentary
rocks (Hadley and Goldsmith, 1963) that were first metamorphosed during
the Grenville orogeny (about 1,100 million years ago) to at least upper
amphibolite grade and locally to granulite grade (Bartholomew and Lewis,
1984). To the northwest, these rocks become migmetitic and pass
gradually into more uniform granitic rocke, prcbably representing partial
meiting during metamorphism (Hadley and Goldsmith, 1963). The peak of
Paleozoic metamorphism was reached during the Taconic orogeny (about 450
to 350 million years ago) when rocks of the Elk River complex were folded
and transported nerthwestward along the Greenbrier thrust faults
(Bartholomew and Lewis, 1984; Hadley and Goldsmith, 1963). Early folding
was followed by greenschist- to amphibolite-grade metamorphism that
produced detectable changes in the basement complex, especially in shear
zones, which were then recrystallized (Hadley and Goldsmith, 1963). The
final stages of the Acadian orogeny were characterized by later folding
and formation of mylonite zones in the basement rocks (Hadley and
Goldsmith, 1963). The final episode of deformation in the Elk River
complex occurred during the Alleghenian orogeny in the late Paleozoic and
was characterized by brittle faulting and folding of older thrust faults

(Bartholomew and Lewis, 1984).

The Elk River Complex ig highly deformed and has a minimum of two
principal sets of folds (Hadley and Goldsmith, 1963). To the south of
the preliminary candidate area, joints occur in staep, northeast-trending
sets that are spaced less than 0.3 m (1 ft) apart (Hadley and Goldsmith,
1963).

At lsast eight f__lts associated with the Greenbrier and Reactor

Branch fault systems occu~ within 10 km (6 mi) of the preliminary

3-582



candidate arez to the novtt- uwt. Twe . . r J.iiiis oucw) within 16 km

(6 mi, west and southwest of the candidats area (Hadley and Nelson, 1971)
(Figure 3-147b). Hadley and Nelson (1971) interpret the fault that is
located to the southwest as a high-angle reverse fault that is alceng the
contact of the Great Smoky Group and the basement complex. The fault
immediately west of the preliminary candidate area also occurs along the
contact between the Great Smoky Group rocks and the basement complex and,
therefore, probably shares the same geometry as the previously discussed
fault. The Greenbrier fault is a folded, low-angle thrust fauit that
probably formed about 450 million years ago during the Taconic orogeny
(Hadley and Gcldemith, 1963). The Greenbrier fault internally offsets
the basement complex and is part of a series of thrusts along which the
Elk River complex and its cover rocks were thrust to the northwest. The
Reactor Branch fault is part of this series of thrusts and, therefore, is

probably similar to the Greenbrier fault.

Estimates of regional unlift and subsidence are discussed in detail
in Section 3.2.3.1.1.3. Regiocnal data indicate recent upiift has
cccurred but there is a wide range of interpretations on the magnitudes
of uplift. HNo data are available for the preliminary candidate area;
therefore, until data are obtained, no conclusions can be drawn
concerning effects of uplift. There are in-situ stress data available

for the vicinity of the preliminary candidate area.

There is no evidence of Quaternary igneocus activity, folding,
faulting or subsidence within the geologic setting. Regional uplift data
suggest the possibility of active tectonic process, however, there
appears to be no significant potential for tectonic deformations that

could affect the regional ground water flow system.
3.2.3.6.3 Seismicity. One earchquake epicenter with an intensity of

K. IV (Bollinger, 1975: Reagor ot al., 1980a; Seay, 1979; Stover et al.,
1984) is located within 10 «m (é mi) of the preliminary candidate area

3-35



(Figure 3-143). Six s=:s®mic events Of [.. IV < greater and seven events
of MM III or less (Stover et ail., 1984) ara located within approximately
30 ¥m (18.6 mi) of the preliminary candidate area (see Figure 3-118 in
Section 3.2.3.1.1.3). The preliminary candidate area is located within a
region of relatively high seismicity which (see Figure 3-119 in Section
3.2.3.1.1.3) appears to be similar to that of adjacent areas. The
largest historical earthquake associated with this zone is an MM VII
which occurred on February 21, 1916, approximately 30 km (19 mi)

southeast of the preliminary candidate area near Skyland, North Carclina.

The major faults near the preliminary candidate area are discussed in
Section 3.2.3.6.2. There is no apparent relaticnship between the
observed seismicity and the known faults within or surrounding the

preliminary candidate area.

Although the level of seismic activity in the region is relatively
high, it is unlikely that future seismic activity would produce ground
motion in excess of reasonable design limits or could affect waste
containment or isolation, and it is unlikely that the frequency of

occurrence of earthquakes in the area will increase in the future.

3.2.3.6.4 Mineral Resources. There are five known mines of

strategic/metallic resources within 10 km (6 mi) of the preliminary
candidate area (Figure 3-150; Table 3-17). Two of these are inactive
lead-zinc and iron mines located about 8 km (5 mi) west of the
preliminary candidate area in close proximity to each cther (U.S. Bureau
of Mines, 1983). One is a chromite and iron prospect of unknown status
that is located 2 km (1.2 mi) east of the preliminary candidate area and
trhe others are an inactive soapstone-tungsten mine and an iron prospect,
hothi located 10 km (6 mi) northeast of the preliminary candidate area
{17.S. Bureau of Mines, 1983). There is no indication thai these
resources are present within L. preliminary candidate area, although
their location in a ver> similar geologi~ setting, in close proximity to

the preliminary candidate area, suggests the possibility that
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mineralization may be prese. . Turee . = - .uss, icrated more than
10 ¥m (6 mi) from the preliminary candida:=z area, were formerly the sites
for the recovery of manganese, barium, lead, silver, and iron ore

(Merschat, 1677; U.S. Bureau of Mines, 1983) (Figure 3-150, Table 3-17).

Based on the data presented in this section, no strategic, energy or
metallic, or energy-related resources are known to exist within the
preliminary candidate area. Numerous resources exist near the
preliminary candidate area and the geologic conditions of the preliminary
candidate area are similar to the surrounding area. There is no evidence
for mining to a depth sufficient to affect waste isoiation and no
information is available to indicate that deep drillholes (greater than
100 m [328 ft] in depth) are present in the preliminary candidate area.

Table 3-17. Mineral Resources Near Preliminary Candidate Area SE-5

Map Number
(Figure 3-150) Name Commodity Status
1 Unnamed Manganese Inactive
2 Long Mountain Barium, Lead, Silver Inactive
Barite Mine
3 Go forth Scapstone Tungsten, Soapstone Inactive
Mine
* Joe Ball Prospect  Iron Inactive
4 Leicester Chromite Chromite, Iron Unknown
Prospect
Big Ivy Mine Iron Inactive
Redmond Mine Lead, Zinc Inactive
*x Carpenter Bank Iron Inactive
Mine

Source: Merschat, 1977; _.3. Bur=2au of KMines, 1283

*Not located on map.



3.2.3.6.5 Topog—orky -3 Surfees-w. so .asracteilccics. The

preiiminary candidate area is characterized by linear ridges with sharp
crests and steep slopes, alternating with lew, relatively narrow
intermontane areags of rolling hills and stretches 0of bottomland along
principal rivers. The preliminary candidate area is approximately
centered on Newfound Mountain, which trends northwest-southeast.
Elevations within the preliminary candidate area range from 634 to
1,571 m (2,080 to 5,152 ft) (U.S. Tennessee Valley Authority, 1941;
1967¢). Local relief iz as much as 748 m (2,454 ft) over a distance of
about 4.8 ¥m (3 mi) (U.S. Tennessee Valley Authority, 1967a). Relief
averages about 519 m (1,700 ft) over an average distance of about 0.6 km
(1 mi) (U.S. Tennessee Valley Authority, 1941; 1942; 1961; 1967a; 1%67b;
1967¢). Floodplain widths range from less than 31 m (100 ft) along the
upper reaches of the streams to approximately 244 m (800 ft) near the
margins of the preliminary candidate area. Floodplains are generally

confined to V-shaped valleys.

The surface-water system within the preliminary candidate area is
characterized by a parallel drainage pattern that consists of several
creeks flowing northeast and southwest away from a central ridge
{(Newfound Mountain) (USGS, 1857a). Nertheast-flowing streams drain into
the French Broad River approximately 9 km (5.4 mi) downstream from the
preliminary candidate area. Southwest-flowing streams converge in the
southwesternmost portion of the preliminary candidate area and flow into
the Pigeon River downstream (less than 1 km or 0.6 mi) from the
preliminary candidate area (Figure 3-151). The Pigeon River flows
nerthwest to eventually merge with the French Broad River at a backwater
of Douglss Lake Reservoir, approximately 38 km (22.8 mi) northeast of the
preliminary candidate area. Creeks in the northwestern section drain
jnto Watersville Lake, approximately 6 km (3.6 mi) east of the
greliminary candidate arza. Thera are no sther large lakes or reservoirs

#ithin or near (withio ¢ ¥m {3 < 2i]) the preliminary candidate area.
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High topographiz relief, generally norcow fleodplains, v-shaped
valleys, and lack of any natural lakes/resorvoirs or swamps/marshes
indicate that the preliminary candidate area is very well drained.

Consequently, there is a very low flooding potential.

3.2.3.6.6 Ground-Water Rescurces. Regional ground-water data in the

Southeastarn Region are discussed in Section 3.2.3.1.1.5. Available data
in the preliminary candidate area do not allow differentiation between
preducing wells in saprolite and crystalline bedrock wells nor are water
level contour maps available for the preliminary candidate area. Water
well data were provided by the Division of Environmental Management of
the North Carolina Department of Natural Resources and Community
Development and are in the form of well yields. Figure 3-152 presents
the available well-yield data in the vicinity of the preliminary
candidate area. Eighty-five wells located within the Eilk River complex
average 1.87 L/s (29.6 gpm). Of these, 54 yield less than 1.26 L/s (20
gpm), 19 yield from 1.26 to 3.15 L/s (20 tc 50 gpm}, and 12 yield from
3.22 to 28.39 L/s (51 to 450 gpm). Only eight wells ranging in yield
from 0.2 to 3.8 L/s (3 to 60 gpm) are located within the prelininary
candidate area. Fifteen additional wells located within surrounding
units average 1.23 L/s (19.5 gpm). Of these eight yield less than 1.26
L/s (20 gpm), six yield from 1.26 to 3.15 L/s (20 to 50 gpm), and one
yields 3.79 L/s (60 gpm).

The well yield information indicates the presence of potable ground
water in the vicinity of the preliminary candidate area. The yields are
generally 1.26 to 3.15 L/s (20 to 50 gpm) with one well producing around
28.39 L/s (450 gpm). Specific relationships between lithslogy, structure
end well yields are not currently available. There are no data con the

feep ground-water system within tbe prsiiminary candidate area.
3.2.3.6.7 Quaternarv Climate. A discussion of Quaternary climatic

conditions, inecluding pa.eoclimatic conditicns, vertical crustal

movement, and changes in ses level, is in Section 3.2.3.1.1.1.
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3.2.3.6.8. Federn. '~ w: fiaquelified Tederal lands are locatex
in cr within 16 L o 1a% preiiminary candidate aea. However,
approximately 384 ha 94 _ - or leve . . . ¢f the va2liminary
candidate area lies within the Pisgah National Forest. A separate
segment of the Pisgah National Forest is locited 5 km (3 mi) to the south
of the preliminary candidate area. The Great Smoky Mcuntain MNational
Park is 11 km (7 mi) west of the preiiminary candidate area, while the
Blue Ridge Parkway is 13 km (8 mi) to the south at its closest approach.
The Shining Rock Wilderness also lies 13 km (8 mi) south of the
preliminary candidate area. All of these features are greater than
130 ha (320 ac) in size and are depicted in Plate 2A of the Southeastern
RECR (DOE, 1985h) (see also Figure 3-153). There is no evidence in the
data base that Federal lands less than 130 ha (320 ac) in size are

located in or within 10 km (6 mi) of the preliminary candidate area.

3.2.3.6.9 State Lands. No State lands greater than 130 ha (320 ac)
in size lie within the boundary of the preliminary candidate area. The
Great Smoky Mountain Natural Heritage Area is 13 km (8 mi) west of the
preliminary candidate area. This feature and other State lands which
occur in North Carolina are depicted on Plates 3A or 4A of the
Southeastern RECR (DOE, 1985h) (see also Figure 3-153). There is no
evidence in the data base of State lands less than 130 ha (320 ac) in

size located in or within 10 km (6 mi) of the preliminary candidate area.

3.2.3.6.10 Environmental Compliance. No portion of the preliminary

candidate area lies within current air quality nonattainment areas. The
closest Prevention of Significant Deterioration (PSD) Class I Area is the
Great Smoky Mountain National Park which lies approximately 11 km (7 mi)
to the west of the preliminary candidate area. The Shining Rock
Wilderness, another existing PSD Class I Area, lies approximately 13 km
{8 mi) to the south (42 FR 57460). One site on the National Register cf
Historic Places (NRHP) (No. 213 Metal Truss Bridge) may be located within
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ENVIRONMRE®.. .., FEATORL. Th17 10 K& 717 MI)
9F PRELIMINARY CANDIDATE AREA SE-5%

Code Feature

Population Features

P-1 Ashville Minor Civil Division

P-2 Woodfin Highly Populated Area (HPA)
P-3 Asheville HPA

P-4 Enka HPA

P-5 Canton HPA

P-% Waynesville HPA

Federal Lands

F-1 Pisgah National Forest

F-2 Appalachian Trail

F-3 Great Smcky Mountains National Park
F-4 Shining Rock Wilderness

F-5 Blue Ridge Parkway

State Lands

s-1 Great Smoky Mountains Natural Heritage
Area

indian Reservations

Hone

* The accompanying text .-sentifics only those environmental features
within 10 km (6 mi) of the preliminary candidate area.

Figure 3-153, Sheet 3
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the preliminary «o~%. - «~ =eundary in Buncombe County (4% R 17509,
1980). No proposed NRH¥ W3 - 23nh wirhdn bhe peelin,iaey candidate
areas. In the regional data base thare aze no known existing
archaeological sites or districts or any »roposed for decignation within
the preliminary candidate area. No National Trails are within the
preliminary candidate area. The Appalachian Trail is 10 km (6 mi) to the

northwest of the preliminary candidate area (NPS, n.d.).

3.2.3.6.11 Population Density and Distribution. The preliminary

candidate area contains no highly populated areas. There are five highly
populated areas within 16 km (10 mi) of the preliminary candidate area
(Asheville, Canton, Enka, Waynesville, Woodfin). Asheville, with a
population of 53,583, and Woodfin, with a population of 3,250, are
located 11 k¥m (7 mi) and 10 km (6 mi) east of the preliminary candidate
area, respectively. Canton is located 1.6 km (1 mi) south of the
preliminary candidate aree and has a population of 4,631. Enka is
located 4.8 km (3 mi) southeast and Waynesville is located 11 km (7 mi)
southwest of the preliminary candidate area, respectively. The
population of Enka is 5,567, while Waynesville has a pocpulation of 6,765
(see Figure 3-153). The preliminary candidate area contains no areas
with population densities greater than or equal to 1,000 persons per
square mile. There is one area (Asheville) of population density greater
than or equal to 1,000 persons per square mile within 16 km (10 mi) of
the preliminary candidate area (see Figure 3-153). Asheville is located
4.8 km (3 mi)* east-southeast of the preliminary candidate area and has a
population of 70,889%; it is also a highly populated area. The average
population density of the preliminary candidate area is approximately 76
persons per square mile. The average population density within 80 km

(50 mi) of the preliminary candidate area is approximately 89 persons per

* The difference ir population figures and in distance and direction from
the preliminary .ondidate area is due to the fact that the geographic
location and extent of th. Liighly populated area of Asheville is
different than the atsa defined by a density of 1,000 persons per
square mile.



square mile. Low - - ‘euaity is defined as a dersity in the
general region of the sitc .uss chan . =u7 awgs pogtlition density for
the conterminous United States (76 persons per square mile) based on the

1980 census.

3.2.3.6.12 Site Ownership. There are no DOE-owned lands loceated
within the preliminary candidate area, but less than 2% of the
preliminary candidate area lies within the Pisgah National Forest. The
Cherokee Indian Reservation is approximately 24 km (15 mi) to the west of

the preliminary candidate area (see Plate SE-14).

3.2.3.6.13 Offgite Installations. No commercial nuclear reactors are

located within the preliminary candidate area. The nearest operating
cormercial nuclear reactor is Cconee Station which is azpproximately 297 km
(60 mi) to the south (Wamsley, 1985; Electrical World Direciory of
Electric Utiiities, n.d.). The nearest commercial nuclear reactor under
congtruction is McGuire Unit No 2 which is approximately 161 km (100 mi)
to the east in Tennessee (Wamsley, 1985). There are no other known
nuclear installations or operations that must be considered under the
requirements of 40 CFR 191, Subpart A, within or in proximity to the

prelimirary candidate area.

3.2.3.6.14 Trangportation. I40 is the nearest interstate highway and

is located from 1.6 to 6 km (1 to 4 mi) away from the southern and
western sides of this preliminary candidate area. This interstate is a
major east-west highway across the United States. 126, which connects
Asheville, North Carolina, with Charleston, South Carolina, is within

13 ¥m (8 mi) of the southeastern edge of the preliminary candidate area.
A number of U.S. highways (U.S. 19, 23, 25, 70, and 276) are located
within 16 km (10 mi) of the preliminary candidate area. U.S. 25/70 is
rorth and east of the preliminary candiaate area, U.S. 19722 is east and
south of the prelimi...ry candidate area, and U.S. 276 is southwest of the
preliminary candidate are . Two State highways cross the mountains over

this preliminary candidate area. State Route 209 {shown as a straight
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1line) runs north and south through the westzin portion of the preliminary
candidate area. State Route 63 (not shown on the plot) traverses the
preliminary candidate ares diagonally, between Asheville and State Route

209 in the northwestern portion of the preliminary candidate area.

The nearest mainline railroad is the Secuthern line that follows the
French Broad River between Asheville, North Carolina, and the Tennessee
state line. This railrcad is from 8 to 13 km (5 to 8 mi) northeast of
the preliminary candidate area. The nearest branchline is a Southern
line between Asheville and the southwestern part of North Carolina. This
line is located from 3.2 to 8 km (2 to 5 mi) to the south of the

preliminary candidate area.
Based on the data presented above, access to the preliminary
candidate area from both local and regional highway and railway systems

appears to be available.

3.2.3.6.15 Preliminary Candidate Area Deferral Analysis. This

section identifies significarnt additional information (specified in
Section 3.2) not directly incorporated into Steps 1 through 3 on
preliminary candidate area SE-5 that could affect DOE;s decision to defer
further consideration of the ares. Based on evaluation of this
additional available information, the area exhibits the following

favorable characteristics:

e presence of host rock with sufficient thickness and lateral
extent to allow significant flexibility in selecting the
dapth, configuration, and location of the underground
facility to ensure isolation [960.4-2-3(b) (1),
960.5-2-9(b) (1), 960.5-2-3(e}(1)]

e presence nf host rock that permits emplacemenc of waste at
least 300 m (1,500 cc) below ground surface [960.4-2-5(b)(3)]

e low potentic) for teztonic deformaticns suggests that the
regional ground-water flow system should not be significantly

affected [960.3-2-7(c)(6)]
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absence of ac. Frelrir~ rithin the genls, . ¢ seiting
[96C.5-2-i2{e3{1)}

absence of histerical earthquakes of a magnitude and
intensity that, if they recurred, could affect waste
containment or isclation [960.4-2-7(c)(2)]

no indicaticns, based on correlaticns of earthquakes with
tectonic processes and features, that the frequency of
earthquake occurrerice within the geclogic setting may
increase [960.4-2-7(c)(3)]

the frequency of occcurrence or magnitude of earthquakes
within the geoleglic setting are no higher than within the
region [960.4-2-7(c)(4)]

absence of histerical earthquakes that, if they recurred,
could produce ground motion in excess of reascnable design
limits [960.5-2-11(c)(2)]

absence of evidence, based on cerrelaticns of earthquakes
with tectonic processes and features within the geclegic
setting, that the magnitude of earthquakes during repository
construction, operaticn, and closure may be larger than
predicted from historical seismicity [960.5-2-11(¢)(3)1}

no evidence of subsurface mining or extraction for resources
that could affect waste containment or isclation
{960.4-2-8-1(c){2)]

no evidence of drilling to a depth sufficient te affect waste
containment or isolation [960.4-2-8-1(c¢c)(3)1}

no evidence of significant concentrations of any naturally
accurring material that is not widely available from other
gources [960.4-2-8-1(2)(4)]

presence of generally well-drained terrain [960.5-2-8(b)(2)]
general absence of surface characteristics or surface-water
systems that could lead +o flcoding [960.5-2-8(c),
960.5-2-10(b)(2)}

located within a gouviogic setting in which climatic changes
have had 1lit:’s effect on the hydrolczic system throughout
the Quaternary Period [960.4-2-4(b)(2)]
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e absance Ui sregeral lands i=2.s than 130 ha (320 n¢) within and
in proximity to (i.e., within 10 km or 6 mi of) the
preliminary candidate area [960.5-2-5(¢)(3)]

e absence of State lands less than 130 ha (320 ac) within and
in preximity to (i.e., within 10 km [6 mi] of) the
rreliminary candidate area [960.5-2-5(c)(4)]

¢ absence of nuclear installations [960.5-2-4(b) and (c)(2)}

¢ no projected land ownership conflicts that cannot be
successfully resolved through voluntary purchase-sell
agreements, nondisputed agency-to-agency transfer of title,
or Federal condemnation proceedings [960.4-2-8-2{c},
960.5-2-2(c)}

e aveilable access to the natioral transportation system
through regional highways and railroads and through lececal
highways and railroads [860.5-2-7(b)(2), 960.5-2-7(b){(3)1}.

The preliminary candidate area zlso exhibits the following character-
istics which could detract from repository siting and performance in the

absence of further evaluation:

e evidence of active tectonic uplift [960.4-2-7(c)(1)]

e presence of shallow ground-water resources that could be
economically extractable in the foreseeable future
[860.4-2-8-1(c)(1)(i)]

e steep, rugged terrain within the preliminary candidate area
and between the preliminary candidate area and existing local
highways and railroads [960.5-2-7(c}{(2)}]

e proximity to two PSD Class I Areas [960.5-2-5(c)(1)]

e a majority of the preliminary candidate area is within 16 km
(10 mi) of highly populated areas or areas containing more

than 1,000 persens per square mile {960.5-2-37¢)(2)]
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The resuiis indicate .’ “tiare ara re significant a” sozs faatures
identified to dat» tha: woula preciude o(. from canducting further study
of this area as a candidate for repository s¢iting. In addition, many
favorable characteristics have been identified in the area. Therefore,
on balance, there is no basis for deferral of preliminary candidate area
SE-5 at this time.
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3.2.3.7 Preliminary ¢an” Arczs Degeription - Lithoen': Tznzise (SE-6)

Preliminary candidate area SE-6 is located within the Piedmont
physiographic province of central Georgia in Gwinnett and Walton
Counties, at approximately 33050' N latitude, 83055' W longitude
(Figure 3-154a).

3.2.3.7.1 Host Rock Geometry end QOverburden Thickness. The

preliminary candidate area has an area of approximately 174 km2
(67 miz) with a mapped length of i9 km (11.8 mi) and a width of 12 km
(7.4 mi) and overiies the Lithonia gneiss (Figure 3-154a).

Detailed information on the thickness of the Lithonia gneiss is
lacking. Hecrrmann (1954) illustrates the Lithonia gneiss on his cross
section as extending to at least 366 m (1,200 ft) below land surface
(Figure 3-154b) with no other lithologies beneath it.

Available water well casing-depth data in the vicinity of the
preliminary candidate area are given in Figure 3-155. No casing-depth
data are presently available within the preliminary candidate area.

Based on three data points, the average thickness of saprolite within the
Lithonia gneiss is 9.75 m (32 ft). Well data were supplied by the
Georgia Department of Natural Resources (1982). The specific lccation
and distribution of areas of rock exposure are presently unknown;
however, mappable exposures are fairly extensive (Higgins and Atkins,
1981).

On the basigs of the limited data presented above and the assumed
depth and size of a repogitory in crystaliine rock (see Section 1.5), the
hoet rock underlying the preliminary candidate area is sufficiently thick
and laterally extensive to allow szignificant flexibility in selecting the
dapth, configuration, and location for the underground faciiity to ensure

-~aste isolation.
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3.2.3.7.2 Lithology 'ss.. teiiizs e opelininary candidate area

overlies the Lithunia gnsiss, a fine-tc melium--grained,
bictite-microcline-oligoclase-quartz gneiss with a well-developed,
commonly contorted fcliation (Higgins and Atkins, 1981). The gneiss
commonly exhibits promnounced compositional banding defined by
granoblastic gquartz-feldspar layers alternating with open, discontinuous,
mica-rich zones (Grant st al., 1980). Coexisting with the banded gneiss
are areas of granitic rock and migmatite. The granitic rocks exhibit
varying degrees of discontinuity with the gneiss and exist in both
flow-like structures parallel to the foliation of the gneiss and in

cross-cutting, vein-like patterns (Grant et al., 1980).

The Lithonia gneiss crops out of the southeast flank of the
Newnan-Tucker synform (Higgins and Atkins, 1981). Surrounding rocks
include gneisses and schists of the Atlanta Group (Higgins and Atkins,
1981) and unnamed gneisses and schists. Hermann (1954) interpreted the
Lithonia gneiss as a metasedimentary rock whose original character had
been obliterated by subsequent metasomatisn. Higgins and Atkins (1981)
offered no interpretation but stated that the Lithonia gneiss may be a
metaplutonic intrusive. Grant et al. (1980) interpreted the granitic and
migmatitic phases of the gneiss as zones of metamorphic anatexis and

metatexis, respectively, of the parent banded gneiss.

Folds in the Lithonia gneiss range from slight undulations in the
banded gneiss to complexly contorted flow folds (Hermann, 1954). These
variations commonly occur over distances of only a few meters (feet).
Axes within the flow folds vary greatly in trend but generally plunge
gently to the northeast or southwest (Herrmann, 1954). Because the
complex structures in the Lithonia gneiss are not observed in surcounding

rocks, the nature and significance of these folds remain controversial.

Aiggins et al. (19P4) interpreted the Lithonia gneiss and surrounding

izthologic units as individuai thrust sheets constituting a regional
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thrust stack that represie:n W e LIDnl nemous mass teocbeaicaily

transported to its rresent position.

A series of en echelon shear zones is located south-southeast and
within 10 km (6 mi) of the preliminary candidate area (Figure 3-154a).
The age of last movement for the shear zcne is not known. The Brevard
zone occurs approximately 15 km (9 mi) to the northwest of the
preliminary candidate area. The time of the last movement along the
Brevard zone occurred prior to the postmetamorphic period (McConnell and
Abrams, 1984) and is interpreted to have occurred prior to the Mesozoic

Period (Bryant and Reed, 1970).

Small-scale ductile shearing is ubiquitous in the Lithonia gneiss.
The shear zcnes extend up to 3.05 m (10 ft) in length and are generally
nc more than 5.1 em (2 in) in width (Herrmann, 1954). The shear zones

are late deformational features (Herrmann, 1954).

Although compositional banding and foliation are well developed in
the Lithonia gneiss, they are commonly so contorted that no overall trend

is discernible (Higgins and Atkins, 1981).

Jointing does not appear to be well developed in the Lithonia gneiss,
which may explain the abundance of pavement exposures. Data supplied in
Herrmann®’s (1954) peper suggest no definite irend to the jointing that is

present.

Estimates of regional uplift and subsidence are discussed in detail
in Sections 3.2.3.1.1.3. Regional data indicate recent uplift has
occurred, but there is a wide range of interpretations on the magnitudes
»f uplift. No data are available for the preliminary candidate area;
therefore, until data are obtained, i conclusions can be drawn
concerning effects .. uplift. There are no in situ stress data available

for the vicinity of the ~~eliminary candidate area.
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There is 7o &viloace - tepnury ispeous activiiy, *oidting,
faulting, or subrgsiden : <itii.u thie geoiog.c sziling. Regional uplift
data suggest the possibility of active tectonic process; however, there
appears to be no significant potential for tectonic deformations that

could affect the regicnal ground water flow system.

3.2.3.7.3 Seismicity. The preliminary candidate area is located
within a region of relatively low seismicity (see Figures 3-118 and
3-119a in Section 3.2.3.1.1.3). No earthquakes have been reported within
30 km (18.6 mi} of the preliminary candidate area. The largest
historical earthquake associated with this region is an MM VI which
occurred March 5, 1914, in Morgan County, approximately 60 km (37 mi)

scutheast of the preliminary candidate area.

Major faults are discussed in Section 3.2.3.7.2, Lithology and
Tectonics. There does not appear to be any seismicity associated with

these structures.

Considering the low level and magnitude of seismic activity in the
region and the absence of active tectonic processes within the geologic
setting during the Quaternary Period, it is unlikely that future seismic
activity would produce ground motion in excess of reasonable design
limits or could affect waste containment or isolation, and it is unlikely
that the frequency of occurrence of earthquakes in the area will increase

in the future.

3.2.3.7.4 Mineral Resources. No strategic, metallic, or

energy-related rescurces occur within the preliminary candidate area.
Two gold mines cccur within 10 km (6 mi) of the candidate area

(Table 3-18 and Figure 3-156). Both of these deposits are confined to
2o:ks outside of the Lithonia gneiss; therefore, the potential for
discovery and development of these types of deposits within the

7 .eliminary candidete asea is &v . _mely low.
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Table 3-18. Mirer. sescurez: * o Sindidets zrea SE-6

Map Number Name Commodity Status
(Fig. 3-156)
tUnnamed Gold Unkrnicwn
2 Thompson Placer Gold Inactive

Source: Pardee and Park, 1984: Furcron, 1969.

Based on the data presented in this section, there are no known
strategic, metallic, or energy-related mineral resources within the
preliminary candidate area. There is no evidence for mining to a depth
sufficient to affect waste isolation and no information is available to
indicate that deep drillkoles (greater than 100 m {328 ft] in depth) are

present in the preliminary candidate area.

3.2.3.7.5 Topography and Surface Water Characteristics. The

preliminary candidate area is characterized by broad, ‘flat areas of
gently rolling or sloping topography, dissected by stream valleys
creating areas of locally high relief. Elevations within the preliminary
candidate area range from 226 to 354 m (740 to 1,160 ft) over an area of
174 km2 (67 miz) (USGS, 1964a; 1964c; 1964e; 1964f). Locally, relief
ranges up to 73 m (240 ft) (USGS, 1953a). The average relief is about 45
m (150 ft) and is concentrated along the stream valleys. Floodplains are
typically moderately wide, with an average width of 153 m (500 ft);
however, the Alcovy River has a wide floodplain (up to 397 m {1,300 ft])
in the area where Bay Creek joins it, and marshes have developed along
hotn bodies of water in this area (USGS, 19624a).

The surface-water svetem within the preliminary candidate area is a

characterized by a dendriti. drainage pattern that is dominated

3-611



by the Alcovy River an® [+ celbutariz n ¥z nirtherr part and by

Big Haynes Creek and its tributaries in the southern part

(Figure 3-157). The principal surface 4Arzinage is to the southeast. Big
Haynes Creek drains into the Yellow River about 14 km (8.4 mi) south of
the preliminary candidate area (USGS, 1953a). There are no large lakes
or reservoirs within or near the preliminary candidate area (USGS, 1953a;
1953b; 1954; 1958). The nearest large lake or reservoir is Jackson Lake,
which is about 36 km (22 mi) to the south of the preliminary candidate
area. Small (about 6 ha [15 ac] or less) impoundments are present
throughout the preliminary candidate area (USGS, 1964a; 1964c; 1964e;
1967f).

The data in this section indicate that the preliminary candidate area
has locally high relief and moderately wide floodplains. The absence of
wetlands along all rivers except the Alcovy River indicate that the
candidiate area is predominately well drained and the flooding potential

is low.

3.2.3.7.6 Ground Water Resources. Regional ground-water data

availsble in the Southeastern Region are discussed in

Section 3.2.3.1.1.5. Available data for the preliminary candidate area
does not allow differentiation between saprolite-producing wells and
crystalline bedrock wells nor are water level contour maps available for
the preliminary candidate area. Well data were supplied by the Georgia
Department of Natural Resources (1982) and compiled from Hydroleogic Atlas
12 (Arora, 1984). Figure 3-158 presents the available well-yield data in
the vicinity of the preliminary candidate are2a. Sixty-six wells located
within the Lithonia gneiss average 5.03 L/s (79.7 gpm). Of these, five
yield less than 1.58 L/s (25 gpm), 26 yield from 1.58 to 3.15 L/s (25 to
50 gpm), and 35 vield from 3.22 to 21.96 L/s (51 to 348 gpm). Only eight
wells ranging in yield from 1.¢ to 12.6 L/s (30 to 200 gpm) occur within

preliminary candidcte area. 3ixty additional wells located within



ey

. R A e

Explanaiion
~~— " Rock body boundary Zo -
a1
["} Preliminary candidate 2rea lz 25 15 mi
=D Lakes and/or reservoirs
~——"  Streams and/or rivers ‘/
S

Swamps and/or marshes

Source: U.S.G.S. survey, 1953a; 1953b; 1954; 1958

T—
A - 7/ e iookm
toLithory | G’: m
o x

i
\ Area of
¢nlar9¢ment
33" N
~
\‘, GEORGIA \.‘
w\L + +
W
S v
sac T3]

Surface Water Chargetaristics
Lithonia Gneiss (SE-€)

Figure 3157

3-613



oot

: - e
ten Scals T TR T e et 1
€ ’_;i"‘ﬁ? km \ Litioma L ‘\-\ DL R Soms
") &y R X_
50 ! Ty, —a— |34, <.
A Explanation 7 \ i \.
~—— Rock body boundary / \ emargement N\
T . / 32 + S
Lod Preiiminary candidate area / \\
%A Well location and / o GEORGIA
5 A23 yield (gpm) 100 3o L -+ -+
19 a Scurce: Arora, 1984; Well data supplied by , 30 A \|
A Georgia Dupartment of Natural / a ! .
Resources, 1982 :ne&.. a.2 Z
! 106 30 c_t.____7F
/ A 84° )

140% 225
~ 180 _~—\20
\20 10059/‘"\'&
26 AN~ 50
A

ry &5
50

Wel! -Yield Data
Lithonia Gneiss{SE-6)

Figure 3—-158.

|



surrounding units average 3.90 L/s (61.8G gpu). Of these, 19 yield less
than 1.58 L/s {25 gpm), 20 yield from 1.58 to 3.15 L/s (25 to 50 gpm),
and 20 yield from 3.22 to 22.71 L/s (51 to 360 gpm).

The well yield information indicates the presence of potable ground
water within the preliminary candidate area. Specific relationships
between lithology, structure and well yields are not currently
available. There are no data on the deep ground water system within the

preliminary candidate area.

3.2.3.7.7 Quaternary Climate. A discussion of Quaternary climatic
conditions, including paieoclimatic conditions, vertical crustal

movement, and changes in sea level, is in Section 3.2.3.1.1.1.

3.2.3.7.8 Federal Lands. There are no Federal lands greater than
130 ha (320 ac) in size lecated either in or within 10 km (6 mi) of the
preliminary candidate area. Federal lands which do occur in Georgia are
depicted in Plate 2B of the Southeastern RECR and Appendix A of that
raeport (DOE 1985h)}. There is no evidence in the data base of any Federal
lands less than 130 ha (320 ac) in size located in or within 10 km (6 mi)

of the preliminary candidate area.

3.2.3.7.9 State Lands. There are no State lands within the boundary
of the preliminary candidate area. Fort Yargo State Park lies
approximately 8 km (5 mi)} east of the preliminary candidate area. The
Rockdale County Natural Area is approximately 2 km (1 mi) south of the
preliminary candidate area. These features are greater than 130 ha
(326 ac) in size and are either depicted on Plates 3B or 4B of the
Southeastern RECR (DOE, 1985h). There is no evidence in the data base of
:ny State lands less than 130 ha (320 ac) in size located in or within

70 km (6 mi) of the preliminacy candidate area.
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In summary, two Statwe r. . (uoln “Bic* zre greaster than 130 ha
{320 acj are within 310 km (6 mi) of the puelininary candidate area, and
no State lands are located within the prelininary candidate area (sze

Figure 3-159).

3.2.3.7.10 Environmental Compliance. Part of the preliminary

candidate area lies within current air quality nonattainment areas.
Gwinnet County is a nonattzainment area for ozone and covers approximately
30% of the preliminary candidate area (EPA, 1984). Mobile sources such
as automobiles, trucks, and buses are the primary contributors to the
nonattainment status for gome. There is no Prevention of Significant
Deterioration (PSD) Class I Ares within 40 km (25 mi) of the preliminary
candidate area. Two sites on the National Register of Historic Places
(NRHP) are located within the preliminary candidate area boundary near
the town of Between. These sites are Briscoe's Store {49 FR 4677, 1984)
and James Berrier Upshaw Homeplace (50 FR 8904, 1985). No proposed NRHP
exist within the preliminary candidate area. In the regional data base,
there are no known existing archaeological sites or districts or any
proposed for designation within the preliminary candidate area. No
National Trails are within 40 km (25 mi) of the preliminary candidate

area.

3.2.3.7.11 Population Dengity and Distribution. The preliminary

candidate area contains no highly populated areas. There are nine highly
populated areas within 16 km (10 mi) of the preliminary candidate area
{Buford, Conyers, Lawrenceville, Lilburn, Monrce, Mountain Park,
Snellville, Social Circle, and Winder) (see Figure 3-159). Monroe, with
a population of 8,854, and Winder, with a population of 6,705, are
located S km (3 mi) and 10 km (6 mi) east of the preliminary candidate
area, respectively. Lawrenceville and Snellville are both lccated 2 km
{1 mi) west of the preliminary candidaie area and have populations of
8,928 and 8,514, rosi.stively. Lilburn and Mountain Park, with
populations of 3,765 and ¢ 425, respectively, are both located 14 km

(9 mi) west of the prelinunary candidate area. 3uford, with a population

of 6,697, is located 10 km (6 mi) northwest of the preliminary candidate
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area; Conyers is locateu i kim {8 mi, soui'.sest cf the prelimirary
candidate area and has a population of 6,567. Social Circle, which is
located 14 km {9 mi) southeast of the preliminsary candidate area, has a
population of 2,591. The preliminary candidate area contains no areas
with population densities greater than or equal to 1,000 perssns per
square mile. There is one area of population density greater than or
equal to 1,000 personc per square mile within 16 km (10 mi) of the
preliminary candidate area (see Figure 3-159). Stone Mountain (which is
en the eastern fringe of the greater Atlanta Metrcpolitan Area) has a
population of 22,611 and is located 14 km (9 mi} west of the preliminary
candidate area. The average population density of the preliminary
candidate area is approximately 108 persons per square mile. The average
population density within 80 km (50 mi)} of the preliminary candidate zarea
is approximately 261 persons per square mile. Low population density is
defined as a density in the general region of the site less than the
average population density for the contermincus United States (76 persons

per square mile) based on the 1980 census.

3.2.3.7.12 site Ownership. There are no Federal or DOE-owned lands
loccated within the preliminary candidate area. The Cherokee Indian
Raservation is located approximately 120 km (75 mi) north of the

preliminary candidate area (see Plate SE-1B}.

3.2.3.7.13 Offsite Installations. No commercial nuclear reactors

are located within the preliminary candidate area. The nesrest operating
commercial nuclear reactors is Oconee Station which is approximately

113 km {70 mi) to the northeast (Wamsley, 1985; Electrical World
Directory of Electric Utilities, n.d.). The nearest commercial nuclear
reactor under construction is the Alvin W. Vogtle Electric Generating
Piaat which is approximately 194 km (12% mi) to the southeast

(Wainsley, 1985). Thers are no other known nuclear installatizas or
or-orations that must be consider:_ under the requirements of 40 CFR 191,

Subpart A, within or in pr-vimity to the pr«liminary candidate area.
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3.2.3.7.14 Transpo.. - 55, whizh is located 2.6 km (6 mi)
north of the =rz:, L. cauc awt Interstate highwey., I?Y iz 17.6 km
(11 mi) southk of the »~-~z. _.3%. 72 pass¢ cbrough tha ceantral portion of

the preliminary candidate area. U.S. 29 is located within 1.6 km (1 mi)
of the northern edge. Only one State highway is shown on the map. This
is State Route 138 which runs between Monroe, Georgia (near the eastern
side of the ares) and I20. State Routes 20 and 81, which are not shown

on the map, also traverse the area.

Two mainline railroads are near this asrea and both are part of the
Seaboard System. The main route between Atlanta and Richmond, Virginia,
is located within 3.2 ¥m {2 mi) of the northern edge of the preliminary
candidate area. Ancther mainline between Atlanta and Augusta is 14.4 km
{9 mi) southwest of the preliminary candidate area. The only branchlins
near this area is the line connecting Monrce, Georgia, with the
Atlanta-Augusta mainline. This line terminates about 8 km (5 mi) east of

the preliminary candidate area.

Based on the data presented above, access to the preliminary
candidate area from both local and regional highway and railway systems

appears to be available.

3.2.3.7.15 Preliminary Candidate Area Deferrsl Analysis. This
section identifies significant additional information (specified in

Section 3.2) not directly incorporated into Steps 1 through 3 on
preliminary candidate area SE-6 that could affect DOE's decision to defer

further considerations of the area.

Based on evaluation of this additional available information, the

area exhibits the following favorable characteristics:
e presence of host rock with sufficient thickness and lateral

extent to aliow significant flexibility in selezting the

dapth, configuraticr 2nd location of the underground
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faciliry - .mucation [960.4-2-3(b) (1),
960.5-2-9(b){1Y, - 3.5-2-H1, . 1}

presence of host rock that perm’is emplacement cof waste at
least 300 m (1,000 ft) below ground surface [960.4-2-5(b)(1)]
low potential for tectonic deformations suggests that the
regional ground-water flow system should not be significantly
affected [960.4-2-7(c)(6}]

abgence of active faulting within the geolcgic setting
[960.5-2-11(c)(1)]

absence of historical earthguakes of a magnitude and
intensity that, if they recurred, could affect waste
containment or isolation [960.4-2-7(c)(2)]

no indications, based on correlations of earthquakes with
tectenic processes and features, that the frequency of
earthquake occurrence within the geologic setting may
increase [960.4-2-7(c)(3)]

the frequency of occurrence or magnitude of earthquakes
within the geolegic setting are no higher than within the
region [960.4-2-7(c}(4)]

absence of historical earthquakes tha:t, if they recurred,
could produce ground motion in excess of reasonable design
limits [960.5-2-11(¢)(2)]

absence of evidence, based on correlations of earthquakes
with tectonic processes and features within the geologic
setting, that the magnitude of earthquakes during repository
construction, operation, and closure may be larger than
predicted from historical seismicity [960.5-2-11(¢)(3)]

a0 evidence of subsurface mining or extraction for resources
that could affect waste containment or isolation
[960.4-2-8-1(c)(2)]

no evidence of drilling to a depth sufficient to affect waste
containment or isolation [%60.4-2-8-1(c){3)]

no evidence of siganificant concentrations of anv naturally
occurring mate .zi that is not widely available from other
sources [960.4-2-8-1(c)(4)]
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® presence of v+ iy Jige terrain [960.5-2-8(b)11);
@ PIeTLiic® o Ke. o v well-drained ter—uin {(28° .5-2-R(b)(2;]
e general abi~ris ol zurface chz.acteristiecs or surface-water

systems that could lead to flooding [960.5-2-8(c),
960.5-2-10(b)(2)}

e located within a geologic setting in which climatie changes
have had little effect on the hydrologic system throughout
the Quaternary Period [960.4-2-4(b)(2)]

e absence of Federal lands less than 130 ha (320 ac) within and
in proximity to (i.e., within 10 km [6 mi] of) the
preliminary candidate area [960.5-2-5(¢)(3)]

® absence of State lands less than 130 ha (320 ac) within and
in preximity to (i.e., within 10 km [6 mi] of) the
preliminary candidate area [960.5-2-5(c)(4)1]

e absence of nuclear installations [960.5-2-4(b) and (¢)(2)]

e no projected land ownership conflicts that cannot be
successfully resolved through vcluntary purchase-sell

agreements, nondisputed agency-to-agency transfer of title,

or Federal condemnation proceedings [960.4-2-8-2(c),
960.5-2~2(c) ]

e gavailable access to the national transportation system

through regional highways and railroads and through local
highways and railroads [960.5-2-7(b)(2), 960.5-2-7(b)(3)].

The preliminary candidate area also exhibits the following
characteristics which could detract from repositeory siting and

performance in the absence of further evaluation:

e evidence of active tectonic uplift [980.4-2-7(c)(1)]

e opresence of shallow ground-water resources that could be
eccnomically extractable in the foreseeable future
[960.4-2-8-1(c)(1)(i)]




S ERT gl i . cencidalte urea is within 186 ®m (10 mi) of
highly »ertlzl: % awense ar . Cus concaluning, more than 1,000

persons per square mile [96(.5-2-1(b)(2) and (c)(2)}.

The results indicate that there are no significant adverse features
identified to date that would preclude DOE from conducting further study
of this area as a candidate for repository siting. In addition, many
favorable characteristics have been identified in the area. Therefore,
on balance, there is no basis for deferral of preliminary candidate area

SE-6 at this time.
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3.2.3.8 Preliminary Candicdz’- area Desec. . lii - WoodisnZi Gneiss Complex

(SE-7)

Preliminary candidate area SE-7 is located within the Piedmont
physiographic province ¢f southwestern Georgia in Upson, Monroe, and
Lamar Counties, at approximately 33° N latitude, 84° W longitude (see

Figure 3-1603a).

3.2.3.8.1 Host Rock Geometry and Overburden Thickness. The
preliminary candidate area overlies the Woodland gneiss and has an area
of 556 km2 (214 miz) with a mapped length of 43 km (26.7 nmi) and a
width of 18 km {11.2 mi) (Figure 3-160a).

The lithologic units that make up the Woodland gnsiss are all part of
a Grenville-age basement complex that is exposed within an erosional
window bounded by the Towaliga and Goat Rock faults (Figure 3-160a)
(Georgia Geologic Survey, 197S5; Schamel and Bauer, 1980; Sears and Cook,
1984). Interpretations regarding the structural configuration of rocks
within this erosional exposure vary, but cross sections show gneissic
rocks extending at least 5 km (3.1 mi) beneath the surface

(Figure 3-160b) (Schmael and Bauer, 1980; Sears and Cook, 1984).

Water well casing depth data, from which overburden thickness is
estimated, are presently unavailable for the preliminary candidate area.
The location and distribution of areas of direct rock exposure are
presently unknown; however, mappable exposures are expected to be fairly

extensive (e.g., Higgins & Atkins, 1981).

6n the basis of the data presented above and the assumed depth and
cige, of a repository in crystalline rock (see Section 1.5), the host rock
underlying the preliminary candidate area is assumed to be sufficiently
thi_k and laterally extensive to ~}low significant flexibility in
selecting the depth, configu.ation, and location of the underground

facility to ensure isolation.
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3.2.3.8.2 Litholnev i” Tectonies. Lz wocks undi~arilying the

preliminary candidate area include the Woodiand gneiss, Jeff Davis granite,
Cunningham granite, undifferentiated Manchest:r and Sparks schists,

undifferentiated granitic gneiss, and hornblende gneiss (Figure 3-160a).

The Woodland gneiss consists predominantly of biotite-garnet crthogneiss
and feldspathic and migmatitic augen gneiss with zones of intense shearing
(Schamel et al., 1980; Sears and Gook, 1984). The rocks have a fine- to
medium~-grained ground magss with augen up toc 6 mm {0.234 in) long (Sears and
Cook, 1984). The foliation varies from absent to blastomylonitic (Schamel
and Bauer, 1980).

The Jeff Davis granite constitutes approximately 75% of the preliminary
candidate area and consists of fine-grained leucocratic charnockite that
displays moderate to strong foliation (Clarke, 1952; Sears and Cook, 1984).
Mafic xenoliths are commonly flattened (Sears and Cook, 1984). Locally, the
charnockite has been strained to a porphyroclastic gneiss with mafic
schlieren (Sears and Cook, 1984). Contacts with the Woodland gneiss are

generally concordant and locally discordant (Clarke, 1952).

The Cunningham granite consists of charnockite that contains mafic
xenoliths (Sears and Cook, 1984). 1t varies from fine to medium grained and

from massive to weakly foliated (Sears and Cook, 1984).

Although not recognized during detailed field mapping (Schamel et al.,
1980; Schamel and Bauer, 1980; Sears and Ccok, 1984; Stieve, 1984), the
Geologic Map of Georgia (Georgia Geolegic Survey, 1976) indicates that a
small section (less than 10 kmz [4 mizl) of the preliminary candidate
area is overlain by an undifferentiated metasedimentary cover sequence

consisting of the Sparks schist and Manchester schist.
The Sparks schist rests no-~~zformably on the Woodland gneiss and

consists of interbedded fe.dspar augen schist, layered paragneiss, aluminous

schist, and quartzite (Schamel and Bausr, 1980). The Hollis quartzite occurs
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between tne Sparkg san- T 0 - awnlsts and ranges frem 12 Lo 250 m (32.3
to 820 ft) (Schamel and Baver . .388,. i.. 2n:lississ cohist consists of
thick., aluminous, garnet-(kyanite)-biotite-miiscuovite schist that is, in part,

graphitic and commonly contains thin quartzite beds (3chamel and Bauer, 1980).

The remaining rocks in the area include granitic gneiss and hornblende
gneiss (Georgia Geologic Survey, 1976) that have not been studied or mapped

in detail.

The Woodland gneiss complex is a Grenville-age {about 1,100 million
years old) basement complexlthat is overlain by metasediments of varying
compositional maturity (Schamel et al., 1980). The Woodland gneiss compiex
may be a remobilized section of continental crust that was partially rifted
from the early Paleozoic continental margin (Schamel and Bauer, 1980).
During this event, the complex was metamorphosed to granulite-grade. During
the major Paleozoic metamorphic events, the basement-cover sequence was
transported, overridden, complexly folded, and arched into a series of large
antiformal and nappe structures that are overturned to the northwest (Schamel
and Bauer, 1980). The complex has been metamorphosed to the middle to upper
amphibolite facieg. The Jeff Davis granite is exposed in the core of one of
the nappes (Sears and Cook, 1984) and, therefcre, may be the oldest unit in
the Woodland gneiss compiex. All of the rocks have experienced late

Paleozoic brittle deformation.

Two major faults cccur within 10 km (6 mi) of the preliminary cendidate
area (Figure 3-160a). These include the Towaliga fault to the northwest and
the Goat Rock fault to the southeast. The Towaliga fault is a
postmetamorphic fault that digsplaces the base of the Piedmont allochthon.
The Towaliga fault appears as a zone of silicified breccia. Locally, the
Towaliga fault is cut by a diabase dike, indicating that the last movement
alorg the fault occurred prior to the Triassic (Schamel et al., 1980).

The Goat Rock faulc bounds the southeastern margin of the Woodland
gneiss complex and is marked Uy zones of amylonite that may be up to 1 km
(0.62 mi) thieck. The Goat Kock fault probubly last moved during the late
Paleozoic (Schamel et al., 1986G).

3-629



Estimates of regicne: T: -pd wwrsidence ure nol oz ozgeecific and

are discussed in letar. within Section 3...3 1.1.Z.

Estimates of regicnal uplift and subsidence are discussed in detsil in
Section 3.2.3.1.1.3. Regional data indicate recent uplift has occurred but
there is a wide range of interpretation on the magnitudes of uplift. No data
are available for the preliminary candidate area, therefore, until data are
obtained, ne conclusion can be drawn concerning effects of uplift. There are
no in situ stress data available for the vicinity of the preliminary

candidate area.

There is no evidence of Quaternary igneous activity, folding, faulting
or subsidence within the geologic setting. Regional uplift data suggest the
possibility of active tectoniec process, however, there appears to be no
significant potential for tectonic deformations that could effect the

regional ground-water flow system.

3.2.3.8.3 seismicity. The preliminary candidate area is located within
a relatively aseismic region (see Figures 3-118 and 3-119 in
Section 3.2.3.1.1.3). No earthquakes have been reported within 30 km
(18.6 mi) of the preliminary candidate area. The largest historical
earthquake in this region is an MM VI which occurred on March 5, 1914,
approximately 6C km (38 mi) northeast of the preliminary candidate area near

Athens, Georgia.

The major faults near the preliminary candidate area are discussed in
Section 3.2.3.8.2. There is no evidence of correlation between major faults

and observed seismicity near the preliminary candidate area.

Considering the low level and magnitude of seismic activity in the
rogion and the absence of active tectsnic processes within the geologic
sctting during the Quaternary Period, it is unlikely that Juture seismic
uctivity would produce ground siwcion in excess of reasonable design limits or
could affect waste conta’~mant or isolaticn, and it is unlikely that the
frequenicy ¢f occurrence of earthquakes in the area will increase in the

futura,
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3.2.3.8.4 Mineral ®-.gu:.38. Theis 7 .e no known surategic, metallic,

or energy-related resources within the prelininary candidate area or within
10 km (6 mi) of the preliminary candidate area. There is no information
availasble to indicate that deep drillholes (greater than 100 m [328 ft] in

depth) are present in the preliminary candidate area.

3.2.3.8.5 Topography and Surface-Water Characteristics. The

preliminary candidate area is charecterized by broad, convex, gently sloping
uplands that are moderately to highly dissected. Elevations within the
preliminary candidate area range from 128 to 266 m (420 to 871 ft). Local
relief averages 34 m {112 ft) along stream corridors, with a maximum relief
of 91.5 m (300 ft) (USGS, 1971a; 1971c; 19738; 1973b; 1973c; 1973e; 1974a
through 19744). Floodplains range in width from 31 m (100 ft) to 336 m
(1,00ﬁ ft), avereging about 122 m (400 ft) wide.

The surface-water system within the preliminary candidate ares is
characterized by a dendritic drainage pattern that consists of several
creeks, including Tobesofkee Creek, Wolf Greek, Swift Creek, and Tobler
Creek, and their tributsries (Figure 3-161). Streams in the northeast
section drain southeast into the Ocmulgee River, approximately 40 km (24 mi)
southeast of the preliminary candidate srea (USGS, 1%53a; 1956). Streams in
the southwest and central portions drain scuth-southwest into the Flint
River, epproximately 14 km (8.3 mi) south of the candidate area (USGS,
1955). There sre no large lakes or reservoirs within or adjacent (within
10 km [6 mi]) to the preliminary candidate area, although numerous small
(less than 4 ha {10 ac]) impoundments occur on upland surfaces throughout the

preliminary candidete area.

The presence of relatively low relief, narrow to moderately wide
ficndplaing, and occasional swamps and marshes indicates that the preliminary
candidate area is generzlly moderatsliy well drained but is in-2glly poorly
c=~ined. Therefcre, thaos is enl - ‘ocalized flooding potential in less than

1% of the preliminary candidate area.
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3.2.3.8.¢ Grmnt

srces.  Regplional greound-watsr data in ths
Southeastern Region are dissuir-. 4 in Seers . 2.:.5.1.1.5. Availsble dsta in
the preliminary candidate area do not allow differentiation between
saprolite-producing wells and crystalline bedrock wells nor are water-level
contour maps available for the preliminary candidate area. Well data were
obtained from Arora (1984). Water well data in the vicinity of the
preliminary candidate area are expressed in terms of well yields.

Figure 3-162 presents the available well-yield data in the vicinity of the
preliminary candidate area. Two wells located within the Woodland gneiss
average 4.04 L/s (64 gpm). One occurs within the preliminary candidate area
and yields 1.26 L/s (20 gpm), the other is located south of the preliminary
candidate area and yields 6.8 L/s (108 gpm). One additicnal well located in
surrounding units yields 3.66 L/s (58 gpm).

Wells in the vicinity of the preliminary candidate area yield potable
water. Dsta are insufficient to draw conclusions on any relationships
between structure, lithology and well yields. No data are available on the

deep ground water flow system in the preliminary candidate area.

3.2.3.8.7 Quaternary Climate. A discussion of Quaternary climatic
conditions including palepcliimatic conditions, vertical crustal movement, and

changes in sea level is in Section 3.2.3.1.1.1.

3.2.3.8.8 Federal Lands. There are no Federal lands within the
preliminary candidate area. The Piedmont National Wildlife Refuge is 10 km
{6 mi) east, and the Oconee National Forest is 10 km (6 mi) northeast of the
preliminary candidate area, respectively. These features are greater than
130 ha (320 ac) 1in size and are depicted in Plate 2B of the Southeastern RECR
(DOE, 1985h) (see also Figure 3-163). There is no evidence in the data base
that Federal lands less than 130 ha (320 ac) in size are located in or

withina 10 km (6 mi) of the preliminary candidate area.
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- Preliminary Candidate Area

Environmental Features

P Highly Populated Areas and Areas with Density
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| Federal Indian Reservations
[ ] Federal or State Lands Less Than 320 Acres

r-5 Map Alpha-numeric Codes are Keyed to
Environmental Features

Rock Rodies

Beyond Ten Miles from Preliminary Candidate Area

State Boundary

[rEm——— County Lines
Scale 1:500,000
0 miles 20
' J
‘ | 1
1] kilometers 26
Figure 3~183 Sheet 2
3-536



ENVIRONMENTAL FEATURES WITE A 16 KM (10 MI)
OF PRELIMINARY CANDIDATE AREA SE-7%

Code Feature

Population Features

Barnesville Highly Populated Area (HPA)
Forsyth HPA

Hannahs Mill HPA

Thomaston HPA

Macon Minor Civil Division

'U'U"U'ﬂ'u
[V S U

Federal Lands

F-1 Oconee National Forest
F-2 Piedmont National Wildlife Refuge
State Lands
s-1 indian Springs State Park (SP)
s-2 High Falls sP
s-3 Big Lazer Creek Wildlife Management Area

Indian Reservations

None

* The accompanying text identifies onrnly those environmental festures within
1C ¥m (6 mi)} of the preliminary candidate arwa.

Ficure 3-163, Sheet 3

3-637



|

3.2.3.8.9 state Tande. nere are .. *:xl. jaads groater than 130 ha or
320 ac in size within the boundary of the pr:liminary candidate area. High
Falls State Park lies approximately 8 km (5 mi’} north of the preliminary
candidate area. This feature is greater than 13C ha (320 ac) in size and 1s
depicted on Plate 3B cf the Southeastern RECR (DOE, 1985h) (see also
Figure 3-162). There is no evidence in the data base that State lands less
than 130 ha (320 ac) in size are located in or within 10 km (6 mi) of the

preliminary candidate area.

3.2,.3.8.10 Environmental Compliance. No portion of the preliminary

candidate area lies within a current air quality nconattainment area. There
are no Prevention of Significant Deteriloration (PSD) Class I Areas within

40 km (25 mi) of the preliminary candidate area. Six sites on the National
Register of Historic Places (NRHP) are located within the preliminary
candidate area boundary near Forsyth. These sites are Hil' Ardin

(45 FR 17452, 1980), Front Circle (Tift College), Monroe County Courthouse
(46 FR 10629, 1981), Berner Ifouse, 0ld Main Post Q0ffice (47 FR 4961, 1982),
and Forsyth Commercial Historic District (49 FR 4617, 1984). No proposed
NRHP sites exist within the preliminary candidate area. 1In the regional data
bese, thers are no known existing archaeclogical sites or districts or any
proposed for designation within the preliminary candidate area. No National

Trails are within 40 km (25 mi) of the preliminary candidate area.

3.2.3.8.11 Population Density and Distribution. The preliminary
candidate area contains parts or all of four highly populated areas (Forsyth,

Barnesville, Hannahs Mill, and Thomaston) (see Figure 3-163). Barnesville
has a population of 4,887, while Forsyth’s population is 4,624. The
population of Hannahs Mill and Thomaston are 2,616 and 9,682, respectively.
There are no other highly populated areas within 16 km (10 mi) of the
nraliminary candidate area. The preliminary candidate area contains no areas

wi:h population densities greater than or equal to 1,000 persons per square
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mile. Theic 15 one &1 '» - .. oo density greater than or equal to 3,000
persons per square mile withi». = ki (il 7 eof ‘La preliwinary candidate
area (see Figure 3-163). Macon is located 1} km (8 mi) southeast of the
preliminary candidate area and has a population of 126,381. The average
population density of the preliminary candidate area is 53 persons per square
mile. The average population density within 80 km (50 mi) of the preliminary
candidate area is approximately 140 persons per square mile. Low population
density is defined as a density imn the general region of the site less than
the average population density for the conterminous United States {76 persons

per square mile) based on the 1980 census.

3.2.3.8.12 sSite Ownership. There are nc Federal or DOE-cwned lands
located within the preliminary candidate area. The Cherokee Indian
Reservation igs 216 km (135 mi) north of the preliminary candidate area (See
Plate SE-1B).

3.2.3.8.13 O0Offsite Installations. No commevrcial nuclear reactors are

located within the preliminary candidate area. The nearest operating
commercial nuclear reactor is Edwin I. Hatch Nuclear Plant, Units 1 and 2,
which is located approximately 192 km (3120 mi) to the southeast (Wamsley,
1985). The nearest commercial nuclear reactcr under construction

is Alvin W. Vogtle Electric Generating Plant which is approximately 192 km
(120 mi) tc the east (Wamsley, 1985). There are no other known nuclear
installations or operations that must be considered under the requirements of
40 CFR 191, Subpart A, within or in proximity to the preliminary candidate

area.

3.2.3.8.14 Transportation. I75 crosses the eastern portion of the

preliminary candidate area. Two U.S. highways (U.S. 41 and 341) cross
portions of the preliminary candidate area. U.S. 341 runs north and scuth
throur,h the center of the preliminary candidate area and U.S. 41 runs east
and west in the northeast part of the zreliiminary candidate area. U.S. 19 is
withir 3.2 km (2 mi) ol L2 westarn edge of the preliminary candidate area.
while no State highweys are s™~wm on the plot, several highways do cross over

the preliminary candidate area (State Routes 36, 74, and 83).
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However, nong o¢ these highways ar: principal through highways. The
nearest mainiine is the Southern line between Atlanta and Jacksonville,
Fiorida, which is located 10 km {6 mi) east of the preliminary candidate
area. The Seaboard mainline between Atlanta and Jacksonville, Florida is
located about 24 km (15 mi) west of the preliminary candidate area. Two
branchlines of the Southern cross this preliminary candidate area. One of
these lines runs between Macon, Georgia, which is about 32 km (20 mi)
southeast of the preliminary candidate area, and Barnesville, Georgia, which
is on the northern edge of the preliminary candidate area. This line roughly
parallels U.S. 41. The other branchline runs through the western portion of

the preliminary candidate area between Barnesville and Thomaston, Georgia.
Based on the data presented above, access to the preliminary candidate
area from both local and regional highway and railway systems appears to be

available.

3.2.3.8.15 Preliminary Candidate Ares Deferral Analysis. This section

identifies significant additional information {specified in Section 3.2) not
directly incorporated into Steps 1 through 3 on prelimirary candidate area
SE-7 that could affect DOE’s decision to defer further consideration of the
arez. Based on evaluation of this additional available information, the area

exhibits the following favorable characteristics:

e presence of host rock with sufficient thickness and lateral
extent to allow significant flexibility in selecting the
depth, configuration, and location of the underground
facility to ensure isolaticn [960.4-2-3(b)(1),
960.5-2-9(b) (1), 960.5-2-9(c) (1)}

¢ presence of host rock that permits emplacement of waste at
least 300 m (1,000 ft) helow ground surface {960.4-2-5(b) (1)}

® low potential for tectonic deformations suggescts that the
regional ground-wacer flow system should not be significantly
effected {8.7.4-2-7(c)(6)]
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absence of act’w - gqultine w:., = L& geoluZic seotting
[960.5-2-11(¢c) (1)}

absence of historical earthquakes :f a magnitude and
intensity that, if they recurred, could affect waste
containment or isolation [960.4-2-7(c)(2)]

no indications, based on correlations of earthquakes with
tectonic processes and features, that the frequency cf
earthquake occurrence within the geologic setting may
increase [960.4-2-7(c)(3)1]

the frequency of occurrence or magnitude of earthquakes
within the geologic setting are nc higher than within the
region [960.4-2-7(c)(4)}

absence of historical earthquakes that, if they recurred,
could produce ground motion in excess of reasonable design
limits {960.5-2-11(e)(2)]

absence of evidence, based on correlations of earthquakes
with tectonic prccesses and features within the geologic
setting, that the magnitude of earthquakes during repository
construction, operation, and closure may be larger than
predicted from historical seismicity [960.5-2-11(c)(3)]

no evidence of subsurface mining or extraction for resources
that could affect waste containment or isolation
[960.4-2-8-1(2)(2)]

no evidence of drilling to a depth sufficient to affect waste
containment or isolation [960.4-2-8-1(c)(3)]

no evidence of significent concentrations of any naturally
occurring material that is not widely available from other
sources [$60.4-2-8-1(c)(4)]

presence of generally flat terrain [360.5-2-8(b)(1)]
presence of generally well-drained terrain [960.5-2-8(b)(2)]
general absence of surfeze characteristiecs or surface-water
systers that could leed to flooding [960.5-2-8(c),
960.5-2-10(b)(2),
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located wiihin a geologic sctting in which climatic changes
have had little effect on the hydrologic system :throughout
the Quaternary Period [960.4-2-4(b)(2)}

absence of Federal lands less than 130 ha (320 ac) within and
in proximity to the preliminary candidate area
[960.5-2-5(¢)(3)}

absence of State lands less than 130 ha (320 ac) within and
in proximity to {i.e., within 10 km [6 mi] of) the
preliminary candidate area [960.5-2-5(c)(4)]

low populstion density within its boundaries [960.5-2-1(b)(1)]
absence of nuclear installations [960.5-2-4(b) and (c)(2)]

no projected land ownership conflicts that cannot be
successfully resolved through voluntary purchase-sell
agreements, nondisputed agency-to-agency transfer of title,
or Federal condemnation proceedings [960.4-2-8-2(c),
960.5-2-2(c)]

available access to the national transportation system
through regional highways and railroads and through local
highways and railroads [960.5-2-7(b)(2), 960.5-2-7(b)(3)].

The preliminary candidate area also exhibits the following

characteristics which cculd detract from repository siting and

performance in the absence of further evaluation:

evidence of active tectonic uplift [960.4-2-7{c)(1)]
presence of shallow ground-water resources that could be
economically extractable in the foreseeable future
[960.4-2-8-1(e) (1) (i)}

the preliminary candidate area is within 16 km (10 mi) of
highly populated areas o7 ar=2as containing more than 1,000

persons pc— square mile [960.5-2-1(c¢){2)].
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The resuits ird:. Liace ars no significant adverse features
identified to date that wr:lT zrezlade . F:ly sonducilug further study
of this area as a candidate for repository =iting. In addition, many
favorable characteristics have bgen identifie’” in the area. Therefore,
on balance, there is no basis for deferral of preliminary candidate area

SE-7 at this time.
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3.3 QOTHRER SITING 7=7.

This section doruments the consideratisn which was given to the
Implementation Guidelines of Subpart B of the DOE siting guidelines in
identifying ithe candidate areas which warrant further examination in the

area phase of the CRP screening process.

The implementation guidelines considered were:

. Diversity of Geohydrologic Settings (10 CFR 960.3-1-1)

. Diversity of Rouck Types (10 CFR 960.3-1-2)

. Regionality (10 CFEK 960.3-1-3).

Implementation of Steps 1 through 3 of the region-to-area screening
process and exclusion of preliminary candidate area NE-N5 because of its
close proximity to Canada have previded 20 preliminary candidate areas.
Distribution of these preliminary candidate areas is as follows: 10 in
the North Central Region, 3 in the Northeastern Region, and 7 in the

Southeastern Region.

In USGS Water Supply Paper No. 2242, Ground-Water Regions of the

United Staﬁes, all the preliminary candidate areas of the North Central
and Northeastern Regions were indicated to be part of a single
"Geohydrologic Region"™: HNortheast and Superior Uplands. Based on the
distinct differences of topography, bedrock geology, and surficial
glacial deposits between the Northern Appalachians of New England and
the Precambrian Shield of Wisconsin and Minnesota, the DOE has determined
for the CRP to divide the Northeast and Superior Uplands gechydrologic
region intc two geohydrologic settings: (1) Northeast Uplands; and (2)
Siperior Uplands. These distinct dificiences include tectonic style,
topographic relisf, z72 near surface geology that are shown in the
following table:



Region Te .t = - Relief Surfsss Materis?
NC Prenrcxl s an (e Nearly continuous

glacial sediments

NE Paleozoic Locally High Discontinuous

glacial sediments

In addition to these differences, deep drilling in many Precambrian
shield rocks has shown that high-salinity is common in deep ground water
found in the North Central Region. The currently available literature
for the Northeastern Region has not indicated a presence of high-salinity

ground water at repository depths.

Thus, three separate geohydrologic settings encompass the preliminary
cendidate areas discussed in this draft report. The preliminary
candidate areas in the Northeastern Region are in the Northeast Uplands
gechydrologic setting; those in the North Central Region are in the
Superior Uplands geohydrulogic setting; and those in the Southeastern
Region are in the Piedmont and Blue Ridge geohydrologic setting.
Accordingly, the guideline requirement for diversity of geohydrologic
settings is satisfied ir having a distribution of preliminary candidate

areas in three settings.

Twenty preliminary candidate areas in crystalline rock, when
considered with salt, basalt, and tuff formations that may be available
to the second repository project if not nominated or characterized but
not selected for the first repository site, provide a diversity of rock

types thus satisfying the requirements of 10 CFR 960.3-1-2.

Consideration of regionality can only be made after the site for the
first repository has been recommended, since such consideration shall
take into account the proximity of sites to locations at which waste is

generated or ‘emporcrily stors4 and at which the first repository is
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being Asvelopsd. TL~ i. . < “ru first repository hac vet il De

designated and therefore, 8.  .3e.<, @ © Ene zaely Lo apply

regionality.

3.4 SELECTION OF CANDIDATE AKEAS

Each of the 20 preliminary candidate areas was examined to determine
whether any significant adverse features identified to date would prevent
DOE from conducting further study of the area. The information used to
conduct this review consisted of data (not directly incorporated in Steps
1 through 3) contained in the geologic and environmental characterization
reports for each of the three regions and other publically available
references that, when relied upon, were cited. This review is documented
in Section 3.2 of this report and the results indicate that there is no
basis to defer any of the 20 preliminary candidate areas. As a result,
DOE believes that all 20 preliminary candidate areas warrant further
examination in the area phase. Accordingly, each of the 20 preliminary

candidate areas is designated as a candidate area.
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4 9 RAVALLSEs CF DIGQUALLY (INC CORDITIONS

10 CFR 9260.3-2-1 of the siting guidelines iequires that to identify a
site as potentially acceptable, the evidence shalil support a finding that
the site is not disqualified in accordance with the application
requirements set forth in Appendix III of 10 CFR 260. This chapter
presents evaluations of the 20 candidate areas against the 10
disqualifier conditions in Appendix III. (For type of findings to be
made refer to 10 CFR 960.)

For purposes of the evaluations described, the term "site" as used in
these 10 disqualifying conditions means the total area encompassed within
the boundaries of the 20 candidate areas identified in Section 3.4. For
these evaluations data presented in Section 3.2 and this chapter are
used. Table 4-1 provides a reference to the data presented in Chapter 3
on regional and preliminary candidate area descriptions for eight
disqualifying conditions (Erosion, Tectonics (2), Natural Resources,
Population Density and Distribution (2), Environmental Quzlity (2)). The
data for Dissolution and Offsite Instalilations and Operations is
contained in this chapter. For all ten disqualifying conditions

Table 4-1 references the location of evaluations in this chapter.

If it is determined that geology-related disqualifiers are present
within a candidate arez, and the resulting impact totally negates the
flexibility to locate the repository within the candidate area, then a
finding of disqualification is made for the candidate area. Otherwise
only the portion of the candidate area directly affected by the
disqualifier will be eliminated from further consideration, with the
remaining portion(s) of the candidate area continued to be studied. This
i3 hecause the guldelines associated with the geology disqualifiers
[961). 4-2-5(d), 960.4-2-6(8), 960.4-2-7(4), 960.4-2-5-1(d), a=d
$&0.5-2-11(d)] pronibit ke sitin -~ the repository underground
facilities, restricted area, controlled area; or any support facilities

where such features are present.
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Similarly, if it ie 2z - mirad thrz Lirommentayr 2isqualifiers are
present within a candidate area, them a further evaluation is made as
whether there is sufficient flexibility tc ioscate surface facilities
within the candidate area. This is because the guidelines associated
with the environmental disqualifiers [960.5-2-1{d}{1),{d¥(2),
960.5-2-5(d)(2), (d)(3)] prohibit the siting of the repository restricted
area and support facilities; however, such disqualifyving factors could be
present in the repository controlled area or cculd overlie the repository

underground facilities.

>

4.1 ANALYSES OF AND FINDINGS ON DISQUALIFYING CONDITIONS

4.1.1 Brosion, 960.4-2-5(d)

"The site shall be disqualified if site conditions do not
allow all portions of ithe underground facility to be situated at

least 200 meters below the directly overlying ground surface.”

The objective of this guideline is to ensure that erosional processes
will not degrade the waste-isolation capabilities of a site. 1In
evaluating the potential effects of erosion on waste isolation and
considering the proposed repository horizon, the overburden thickness and
thickness of the repository host rock are the most important
considerations. The host rock at a site should allow the repository to
be placed at a depth sufficient to ensure that the underground workings
will not be uncovered or otherwise adversely affected by erosion, and the
ground-water regime adversely affected. Pertinent data to making an
evaluation of this guideline include host rock thickness, overburden
thickness and the climatic, tectonic, and geomorphic evidence of rates
a1l patterns of erosion in the geriogic setting during the Quaternary
Pariod. Brosior rateg are pres~+tad in Sections 3.2.1.1.3 and 3.2.2.1.3
which indicates a maximum crosion of 188 m (617 ft) in the Northeast
Region and 120 m (394 ft) in the Forth Central Region. The repository

horizon will be at least at 350 m (1,148 ft) below the gruva.. surface.
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Geologic evidence i..mined for ali & cantiZate aress indicates that
the host rock thickness is greater than 1,000 m (3,330 ft) for all
preliminary candidate areas except NE-4 whicl: may be less than 1 km (0.6
mi) and that overburden thickness ranges from 0 to 141 m (0 to 460 ft).
Therefore, the underground workings at each of the candidate areas can be
placed at a depth greater than 200 m (656 ft) below the ground surface,
the minimum depth at which the repository would be protected from

erosional processes acting on the surface.

The potential for erosion in the three regions is in the North
Centrai and Northeastern Regions where glaciation has been the major
factor in the depth of erosion during the Quaternary Period. Erosion due
to glaciation has not directly affected the Southeastern Region during
the Quaternary Period and therefore is of no concern for the region.

Data on glaciation which applies to the North Central and Northeastern

Regions have indicated the following:

e The observed maximum amount cof localized erosion due to
sudden flooding and fluvial action during deglaciation is
60 m (197 ft) (Matsch, 1¢83}. Based on our knowledge of
glacial processes it is not likely that such erosion might
occur at the same location more than once.

e Ko mcre than 20 m (66 ft) of glacial erosion {Xaszycki and
Shilts, 1980) should be expected during a single glacial
event, or in the next 100,000 years.

¢ No more than 40 m (131 ft) (Bell and Laine, 1985) of glacial
erosion should be expected cver 10 glacial events, or in the

next 1 miliion years.

Uplift in any of the three regions due to either tectonies or
isostatic rebound due to deglaciation has been estimated ¥~ have a
aaximum rate of 10 mmw/ ys (0.2¢4 ° _‘fyr)(Brown and Oliver, 1976). If this
Tate of upiift continues tor the next 10,000 years, the maximum uplift

would be 69 m (197 £tj.

|



This amount of -7 . »+1.000 reai's is insignificant to waste
igolation as it is oceurrins . ver dresa .. l:..i areas 2°.d is not
localiced; therefore this uplift will not a{fect gradients or incision

rates.
At all of the candidate areas, the underground facilities can be
placed at a depth great enough to protect the repcsitory from erosional

processes actiig on the surface.

The evidence does not support a finding that any of the 20 candidate

areas is disqualified (Level 1).

4.1.2 Dissolution, 960.4-2-6(d)

"The site shall be disqualified if it is likely that, during
the first 10,000 years after closure, active dissolution, as
predicted on the basis of the geologic record, would result in a

loss of waste isolation.”

The objective of this guideline is to ensure that dissolution
processes will not adversely affect the waste-isolz:iion capabilitiss of
the site. The principal concern is that the dissolution of the host rock
might create pathways for radionuclide migration to the surrounding
geohydrologic system. The host rocks at all of the candidate areas being
considered in the CRP are crystalline rocks defined in part as intrusive
igneous and high-grade metamorphic rocks rich in silicate minerals. By
definition, crystalline rocks are not subject to significant dis-
solutioning. A review of solubility data indicates that silicate
minerals have very low solubilities when compared with common carbonates,
sulfates, and chiorides. Common minerals in fractures include calcite,
ouartz, and epidote, and under some conditions such as high temperatures
these minerals will dissolve and thvzs change fracture aperture. However,
unl.:ss large quantities ~f more nishly scluble minerals such as calcite
axict, the dicenlubian will = 2:iniicd by Lthe cilizatae minaralogy in a

crystalline rock environment.



Based on iaboratusy o.. “larv, 17%66) and knowiedgo ¢ f Flald
conditions in crystallliw rocks, it 1s co.clvded that all crystalline
rock bodies (excluding fracture-fill material) fall into the same

category with respect to dissolution; dissolu:ion is negligible.

The evidence does not support a finding that any of the 20 candidate

areas is disqualified {Level 1).

4.1.3 Tectonics. 960.4-2-7(d)

"A site shall be disqualified if, based on the geclogic
record during the Quaternary Period, the nature and rates of
fault mcvement or other ground motion are expected to be such

that a loss of waste isolation is likely to occur.”

The objective of this guideline is to ensure that tectonic processes
do not adversely affect the waste-isolation capabilities of the site.
Tectonic processes and events during the postclosure period, if they were
to occur, could adversely affect waste containment and isolation by
creating new ground-water pathways to the accessible environment.

Igneous activity, uplift, subsidence, folding, and faulting are all
important to evaluating the tectonic characteristics of the candidate
areas. The Quaternary tectonic history of the candidate areas shows

little evidence of active tectonisnm.

The present tectonic stability of the three regions makes the
possibility of ground motions related to igneous activity over the next
10,000 years highly uniikely. There is no known documented evidence of
Quaternary faulting or folding in the three regions. There have been
surgestions that post-glacial movement may have occurred along the
Norumbege fault which is 10 km (6 mi) and 20 km (12 mi) from preliminary
cundidate areas NE-2 and HE-4 respectively. However, moverant has not
Jeen substantiated by cecent &7 ‘led mapping of Quaternary features

along the fault (Thompson. 1981}. Probabilistic estimates for maximum
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horizontal ground acceleratic~. inm reck .. 5= _intermia™.s Unites States
have bean computed by Algermissen et al., (1%82) using regional magnitude
and intensity data tied to seismic source zcner, megnitude versus

distance ground motion attenuation relationships, and regional earthquake

recurrence curves.

The resulting horizontal ground accelerations indicate that

acceleration in rock with a 90% probability of not being exceeded in

250 years ranges from 0.08 g to 0.24 g fer the 20 candidate areas. The
maximum accelerations shown by Algermissen et al., (1982) for the North
Central, Nocrtheastern, and Southeastern preliminary candidate areas are
C.08 g, 0.16 g and 0.24 g, respectively. These acceleration values zare
within reasonable design, construction, operation, and closure limits for
critical facilities as shown in licensing documents of nuclear power

plants in the eastern United States.

The uplift rates in the three regions ranges from 0 to 6 mm/yr (9O to
0.24 in/yr) (Brown and Oliver, 1976) due to tecignic activity and/or
glacial rebound. These rates imply between 0 and 60 m (0 to 197 ft) of
uplift over the next 10,000 years. There are no demonstratable
Quaternary or tectonic processes that could lead to radionuclide releases

from a repository at any of the 20 candidate areas.

The evidence does not support a finding that any of the 20 candidate

areas is disqualified {Level 1).

4.1.4 Natural Resources, 960.4-2-8-1 (d)(1)

"A site shall be disqualified if previous explovration,
rining, or extraction activities for resources of commercial
importance at the site have created significant pathways between
~he projected undergrwund facility and the accessible

environment."”



-

The objective ol Li:is guldeiine i3 .0 evzluate tne candidate areas
for previous mining, exploration, or extraction activities which may have
created significant pathways between the underground facility and the
accessible environment that could adversely affect the isolation
capability of a sitec. Evidence necessary to make an evaluation of the

disqualifying condition include:

e metallic and nonmetsllic mine, quarry, and prospect
iocations, depth, and present value within a candidate area

e identification of ground-water resources and present demand
within a candidate area

e energy resource location, depth, ‘and present value within a
candidate area

e exploratory borehole and weli locations and depths within a

candidate area.

The regional geologic studies performed to determine locations of
mineral and energy deposits in the three regions indicate that there are
no deep mineral deposits, energy resources, or ground-water resources at
any of the 20 candidate areas such that previous mining or extraction
activities have created significant pathways between the projected
underground facility and the accessible environment. For conservatism,
during Step 1 of th2 region-to-area screening methodology it was assumed
that deep mines or quarries (greater than 100 m or [328 ft] in depth)
have created significant pathways. There are no deep mines or quarries in
any of the candidate areas or in their vicinity. There is no evidence to
indicate that deep exploratory drillholes and water wells would create
significant hydrologic pathways to the accessible environment from the

arojected underground facility.

Exploratory data including vorehole and limited infczmation on wells
were evaluated as part of i%. ,ualitative/descriptive review of
literature (Chapter 3.2 ). PRaced on that review, it is unlikely that
deep exploration boreholes for commercial minersal deposits exist in any

of the 20 candidate areas as the majority of the known commercial mineral
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deposits occur outsige ».- lzecnt 10 the crystailine | il bodizs rather
than within a crystaliine tock boay. Buzed on the current levsl of data
and due to the nature and origin of the idantified mineral deposits in
the vicinity of the candidate areas, it is not expected that commercial
deposits will occur in the candidate areas. Two scientific boreholes
were drilled within preliminary candidate area at SE-4 by Virginia
Polytechnic Institute and State University (VPI). These borehioles are
approximately 213 m (700 ft) in depth. To DOE's knowledge there are
presently no plans by VPI for further drilling at SE-4. Evalusgtion of
ground-water resources (Section 3.2) for all of the candidate areas
indicates that these resources are generally available and that
avallability in the candidate areas is similar to other comparable areas
in the regions. 1In all three regions, the most common scurce of water
for wells is in glacial sediments or saprolite overlying bedrock. Those
wells that do tap bedrock aquifers generally produce water from zones
that are relatively more highly fractured. Because any repository site
will be located in such a way as to avoid pathways created by fracture
zones, wells that may be producing from such bedrock fracture zones such
as the deep wells (greater than 91 m or 300 £t) in and around candidate
area NE-4 are not considered to represent pathways that might connect the

repository with the accegssible environment.

The evidence deoes not support a finding that any of the 20 candidate

areas is disqualified.

4.1.5 Population Dansity and Distribution, 960.5-2-1(4)(1)

"A site shall be disqualified if... (1) any surface
facility of a repository would be located in a highly populated

area."

The objective of thig guideline is to ensure that selection of a
cepository cite location wiil ianimize risk to the public and permit
compliance with EPA and I™™C ragulations. Surface facilities are defined
to include the repository restrictad area and any support facilities

within the restricted arens Tt i: z55URmed Lhut the restricted area of a
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repository consiructea in crystalline ruck will cccupy approximately

2 2
160 ha (400 acres) or less than 2.6 km (1 mi ).

During Step 1 of the region-to-area screening methodology, highly
populated areas were treated as a disqualifying factor and, during
Step 2, proximlty to highly populated areas was used as a screening
variable. The effect of this was to generally exclude highly populated
areas from being located within the boundaries of the 20 candidate
areas. As a result, candidate areas NC-2, NC-3, NC-6, NC-7, NC-9, NC-10,
¥C-13, NC-14, NC-15, NE-2, NE-4, ME-5, SE-1, SE-3, SE-4; SE-5 and SE-6
have no highly populated areas within their boundaries. Two candidate
areas, NC-12 (see Section 3.2.1.8.11) and SE-2 (see Section 3.2.3.3.11)
each contain one highly populated area (Sauk Centre, Minnesota and
Bedford, Virginia, respectively). Candidate area SE-7 (see Section
3.2.3.8.11) contains four highly populated areas (Forsyth, Barnesville,
Hannahs Mill, and Thomaston all of which are in Georgia). Given the
limited number of highly populated areas within NC-12, SE-2 and SE-7, in
comparison to the areal extent of these areas (see Sections 3.2.1.8.1,
3.2.3.3.1 and 3.2.3.8.1 respectively) there is sufficient flexibility to
locate a surface facility so that it would not be coincident with any of
the highly populated areas located in these three candidate areas. It is
clearly recognized, however, that no surface facility could be

constructed within the boundaries of these highly populated areas.

The evidence does not support a finding that any of the 20 candidzte
areas is disqualified (Level 1).

4.1.6 Population Density and Distribution, 960.5-2-1{(d)(2)

"A site shall be disqualified if... (2) any surface facility
of a repositorv would be located adjacent to an area L-mile by
l-mile (1.6 km by 1.€ xm; naving a population of not less than

1,000 as enumeratel %y the @mest receat U.S. zensus.”
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The objective of this v. sciile iz~  weieire tng® z-lection of

it

repocitory site locziion will minimize risk to the prublic and permit
compliance with the EPA and NRC regulaticns. Surface facilities are
defined to include the repository restricted area and any support
facilities within the restricted area. It is assumed that the restricted
area of a repository constructed in crystalline rock will occupy

approximately 160 ha (400 ac) or less than 2.6 km2 (1 miz).

During Step 1 of the region-to-area screening methodology, areas with
population densities of 1,000 or more persons per square mile were
treated as a disqualifying factor and, during Step 2, proximity tec areas
with population densities of 1,000 or more persons per square mile was
used as a screening variable. The effect of this was to exclude areas
with population densities of 1,000 or more persons per square mile from
all of the candidate areas except NC-6 (see Section 3.2.1.4.11) and NC-12
(see Section 3.2.1.8.11), which each contain one area (Warren, Minnescta
and Sauk Centre, Minnesotak*, respectively) with population density

greater than 1,000 persons per square mile.

As moted in the SMD (DOE, 1%85b), the CRP made a conservative
assumption that a repository surface facility, if sited any place within
a minor civil division or census county division of 1,000 or more persons
per square miie, would be adjacent to an area l-mile by l-mile (1.6 km by
1.6 km) having a population of not lesz that 1,000 persons. This
disqualifying factor as well as the highly populated areas disqualifying
factor, addresses the coincidence and adjacency conditions of
Section 112(a) of NWPA. Since minor civil division (MCD) and census
county division (CCD) information (i.e., populations and boundaries) was
the basis for these density estimates (through a simple population over
area calculation), high population concentrations were distributed over
the extent of the MCD/CCD thereby overscating the number of areas where

dragity exceeds 1,000 .ersonc per squsre mile.

* 3auk Centre in NC-12 is alsc a highly populated area (st=
Section 4.1.5).
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Given the oxistoacs oi only vne arc.. with & popuiation density
greater than 1,000 or more perscns per square mile within each of the
candidate areas NC-6 and NC-12 in compariscn to their areal extent (see
Sections 3.2.1.4.1 and 3.2.1.8.1 respectively), there is sufficient
flexibility to lccate a surface facility so that it would not be adjacent
to areas with a population density greater than 1,000 or more persons per
square mile. It is clearly recognized, however, that no surface facility
could be constructed adjacent to either Warren in NC-6 or Sauk Centre in

HC-12.

The evidence does not support z finding that any of the 20 candidate

areas is disqualified (Level 1).

4.1.7 Offsite Installations and Operations, 960.5-2-4(d

"A site shall be disqualified if atomic energy defense
activities in proximity to the site are expected to conflict
irreconcilably with repository siting, construction, operation,

closure, or decommissicning."

The objective of this guideline is to ensure that the impacts of
atomic energy defense activities in repository siting, construction,
operation, closure, and decommissioning are adequately considered and to
ensure that the nature of the atomic energy defense activities would not

preclude or significantly disrupt repository activities.

Two atomic energy defense facilities exist within the three regions
(Savannah River Plant in Aiken, South Carolina, and the Knolls Atomic
Power Laboratory near Schenectady, New York). The closest candidate
areas to the Savannah River Plant are SE-6 and SE-7 which are locatez
2pproumimetesly 124 = {120 ma) wo the norchwest, and 19z im (120 mi) to
the west, respectively. The¢ .alture of activities occurring at the
Savannah River Plant (i~fense nuclear miterials production and defense
nuclear waste management), when considered with the location of this site

in relation to candidate areas SE-6 and Sk-7, do not represent an

~
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irreconcilable confiici «w- = lneir rapositoery. The Xaoils Atomic

(11}

Power Laboratory is .ocstsd approximatel: 144 km (30 mi) wesce of NE-5;
which is the closest candidate area. The nature of activilies occurring
at the Knells Atomic Power Laboratory (research and development work for
naval nuclear reactors), when considered with the location of this
laboratory in relation to candidate area NE-5, do not represent an

irreconcilable conflict with a geologic repository.

A third atomic energy defense facility, the 0ak Ridge Y-12 Plant in
Oak Ridge, Tennessee, is located outside of the three regions as defined
by the CRP. This complex is 115 km (72 mi) west of the closest candidate
area SE-5. In addition, candidate area SE-6 {which is also located
194 km (120 mi) northwest of the Savannah River Plant) lies approximately
208 km (130 mi) south of Oak Ridge. The types of the activities
occurring at the Y-12 Plant (weapons activities), when considered with
the location of this site in relation to SE-5 and SE-6, doc not represent

an irreconcilable conflict with the geologic repository.

The evidence does not support a finding that any of the 20 candidate

areas are disqualified (Level 1).

4.1.8 Envircnmental Quality, 960.5-2-5(d)(2)

"Any of the following conditions shall disqualify a site:
... or (2) any part of the restricted area or repository support
facilities would be located within the boundaries of a component
of the National Park System, the National Wildlife Refuge
System, the National Wilderness Preservation System, or the

National Wild and Scenic Rivers System.”

The objective of this guideline i« to ensure protection of
Federal lands and to avoid conflicts between Federal lands and the
-epository restricted zrea znd oupport facilities. For purposes of
application of this guids'ine. thezre must de suffi-ient open areas

for placemeat of a restricted area and repository support facilities

4-13



s foeegs Lo the candidate area

4

within the candidate 2aves PO TR
for establishment oi support facilities. 1I% is assumed that the
restricted area of a repository constructed in crystalline rock wilil

2 2
occupy approximately 160 ha (400 ac) or less than 2.6 km (1 mi ).

During Step 1 of the region-to-arez screening methodology the four
categories of Federal-protected lands (noted in this disqualifying
condition and in excess of 130 ha (320 ac) in size) were treated as
disqualifying factors and, during Step 2, proximity to these
Federal-protected lands (in excess of 130 ha [320 ac]) was used as a
screening variable. The effect of this was to generally exclude
Federal-protected lands (in excess of 130 ha [320 ac]) from beaing located

within the boundaries of the candidate areas.

As part of the qualitative/descriptive literature review, each
candidate area was reviewed to determine if any Federal-protected lands
smaller then 130 ha (320 ac) in size was contained within the boundaries
of the candidate area. As a result of applying the disqualifying factor
and screening variable noted above and conducting this final review,
candidate areas NC-2, NC-6, NC-7, NC-10, NC-14, NC-A5, NE-2, NE-4, NE-5,
SE-1, SE-2, SE-3, SE-4, SE-5, SE-6, and SE-7, have no Federal-protected
lands within their boundaries. Four candidate areags (NC-3, NC-9, NC-12
and NC-13) do contain a limited number of these Federal-protected lands.
The Wolf National Wild and Scenic River lies within NC-3 in the
northeastern portion, however, it covers less than 1% of the candidate
area (see Section 3.2.1.3.8). Eleven waterfowl production areas are
located within NC-9; they comprise 1,376 ha (3,400 ac) or approximately
2% of the candidate area (see Section 3.2.1.6.8). Candidate area NC-12
contains twelve waterfowl precduction areas which cover approximately
462 ha (2,130 ac) or less than 2% of the candidate area (see
Section 3.2.1.8.8). Three waterfuwl production areas cover approximately
170 ha (420 ac} or approximstely L% of candldate arsa NC-12 Izes

Section 3.2.1.9.8). Giv - the itotal areal extent of candidate areas
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NC-3, NC-9, NC-12% ~n+ i Zr=re is sufficient flasxibility to locate
the restricied area or - Tror suppoict facilitles cutaidc the

boundaries of these ilerai-procected L.ds.

The evidence does not support a finding that any of the 20 candidate
areas is disqualified (Level 1).

4.1.9 Environmental Quality, 960.5-2-5(d4)(3)

"Any of the following conditions shall disqualify a
site... the presence of the restricted area or the repository
support facilities would conflict irreconcilably with the
previously designated resource-preservation use of a component

of the National Park System, the National Wildlife Refuge

The objective of this guideline is to ensure protection of Faderal
lands and comparably significant State lands and Lo avoid conflicts
between these Federal and State lands and the repository restricted area
and support facilities. For purposes of application of this guideline,
there must be sufficient open areas for placement of a restricted area
and repository support facilities within the candidate area and there
must be access to the candidate areas for establisnment of support
facilities. It is assumed that the restricted area of a repository
constructed in crystalline rock will cccupy approximately 160 ha (400 ac)
or less than 2.6 km2 {1 miz).

For purposes of application during Step 1 of the region-to-area
screening mathodology, the phrase “The presence of the restricted area or
repository support facilities would conflict irreconcilably...” was

defined as "coincidence.” The comparable significance of State-protected

* The presence of a highiy populated area, Sauk Centre (wiich is also an
area of popruiation censity g-eater than 1,000 persons per square mile)
does not change the con~tuelon, due to the large areal extent of the
candidate area (44,307 ha or 109,440 a¢).
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resources wa2 3ciorn.aed - 2h a strtulory review of iexinlation
establishing the vari-ve Lzl zorier ¢f 1. ie xands and ~omparing
those statutes to the legislation establishing the categories of
Federal lands. National Forest Lands componints were evaluated to
determine whether they could meet the tests of irreconcilable
conflict of use and designation for resource preservation at this
time. Three components were judged to meet these tests and warrant
disqualification: research natural areas, primitive areas, and
national recreation areas. There are no primitive areas within any

of the three regions.

During Step 1 of the region-to-area screening methodology,
State-protected lands (in excess of 130 ha [320 acl) and the
above-noted components of National Forest Lands (in excess of 130 ha
[320 ac]l) were treated as disqualifying factors, and, during Step 2,
proximity to State-protected lands (in excess of 130 ha [320 ac}])
and proximity to the disqualified components of the National Forest
Lands (in excess of 13C ha {320 ac]) were treated as screening
variables. The effect of this was to generally exclude
State-protected lands (in excess of 130 ha [320 ac]) and
disqualified components of the National Feorest Lands (in excass of
130 ha [320 ac]) from being located within the boundaries of the

candidate areas.

As part of the qualitative/descriptive literature review, each
candidate area was reviewed to determine if any State-protected
lands or disqualified components of the National Forest Lands
smaller than 130 ha (320 ac) were contained within the boundaries of
the candidate area. As a result of applying the disqualifying
factor and screerning variables nioted above and conducting a final
review, nine of the candidate areas have no State-protected lands or
disqualified components of the National Forest Lands within their
“.sundaries. Eleven of the cand’'“aile areas: NC-3, NC-6, NC-7, EC-9,

NC-10, NC-12, NC-13, NC-14, SE-4, NE-4, and NE-5) do contain a
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limited number of these Stste-protected .rnds. Tabvle 4-2 idencifies
the number, size, and total areal extent of these State-prctected
lands for each of these candidate areas. No ressarch natural areas
or national recreation areas are located within the candidate

areas. Given the total areal extent of candidate areas NC-3, NC-6,
NC-7%, NC-9%, NC-10, NC-12%% NC-13%, NC-14, SE-4, NE-4, and NE-5
there is sufficient flexibllity to locate the restricted ares or
repositery support facilities outside the boundaries of these

State-protected lands.

The evidence does nct support a finding that any of the 20

candidate areas is disqualified (Level 1).

4.1.16 Tectoniecs, 960.5-2-11(d)

"A site shall be disqualified if, based on the expected
nature and rates of fault movement or other ground motion, it is
likely that engineering measures that are beyond reasonably
available technology will be required for exploratory shaft
construction or for repository construction, operation, or

closure.”

The objective of this preclosure guideline is to ensure that the
selected site is not likely to be affected by tectonic esvents of such
magnitude that could require unreasonable or unfeasible design features

to protect the facilities, the repository workers, and the public.

* ‘Tfhe presence of Federal-protected lands within NC-7, NC-9, and NC-13
does not change the conclusion, di:z +n the large areal extent of the
candidate area {29,400 ha or 72,320 ac for NC-7, 64,786 ha or
159,400 ac for Nu-%, and 15,510 ha or 38,400 ac for NC-12}.

~~ Ir addition to the presence ur State-protected lands within NC-12, the
presence of a highly populated area, Savk Centre (which is also an
area of population density greater than 1,000 persons per square
rile), and the presence of Federal-protected lands within NC-12 do not
change the conclusion due to the large arczl extent of the candidate
area (77,306 ha or 109,400 ac).
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Table 4-7 .- " ~zted Lends Within Candidate Avsas
— T :'_e of A;eal Extent B
Canlidate Feztures (% of Candi- Section

Area Feature Number ha (ac) date Ares) Reference

NC-3 Scientific and 4 138 (342) <1% 3.2.2.3.9
Natural Areas

NC-6 Wildlife Management 2 3,659(9,040) ~5% 3.2.1.4.9
Areas

NC-7 Wildlife Management 1 526(1,300) <2% 3.2.1.5.9
Area

NC-9 Wildlife Management 6 377 (931 <1% 3.2.1.6.9
Areas
State Park 1 388 (960) <1%

NC-10 wildlife Management 2 197 (488) <1% 3.2.1.7.¢
Areas

NC-12 Wildlife Management 3 606(1,498) <2% 2.2.1.8.9
Areas

NC-13 Wildlife Management 4 171 (422) ~1% 3.2.1.9.9
Areas

HC-14 Wildlife Management 2 60 (149) <1% 3.2.1.10.9
Areas

SE-4 State Park and 1 27 (67) <1% 3.2.3.5.9
Natural Heritage
Area
Natural Heritage Area 1 24 (60) <1%

NE-4 State Parks 3 930(2,290) 1% 3.2.2.3.9
Wild and Scenic 1 17.6(11)* 3%
River
Critical Areas/ S/1 71 (17e) <1%
Wildlife Management
Area

NE-5 Wildlife Management 1 118 (231) <% 3.2.2.4.9
Area

% Kilcmeters (miles)
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The evidence necessery & .. X2 3n svis .ior of the preclosure guideline
corsists of geologic and tectonic history, historical seismicity and
preliminary estimates of ground motion in the viecinity of the candidate

areas.

There is no known documented evidence of Quaternary faulting or
folding in the three regions. There have been suggestions that
postglacizl movement may have occurred 2long the Norumbega fault which is
10 km (6 mi) and 20 k¥m (12 mi) from preliminary candidate areas NE-2 and
NE-4 respectively in the Northeastern Region, but movement along this
fault has not been substantizted by recent detailed mepping of Quaternary
features along the fault (Thompson, 1981).

The uplift rates in the three regions range from 0 to a maximum of
6 mm/yr {0 to 0.24 in/yr) {Brown and Oliver, 1976) due to tectonic
activity and/or glacial rebound. These rates imply between O and 60 m
(0 to 197 ft) of uplift over the next 10,000 years.

Probabilistic estimates for maximum horizontal ground accelerations
in rock in the conterminous Unites States have been computed by
Algermissen et al. (1982) using regional magnitude and intensity data
related to seismic source zones, magnitude versus distance ground motion
attenuation relationships, and regional earthquake recurrence curves. A
report by Algermissen et al. (1982) provided these maximum horizontal
ground accelerations as it describes a method that takes into account
accelerations east of the Rockies on a uniform basis. Although
development of this type of information raquires a number of generalities
and assumptions, the end product is useful for providing an indication of
ground motion to be expected during exploratory shaft construction and
fur repository construction, operation or closure. Horizontal ground
accelerations shown by Algermissen et al. (1982) indicate che
~¢celeration in rock with a 20% _-~obability of not being exceeded in 250

years ranges from 0.089 ¢ ro ¢.24 g for the 20 candidete areas.

4-19



The maximum accelerations shown by Algernissen et al. (1982) for the
Horth Centrgl, Northeastern, and Southeastorn preliminary candidate arszas
are 0.08 g, 0.15 g and 0.24 g, respectively. These acceleratiocn values
are within reasonzble design, construction, operation, and closure limits
for critical facilities as shown in licensing documents of nuclear power

plants in the eastern United States.

The evidence does not support that any of the 20 candidate areas is

disqualified (Level 1).

4.2 CONCLUSIONS

The evaluations made on characteristics of each of the 20 candidate
areas against the 10 applicable disqualifying conditions of Appendix III
of the siting guideiines indicate that "the evidence does not support a
finding that the site is disqualified.” Therefore, all 20 candidate
areas are suitable for identification as proposed potentially acceptable

sites in accordance with 10 CFR 960.3-2-1.
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5.0 TDFITI. ..a. . * URCPOSED POTENTIALLY ACCR.OTARLE SITES

This chapter presents the DOE's rationale for identifying 12 proposed
potentially amcceptable sites in accordance with 10 CFR 960.3-2-1 of the
siting guidelines from among the 20 candidate areas idemtified in
Section 3.4. It also presents a list of the remaining eight candidate
areas considered in the event that during the finalization of the ARR or
the area phase it is determined that other areas are required tc meet
program requirements. Figure 5-1 summarizes the region-to-area secreening

process.

5.1 RESULTS OF APPLICATION OF STEPS 1 THROUGH 3 OF THE RREGION-TO-ARES
SCREENING PROCESS

Section 3.1 provides the basis for the identification of 21 pre-
liminary candidate arsas based on the application of Steps 1 through 3 of
the region-to-area screening methodology. These 21 preliminary candidate
areas all occur at a 7 out of 9 or higher frequency of occurrence as
determined by the use of the weight sets developed at two workshops by
nine groups for both Phases A and B. That is, 21 preliminary candidate
areas represent those land units which consistently appear as the more
favorable areas (as defined by the nine weight sets), and accordingly,
demonstrate, in the aggregate, the highest composite favorability within
the 235 exposed and near-surface crystalline rock bodies evaluated in
accordance with 10 CFR 960.3-2-1. Due to the close proximity of
preliminary candidate area NE-N5 to Canads, the DOE has excluded this

area from further consideration (see Section 3.1.5).

5.2 RESULTS OF APPLICATION OF STEP 4 OF THE REGION-TO-AREA SCREENING
PROCESS

Prior to the finel selection of candidate aveas, the COE conducted a
complete review of the results -7 region-to-area screening process to
ensure its accuracy and techrical defensibility (see Appendix D). The

basis for identifying each of the 20 preliminary cendidate areas as

n
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REGION-TO-AREA SCREENING PROCESS

L 235 Crystalline Rock Bodles __J

e BN
L22 Preliminary Candidate Areas |
—

lg] Prel'minary Candlidate Are
“‘ﬁ

.20 Praiininary Candlidate Areas ]}
AN gy,

20 Can'lldafer::‘_"_s___——’l
‘

20 Candldate Areas
Sultoble for ID as Proposed PASs

i r

12 Proposed PASs

Apply Steps 1 through 3 of reglon-to-aroa screenlng process to data
base contalned In six roglonal characterlization reports,

22 areas ali have a frequency of occurronce of 7 out of $ or higher
as determined by the nine woelight sets for Phases A and B, These 22
preliminary candidate areas demonstrate, In the aggregate, the
highest composite favorabdility,

Prelliminary candldate areas resulting from DOE's declislon to combine
NC-3 and NC-4,

Preliminary candidate areas resulting from DOE's declsion to exclude
NE~N3 slince 1: appesrs highly probablie that sampiing/field work
would have to be conducted in Canada.

Candldate areas are Idontified after spplicetion of Step 4 to the 20
preliminary candidsto aress, on the basis of the
qualitative/descriptive literature review, which utilized dsta not
dlirectly incorporated In Steps 1 through 3 of the reglon-to-area
screening methodology, All 20 preliminary candidate areas contalned
many favorable characteristics, The DOE concluded that all 20
prefiimlnary candlidate areas warrant further examinstlon in the area
phase,

Candldate oreas ldentlfied as sultable for ldentificatlon as
proposed potentlally acceptable sltes based on DOE's evaluation of
each candlidate area against the 10 disquallfying condltions. Ten
candldate aress have a frequency of occurrence of 9 out cf 9, one at
8 out of 9, and ten at 7 out of 9,

Proposed péfsnf!ully acceptable sites Identifled by DOE as follows:

Ten candldate areas have fre- Other ten candlidate sreas io be
quency of occurrence of 9 out consldered (7 out of 9) except for
ot 9 or 8 out of 9, NE-2 & Y$E-4 which are proposed as

PASs bssed on the presence of
favorable geologlc considerstlons.

Proposed PASs Proposed PASs Candldate Aroas
NC-3, NC-6, NE-2 NC-2
NC-7, NC-10, SE-4 NC-9
NE-4, NE-5 NC-12
SE~2, SE-3 NC-13
SE-5, SE-7 NC-14
NC-AS
SE-1
Figure 5-1 SE-6
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candidate arzas .5 v @ 2 gné information »resenter 1o

Section 3.2. The rei lis zdicuite thal .aers zre no significant adverse
features identified to date that would preclude the DOE from conducting
further studies of any of the 20 preliminary candidate areas as a
candidate for repository siting. In addition, many favorable
characteristics have been identified in each of the 20 candidate areas.
The Step 4 deferral analyses conducted provided the DOE with a reasonable
axpectation, within the constraints of a regional study, that the

20 cendidate areas warrant further examination in the area phase. In
sddition, a review of the Implementation Guidelines (Subpart B of

10 CFR 960) were coneidered and applied as appropriate (Section 3.3).

5.3 RESULTS OF DISQUALIFICATION ANALYSES

The data and evaluations contained in Chapter 4.0 provides the basis
for the conclusion by the DOE that each of the 20 candidate areas is not
disqualified in accordance with the application requirements set forth in
Appendix III of the DOE siting guidelines (DOE, 1984a). Therefore, all
20 candidate areas are suitable for identification as proposed

potentially acceptable sites in accordance with 10 CFR 960.3-2-1.

5.4 PROPOSED POTENTIALLY ACCEPTABLE SITES

Based on the above conclusion, DOE could propose to identify all 20
of the candidate areas as potentially acceptable sites. In corder to
provide sufficient confidence that DOE will be able to nominate up to
five sites in crystalline rock for characterization, the DOE has
determined that it is only necessary to identify approximately 12 of the
candidate areas as proposed potentially acceptable sites for the area
phase investigations as discussed below. The eight candidate areas not
voposed for identification as potentially acceptable sites will be held
in reserve in the event that during ARR finalization or tb< area phase it
*z determined that other arezs ~= needed to meet program requirements.
The DOE recognizes that the proposed identification of 12 potentizlly
acceptable sites is slightly less than the range of 15 to 20 previously
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discussed {TO&, iv.ony. =ve», tire JNE believes thaet &ha initistion of
area phase invostig.ilens cii 12 poteiii.ally =acceptabie sites provides a

reasonable basis for proceeding.

The rationale behind this decision is that, in accordance with
Section 112(b)(1){c) of the NMWPA, the DOE must nominate five sites for
the second repository and recommend three of these sites for site
characterization. Besides sites in crystailine rock, potentially
acceptable sites for the first repository could be nominated if they were
not previously nominated as suitable for site characterization. In
addition, any sites that were recommended for characterization but not
selected for the first repository are eligible. The NWPA stipulates zt
lease three of the five sites must not have been previously nominated.
Based on these considerations, the DOE has assumed that the second
repository program will need to nominate from three to five crystalline

sites.

In considering the number of potentially acceptable sites necessary
to provide sufficient confidence that the DOE will be able to nominate up
to five sites in crystalline rock for characterization, the DOE tock into

2
account the areal extent of the candidate areas [ranging from 166 km

(64 miz) to 2,844 km2 (1,084 miz)] and their distribution within

three geohydrologic settings (10 in the Superior Uplands, 3 in the
NMortheast Uplands and 7 in the Piedmont and Blue Ridge). The large areal
extent of the candidate areas provides flexibility for siting both
surface facilities and underground workings. The distribution of
candidate areas in three geohydrologic settings provides a wide range of
hydrologic conditions including hydrologic diversity, and therefore, a
greater flexibility in nominating sites with different hydrologic
attributes. O©On the basis of these considerations, the DOE has determined
that it is appropriate to investigate approximateiy 12 potentially

ncceptable sites during the area phase.
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proceed in the following manner to identify the 12 proposed potentially
acceptable sites. Table 3-5, as modified Ly 90E’s decisions to combine
¥C-3 and MC-4 (Section 3.1.4.1) and exclude NE-N5 (Section 3.1.5), gives
the frequency of occurrence for each of the 20 candidate areas. This
table summarizes the preferences of the nine weighting groups and
establishes that 10 candidate areas (NC-3, NC-6, NC-7, NC-10, NE-4, NE-S,
SE-2, SE-3, SE-5, and SE-7) have a frequency of occurrence of 9 out of 9
or 8 out of 9. Accordingly, these 10 candidate areas are proposed as
potentially acceptable sites., They are located in the states of Georgia
(SE~7), New Hampshire (NE-5), Maine (NE-4), Minnesota (NC-6, -7, -10),
North Carolina (SE-5), Virginia (SE-2, -3), and Wisconsin (NC-3).
Portions of NC-3 are located within the Menominee and Stockbridge-Munsee

Indian Reservations.

Table 3-5 also indicates that there are 10 candidate areas (NC-2,
NC-%, NC-12, NC-13, NC-14, NC-AS5, NE-2, SE-1, SE-4, and SE-6) with a
frequency of occurrence ¢f 7 out of 9. Based on the decision that 12
potentially acceptable sites are sufficient to initiate area phase
investigations, the DOE wishes to propose two of these 10 candldate areas
as potentially acceptable sites. The two areas were chosen on the basis
of those favorable geologic attributes which would facilitate area
characterization or are important to repesitery performance. The other
eight candidate areas will be considered and may be designated as
potentially acceptable sites during ARR finalization or area phase
investigations and investigated, if it is determined that other areas are

required to meet program requirements.

The two candidate areas proposed for identification as potentially
acceptable sites are NE-2 which overlies the Botile Lake complex in
socutheastern Maine and SE-4 which uverlies the Roiesville kztholith in
=urtheastern North Carclina. P- -*ions of NE-2 are located within the
Peuckbscst and Tessamuquoddy Indian Keservaiions. 1nis seiection resuited

from application of Steps 1 through 2 of the streening process and the
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Step 4 review, as documente:. .y Seclil. 7 2. TYarzicriar attention was
given to geologic coansiderations importani to area characterization and
postclosure performance; some considerations required evaluation/
interpretation of available data. The favorable geologic attributes of
NE-2 and SE-4 relative to the eight other candidate areas with a 7 out of

9 frequency of occurrence are identified as follows:

Host Kock Geometry - Host rock geometry refers to the size,

shape, thickness, and subsurface lateral extent of the host
rock, and the thickness of overburden. It is important to
site a repository in crystalline rock which is large enough
that construction-induced effects in the rock will nct
compromise expected repository performance. Preliminary
candidate areas NE-2 and SE-4 are in the middle of the range
of host rock geometries and areal extent of the ten candidate
areas which have a 7 out of 9 frequency of occurrence.
However, their geometries provide adequate flexibility for
siting a repository. Except for NC-2, SE-1 and SE-6,
candidate areas NE-2 and SE-4, have thes least overburden.

The relatively thin overburden of these candidate areas
facilitate the early stages of area characterization designed
to identify the preferred site location within a candidate
area.

Extent of Exposure - A greater amount of rock exposure is

considered zdvantageous for characterization of a candidate
area in order to identify those portions of the candidate
area with more favorable geclogic characteristics. With the
possible exception of SE-6, candidate arsas NE-2 and SE-4
have the largest percentages of outcrop exposure
(approximately 25%) among the 1G candidate areas.

Lithologic Homogeneity — Because of their granitic

composition and plutsnic origin, all ten of tha 7 out of 9
frequency of  .currence candidate areas are considered to be
massive in texture, and relatively homogenecus. Therefore,

rock strength should vary little from point-*- =2int



throo Lol . e idate zress. Amongz the 10 candidste zreas
NE-2, SE-A =.,8 10-2 exkibiit .ae mect homsgeneous granitic
lithologies of the 10 candidate areas (See Sectionsg
2.2.2.2.2, 3.2.3.5.2, and 3.2.2.70.2). Therefore, they have
the most potential to be free of internal geologic contacts
which could be potential ground-water flow paths. Other
areas that contain some relatively homegeneous zones include
NC-12, NC-13, NC-14 (primarily metamorphic gneisses); SE-1
(granitic gneiss) and NC-9 and RC-AS (inferred granitoid
rocks). Candidate area SE-6 (banded gneiss) exhibits the
least amount of homogeneity.

Major Structures, Faults or Fracture Zones - Lack of major

structures, such as faults, and fracture zones within a
candidate area represents a favorable characteristic for
repository siting as such features may be potential ground-
water flow paths. 1In very old rocks such as those that occur
in the North Central Region, many of the shear zonss and
faults probably have been healed to the extent that they are
difficult to distinguish from the surrounding rock mess.
With the exception of NC-2, none of the 10 candidate areas
are known to have cross-cutting faults within the rock body
cloger than 4 km (2.5 mi) to their boundaries. Thus,
postemplacement faults are unlikely to represent potential
ground-water flow paths. Candidate area SE-4 is known to be
intruded by diabase dikes (See Section 3.2.3.5.2). These
features may have the potential to be ground—w&ter flow
paths; they will be evaluated if they occur in what are

otherwise more favorable portions of SE-4.
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© Deformatic.. ’ »* .2_.7 - ameng the 1¢ candidate arsas, NE-2

and S wa. ~rafsy unafiiected by iater defarmation

o

(metramorthis . ractonic ooe Lo WiRitn mal have caused the
development of structures thet could have become ground-water
flow paths. In the North Centr:l Region, the last tectonic
event occurred approximately 1 billion years ago and, in
goneral, most faults and structures have been healed through
recrystallization tc the point that they are not ground-water
flow paths (NC-12, NC-13 and NC-14). Also, the metamorphic
rocks have been recrystallized to the point that internal
contacts do not represent discontinuities.

& Extent of Data Base -~ A relatively comprehensive dataz base

from recent literature is available for the two rock bodies
within which candidate areas NE-2 and SE-4 are located, as
compared to the cother 7 out of 9 candidate areas. The only
exception is NC-2 on which a recent 1985 USGS professional

paper has been published (Sims, et al., 1985).

In summary, the favorable geologic characteristics of HE-2 and
SE-4 based on regiocnal phase data are: massive texture, general
homogeneity, good exposure, thick and deep-seated host rock, and
little affects by later regional metamorphism or deformation. No
known major structures or fracture zones cut across either candidate
area. As discussed above, none of the other eight candidate areas
with a frequency of occurrence of 7 out of 9 possess all of the

above favorable geologic attributes.

In conclusion, the 12 proposed potentially acceptable sites and

the eight candidate areas that may be designated as potentially



acceptable sites,during -

tions, are shown on raiguve

Proposed Potentially
Acceptable Sites

NC-3 (Wisconsin)

NCc-6, -7, ~1C (Minnesota)

NE-2, 4 (Maine)
NE-5 (New Hampshire)

SE-2, -3, (Virginia)
SE-4, -5, (North Carolina)
SE-7 (Georgia)

“ineliza-isn Or arcs phase

5-2 and ligitod nhelow:
Candidate
__Areas
NC-2 (Wisconsin)

NC-9, -12, -13,
-14, -A5 (Minnesota)

SE-1 (Virginia)

SE-6 (Georgia)

PR S,
.-,i-‘ieat.&ba—

Plate
NC-1B
NC-1A
NE-1A
NE--12&
SE-1A

SE-1A
SE-1B

Prior to finalization of this draft area recommendation report the

E DOE will consider comments from Federal Agencies, States, Indian Tribes,

and the general publie.

n
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Figure 5-2. Proposed Potentially Acceptable Sites and Candidate Areas for the Second Repository
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APPENDI. A

STEPS 1 THROUGK 3 OF THE REGIOK-TG-AREA SCREENING PROCESS

A.1 DISQUALIFYING FACTORS SCREEN (STEP 1)

The first step in the region-to-area screening methodology is the
elimination* of rock bodies or portions of rock bodies from further
consideration based on the presence of one or more of five disqualifying
factors (Deep Mines and Quarries, Federal-Protected Lands, Compcnents of
the National Forest Lands, State-Protected Lands, and Population Density

and Distribution) set forth in the SMD (DOE, 1985b).

The disqualifying factors screen was accomplishzd by using data
presented in the regional characterization reports to prepare maps that
show the geographic distribution of these five disqualifiers in each of

the seventeen involved States.

A.1.1. Deep Mines and Quarries

The DOE siting guidelines [10 CFRK 960.4-2-8-1(d)(1)] state that a
site shall be disqualified if "previcus exploration, mining, or
extraction for resources of commercial importance at the site have
created significant pathways between the projected underground facility

and the accessible environment."

One of the hazards associated with siting near a mined resource in

crystalline rock ariges from the possibility that the mine workings

* The disqualification of =ock bodies, (or portions thereof) during Step
1 precludes DOE from ‘ocating {i) the curface facility, or (ii) the
restricted arsa or repository suppor: facilities, as appropriate within
the boundaries of the disqualified areas. In addition -~ 4deep mine or
quar: s cannot be located within the controlled area.
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intarsect fractures and thus create signifi:ant hydrologic pathways from
the repository horizon to the accessible environment. For the purpose of
utiiizing this disqualifier during region-to-area screening, the CRP
disqualified an area of 23 km2 {9 miz) centered on each l-square-
mile-grid cell containing an active or inactive mine or quarry deeper
than 100 m (328 ft) based on the assumpticn that these would tend to
intercept ground water in the regional flow regime and thereby create
hydrologic pathways to the accessible environment. The depth measure for
deep mines and quarries was conservative and was chosen to allow for
potential effects on the regional ground-water flow system based on the
available regional and iocal data from the eastern United States. The
disqualification of the additional area around each deep mine or quarry
is due to the lack of specific information in the regional data base
concerning the extent and direction of workings and fractures and
represents additional conservatism with respect te this condition.
Workings in crystalline rocks or rock formations immediately adjacent to
erystalline rocks in the eastern United States seldom extend more than
1.6 km {1 mi). Where workings were known to extend beyond the
disgualified area, additional grid cells encompassing those workings were
d

isqualified.

A.1.2 Federal-Protected Lands

Section 960.5-2-5(d)(2) of the DOE siting guidelines provides that a
site shall be disqualified if "any part of the restricted area or
repository support facilities would be located within the boundaries of a
cemponent of the National Park System, the National Wildlife Refuge
System, the National Wilderness Preservation System, or the National Wild
and Scenic Rivers Syster.” The TRP implemented this provision by
disqualifying lands rithin th~ administrative boundaries of the
Federal-protected lands _isted below from further consideration as a

location for the restricted area or repository support facilities.
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A.1.2.1 Natioral Pu.. Sysceam (1b U.5.(. 1 et seq.)

National Parks National Battlefield Parks
National Monuments National Battlefield Sites
National Preserves Nationai Battlefields
National Lakeshores National Historical Parks
Kational Seaghores National Memorials
National Historic Sites National Recreation Areas
National Military Parks National Parkways

A.1.2.2 National Wilélife Refuge System (16 U.S.C. 668 dd)

National Wildlife Refuges

waterfowl Production Areas

Wildlife Management Areas

Wildlife Ranges

Other Protection and Conservation Areas

for Species Threatened with Extinction

A.1.2.3 National Wilderness Preservation System (16 U.S.C. 1131 et seaq.)

National Wilderness Areas

A.1.2.4 HNational Wild and Scenic Rivers System (16 U.S.C. 1271 et seq.)

Wild Rivers

Scenic Rivers

Recreational Rivers

A.1.3 Compcnents of the National Forest Lands

Nationzl Forest Lzads 2v¢ _.fined in Federal statutes and regulations
to comprise the followins comporsnts: (3) forests (16 U.S.C. 58la),
(2) fores’ experiment gtations {35 CFR 251.23), (3) research naturzl

areas (36 CFR 251.23), (4) national ferest wilderness or primitive areas

T
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€36 CFR 293, 16 U.S.C. Zz9;, {3, specia, acvezs (36 Crn £94), and

(6) national recreation areas. All six components were evaluated to
determine whether they could meet the disqualifying condition tests of
irreconcilable conflict-of-use and designaticn for rescurce
preservation. Three components of the Mational Forest Lands were
consequently judged by the CRP to warrant categorical disqualification
under the provision of 10 CFR Part 960.5-2-5(d4)(3), which requires
disqualification if: "The presence of the resiricted area or the
repositery support facilities would conflict irreconcilably with the
previously designated resource-preservation use.” The three components
determined to categorically meet this test for region-to-area screening
are reseerch natural areas, primitive areas, and national recreation
areas. These three components of National Forest Lands are typically
dedicated to single-purpose use and are oriented to scientific value,

public recreation, and environmental preservation.

Lands within the boundaries of these components, as indicated on
forest maps published by the Forest Service, were disqualified from
further consideration as a location for the restricted area or repository
support facilities. The remeining portions of National Forest Lands were

treated as a Step 2 variable in accordance with 10 CFR 960.5-2-5(¢){(3).

A.1.4 State-Protected Lands

The DOE siting guideline 9€0.5-2-5(d)(3) also provides for the
disqualification of any site where “the presence of the restricted area
of the repository support facilities would conflict irreconcilably with
...any comparably significant State protected resource dedicated to
ra2source pregervation at the time of the enactment of the Act.” The CRP
worked extensively with the involved States to apply this guideline for
parposes of ragion-to-area screeaing. The evaluation of "comparably
significant"” was based on 2 .. _-sugh study of the statutory and resulting
descriptions of each crtugory of lands that the invcelved States or the

CRP staff suggested could warrant disqualified status.

e
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Rased on the larguage in these Stuce =tatutes or regulations and on
the existence of a reasonable analog with the Federal-protected lands
components, including ownership of State wildlife areas, the CRP
categorized the diverse and complex array of State-protectzd lands into
three categories: disqualified status; potentially adverse status; or
land without status under thase provisions of the siting guidelines.
Because of the lengih and complexity of the results of this analysis, the
results are not reported here but may be found in their entirety, by
State, in Appendix B of the SHD (DOE, 1985b). In general, however, lands
within the adminisirative boundaries of State parks, State wild and
scenic rivers, State wilderness areas, State natural areas, and certain
types of State wildlife areas were disqualified from further
consideration as a location for the restricted area or the repository
support facilities. Those State-protected lands not determined to
warrant disqualified status but which merit treatment in the regional
phase under the DOE siting guidelines are identified and mapped as
potentially adverse conditions in Step 2. These lands are also

identified by State in Appendix B of the SMD.

A.1.5 Population Density and Distribution

It is the intent of the NWPA and the DOE siting guidelines to locate
a repository outside of highly populated areas. The disqualifying factor
of Population Density and Distribution addresses the coincidence and
adjacency conditions of Section 112{a) in the NWPA. Guidelines
960.5-2-1(d)(1) and (2) provide that "A site shall be disqualified if -
(1) Any surface facility of a repository would be located in a highly
populated area, [coincidence] or (2) Any surface facility of a repository
wculd be located adjacent to an area 1 mile by 1 mile having a population
of not less than 1,000 individuals... [adiacencyl.™ Highly populated
areg is defined in ilL. DOE siting guidelines to mean ™"any incorporated
place (recognized by the docennial reports of the U.S. Bureau of the
Census) of 2,500 or more ygersons, or any census Jdesignated place (as
defined and delineated by the Bureau) cf 2,500 or more per<ons, unless it
can be demonstrated that any such place has a lower population density

than tie mes: value for the continental United States [7é persons per
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gquairs mile in 1987 %41, o ~- oz sounty equivalents, whethe:
incorporated or fot, are s .Jicziliy c-Cufet feoem the Jvetinition cof

place as used hereir.”

For purposes of the region-to-area screening, the CRP made a
conservative assumption that a repository surface facility sited any
place within a minor c¢ivil division or census county division of 1,000 or
mere persons per square mile would be adjacent to an area 1 mile by

1 mile having a population of not less than 1,000 individuals.

Highly populated areas, as well as minor civil division and census
county divisions with 1,000 or more persons per square mile, were
identified on the basis of the 1980 census reports Series PC80-1-A
(G.S. Bureau of the Census, 1982) of characteristics of the population.
Boundaries for those places were taken from Bureau of the Census mapse,
and those areas were eliminated from further consideraticn as a location

for repository surface facilities.

A.2 THE SCALED REGIONAL VARIABLES SCREEN (STEP 2)

The objective of Step 2 of the region-to-area screening methodoiogy
was to further evaluate the crystalline rock bodies or portions thereof
that remained after Step 1, in terms of the regionally applicable
potentially adverse and favorable conditions contained in the DOE siting
guidelines. These potentially adverse and favorable conditions served as
the basis for the 16 Step 2 variables defined in the SMD (DOE, 1985b).
Section A.2.1 presents these variabies, including their definition and
associated scales. A given crystalline rock body that exhibited

potentially adverse conditions was penialized in Step 2. Conversely, a

> It should te noted thet the SMD (DOE 1985b) inappropriztely used 64
persons per squace ..ile. This figure included Alaska and Hawaii.



crystalline rock body tha. it ted “Loneable conditio.s was

favored in Step 2 of tne region-to-arza :creening methcdology. The
degree to which a crystalline rock body war penalized cor favored because
of any single variable was determined by how the variable was scaled

(see Section £.2.1) and on how heavily weighted that variable was
relative to the other Step 2 variables (see Section A.2.4). The product
of Step 2 was a numerical value representing the aggrsgate favorability
of each grid cell (1 square mile each) which were the acccunting unit for
those crystalline rock bodies (or portions thereof) not disqualified in

Step 1.

A.2.1 Scaling

Scaling was the process by which the CRP translated physical
conditions for sach screening variable (potentially adverse or favorable)
into a numerical value that could be used to consistently evaluate the
aggregate favorability cof crystalline rock bodies. As a result of
substantial interaction with representatives from the seventeen involved
States at three workshops (June 1983, November 1983, and February 1984)%,
and comments received from thie States subsequent tc these workshops
and after reviewing the draft SMD, for each region-to-area screening
variable a standard 1 to 5 -scale that represented degrees of adversity

and favorability was developed as follows:

1 2 3 4 5

More Adverse Mcre Favorable

* In the June 1983 meetin_, valy 15 States wsre represented; in the
November 1983 and Febr..ury 1984 meetings, only 16 States were
represented.
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To the oxtent przzti... . arch variable wac giver: *¥r rame number of
increpents and aumet.cei assignments c¢o_veszonding to a ranece of
conditions for that variable. 1In all cases, the end points on the
standard scale were given values of 1 and 5. Intermediate points on the
scale were alsc given values, except for the Suspected Quaternary

Faulting variable which had no intermediate increments.

A.2.2 Scalad Geologic and Environmental Varigbles

A.2.2.1 Rock Mass Extent

This Step 2 variable was based on guidelines 10 CFR 96C.4-2-3(b){1}
and 260.5-2-9(b){i) and {¢}{1l), which address the areal extent of the
host rock body. Any rock body selected for further characterization must
be large enough to accommodate the subsurface space required for
construction of the repository. This minimum size is the area of a
cirele approximately 3 km (2 mi) in diameter. The regional survey
included rocks with a horizontal areal extent of at least 100 kmz
(39 miz), as shown on a bedrock map, irrespective of shape. For

region-to-area screening, the CRP inscribed circles in each rock body

(the only disqualifying factor which eliminates portions of rock bodies
from consideration as the location of underground components of the
repository). The favorability of each crystalline rock body was then
determined by the diameter of the maximum circle that fit into the rock

body, on the following scale:

Diameter of Maximum Circle That Will Fit in Rock Body (miles)

<2 >2-8 >8-14 >14-20 >29
1 2 3 4 5
Mare Adverse Secale Value More Favorable



A.2.2.3 Major Greet oo “Lroiig> Zones

This Step 2 variable was based on guideline 1C CFR
960.4-2-1(b)(4)(il) and ¥RC regulation 10 CFfR 60.122(b){2)\ii), which
address hydraulic gradient as related to distance and travel time to the
accessible environment. In areas of major ground-water discharge {(such
as water bodies and major through-flowing streams), the primary directicn
of ground-water flow is tocward the surface; distance and travel time to
the accessible environment are thus at a minimum, which is an unfavorable
condition with respect to siting a high-level nuclear waste repository.
The CRP used distance from major ground-water discharge points in

developing the scale for this variable, as follows:

Distance tc Discharge Point (Major Water Body)

Underneath 0-6 miles from >6 miles from
Major Stream Discharge Zone or Discharge Zone to
(Discharge to Dreainage Basin Drainage Divide
Zone) Divide if <6 miles
1 2 3 4 5
More Adverse Scale Value More Favorable

A.2.2.3 Rock and Mineral Resources

Thig Step 2 variable was based on guidelines 10 CFR 960.4-2-8-1(b)(1)
and (c¢)(1)-(4), which address the concern that the presence of nearby
resources could encourage human intrusion into the repository and
jeopardize waste isolation. Conversely, the presence of the repository

proempts the future use of such resources. The favorability of each rock
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body was determined t; l.s wistgace fouvin .naliow deposics (<100 m or

328 ft) of strategic or unique minerals, as follows:

Distance from Resource Deposit (miles)

0-1 >1-2 >2
1 2 3 4 5
More Adverse Scale Value More Favorable

A.2.2.4 Seismicity

This step 2 variable was based on guidelines 10 CFR 960.4-2-7(b)
and {c¢), and NRC regulation 10 CFR 60.122 which address ground motion due
to earthquakes. Such ground motion could result in damage to surface and
subsurface facilities, as well as the creation ¢f ground-water flow paths
due to possible reactivation of surface faults. Data on seismicity could
be used as a gsecreening wvariskle because they can be feiated te known or
suspected seismic source zcnes and can be expressed as probabilistic
cccurrences of maximum ground acceleration which can be used to define
arsas of relative seismic hazard. The scale used in assessing the
favorability of each rock body rated the maximum horizontal ground
acceleration which hes a 90 percent probability of not being exceeded in

250 years, as shown below:

Maximum Probable Ground Acceleration (% g)

>70 >50-70 >30-50 >10-30 <10
1 2 3 4 5
More Adverss Scale Value More Favorable
A-10



A.2.2.5 Suspected QUrt~Tin., Feuliing

Quaternary faulting is defined as 2z putetially adverse condition by
the NRC (10 CFR 60.122) and the DOE (10 CFR 950.4-2-7(b) and (¢} and
10 CFR 960.5-2-11 (¢)(1)). Land units where Quaternary faulting or fault
movement have been ncted should be avoided due to the potential for fault
movement to compromise the integrity of a repository system and impair
its ability to isclate waste by changing the ground-water flow system.
The favorability of each rock body was assessed using distance from known

and suspected zZones of Quaternary faulting as follows:

Distance From Fault (miles)

<5 >5
1 2 3 4 5
More Adverse Scale Value More Favorable

A.2.2.6 Postemplacement Faulting

This Step 2 variable also was based on guidelines 10 CFR 960.4-2-7(b)
and (¢), and 10 CFR 969.5-2-9(¢c)(5) The intent of this variable was to
avoid very large faults and zones c¢f brittle deformation that are likely
to represent potential ground water flow paths. The favorability of each
rock body was assessed using the distance from faults, shear zones, and
zones of brittle deformation of any age having a length of greater than

24 km (15 mi) or that are shown on small-scale bedrock maps, assessed as

follows:
Distance From Fault {miles)
0-3 >3-4 >4.-5 >5-6 >6
1 2 2 4 5
More Adversa Scale Value More Favorable
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A.2.2.7 Proximity to T~Zei.: -Protocics & o uds

Federal-protected iands identified as being disqualified in Step 1 of

the region-to-area screening methodology have been established to protect

and provide for public enjoyment of important national resources. The
use of adjacent lands for repository surface facility development could
have direct and indirect adverse effects on these lands; therefore,
consistent with 10 CFR 960.5-2-5(¢)(3), proximity to Federal-protected
lands was treated as a Step 2 screening variable, using straight-line

distance from those lands as an estimate of potential impact/adversity.

Distance From Boundary (miles)

0-3 >3-4 >4-5 >5-6 >6
1 2 3 4 5
More Adverse Scale Value More Favorable

A.2.2.8 Proximity to State-Protected Lands

Based on guideline 10 CFR 960.5-2-5{c)(4), proximity to
State-prctected lands which were disqualified was treated as a
region-to-area screening variable indicating potentialily adverse
conditions. Favorability of each rock body was determined using a

straight-line distance from those lands as follows:

Distance From Boundary (miles)

0-3 >3-4 >4-5 >5-6 >6
1 2 3 4 5
Mcre Adverse Rwale Value More Faverable



A.2.2.2 DPropozed Fer - LoU Lands

This Step 2 variatie was based on guideline 10 CFR 960.5-2-5(c)(3),
which is a potentially sadverse condition addressing Federal-protected
lands. Proposed Federal-protected lands were treated as a regional
screening variabls indicating potentially adverse conditiens. As
defined, these lands exhibit potential for inclusion in specific
categories of Federal-protected lands. That is, they may become
designated protected lands at some future date. The region-to-area
screening process will penalize these areas, but because they currently
do not enjoy the full measure of Federal protection, treatment as a
disqualifying factor is not warranted. The scale for assessing the
favorability of each rock body was based upon distance from these
features. Areas within the administrative boundaries of proposed
Foderal-protected Iende wers assigned the least favorable scale value for
repository siting. More favorable designations were assigned for

increased distance from proposed Federal-protected area boundaries.

Distance From Proposed Federai-Protected Lands (miles)

Inside
Boundary <2 >2-4 >4-6 >6
i 2 3 4 5
More Adverse Scale Value Mcre Favorable

A.2.2.16 National Forest Lands

As discussed under Section A.1.3, all lands within the administrative
bouridaries of national fcrests which are not classified as disqualifiers
wer2 treated as potentlally adverse conditionz, consistent with 10 CFR

960.5~2-5(c)(3). Locativn within the feature was given the most adverse



rating, with the degiwee of adversity dec.easing with increased distance

outside the boundaries, as follows:

Distance from National Forests (miles)

Ingide
Boundary <2 >2-4 >4-6 >6
1 2 3 4 5
More Adverse Scale Value More Favorable

State rForest Lands
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This Step 2 variable was based on guideline 10 CFR 960.5-2-5(c)(4).
State forest lands were treated in a fashion analogous to national forest
lands. Existing administrative boundaries for State forest lands were
mapped, and greater distances from these boundaries used to determine

lesser degrees of adversity, as indicated below:

Distance From State Forests (miles)

Inside
Beundary <2 >2-4 >4-6 >6
1 2 3 4 5
More Adverse Scale Value Mcore Favorable

A.2.2.12 Designated Critical Habitat for Threatened and Endangered

Species

The presence of critical habitats for threatened and e¢ndangered
species that may e comprex=iseu by the repository or its support
facilities is a potenti-~lly adverse condition, under guidelines 10 CFR
960.5-2-5(c)(2) and (6). Therefore, lands within the existing boundaries



s

of areas designated ag eriti:. i habitar (, I..eraiLy ilcted threatened
and endangered species were treated as more adverse, with the estimated

degree of adversity decreasing with distancz, as follows:

Distance From Boundary (miles)

Inside
Boundary <2 >2-4 >4-6 >6
1 2 3 4 5
More Adverse Scale Value Hore Favorable

A.2.2.13 Wetlands

This Step 2 varizble was based on guidelines 10 CFR 960.5-2-5(c)(1)
and (2). The importance of preserving wetlands has been officially
recognized and made part of national pelicy in Executive Order 11390,
Frotection of Wetlands, and is implemented by the DOE in 10 CFR 1022.
Development of a repository irn or near a wetland feature could represent
major conflicts with environmental requirements and/or could resulit in
significant environmental impacts that cannot be avoided or mitigated.
Areas that are classified as wetlands include swamps, marshes, bogs, and
similar features such as sloughs, potholes, wet meadows, river overflows,
mud flats, and natural ponds. Given the large number of wetlands in the
regions, the widely varying data sources, and dense areas of small
wetlands, the treatment of this variable was complex. However, the
sampling technique used (see Section 5.3.8 of the SMD, DOE, 1985b)
effectively depicts the boundaries of large wetlands as well as areas
with & high density of small wetlands. Proximity again was used as a
meajure of adverse impact; however, the distance limit for wetlands is
narcower because the potential surface hydrology, water quality,

acoiogical, and ncise-related impanis of reposzitory construction and
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operation are judged by . ST s ke cingikely, in most Liucances, ©O

extenid beyond a S-km ¢3-mi) limit arowu a given wetland.

Distance From Wetlands {(miles)

Inside
Boundary <1 >1-2 >2-3 >3
1 2 3 4 5
More Adverse Scale Value #ore Favorable

A.2.2.14 Surface Water Bodies

The concerns asscciated with the occurrence of water bodies in the
regional phase were that their presence could prohibit surface faciiity
development or lead to the flooding cf surface facilities. These
concerns are reflected in guidelines 19 CFR 960.5-2-8(c) and 10 CFR
960.5-2-10(b)(2). This variable received similar treatment to wetlands
in the sampling technique used to identify dense areas of smzll water
bodies, and in the distance limit, which was also reduced to 5 km
(3 mi). The CRP used this Step 2 variable to assess the favorability of
rock bodies based upon distance from major rivers, perennial lakes,

reservoirs, oceans, bays, and estuaries, as follows:

Distance From Water Body (miles)

Water Body
Indicated >1 >1-2 >2-3 >3
1 2 3 4 5
More Adverse Scale Value More Favorable
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A.2.2.15 Dopuvizlliyi, v

This Step 2 variabie, like the related Svep 1 disqualifying factor, was
based on the intent of the NWPA and guidefiinzs 10 CFR 960.5-2-1{b){1) and
(¢){2) to locate a repository outside of highly populated areas. The use
of population densities less than 1,000 persons per square mile as a Step
2 variable provided a conservative surrogate for the more detailed
studies required at later phases to accurately assess the health and
safety and other impacts which may result from the siting, construction
and operation of a repository. The gscaie fer this variable, as set forth
below, used equal increments of density below the 1,000 person per square
mile disqualifying threshhold, reflecting the regional phase assumption

that impacts of a ‘repository are a function of population density.

Population Density (persons per square mile)

80C-999 60C-799 400-599 200-399 0-199

1 2 3 4 5

More Adverse Scale Value More Favorable

A.2.2.16 Proximity to Highly Populated Areas or to

1-Mile Square Areas with 1,000 or More Persons

This Step 2 variable is base¢ upon 10 CFR 960.5-2-1(b){(2) and (ec)(2),
and 960.5-2-6(b)(1)-(4) and (c)(1), (2) and (4), which address proximity
to population centers, as a safety concern and as related to

socioeconomic impacts on the area. Greater distances from highly

|



populated areas and from an #¥CD or CCD with 1,000 or more persons per

square mile were scaled more favorably, 2s shown below:

Proximity to Highly Populated Areas or to 1-Mile Square
Areas With 1,000 or Mcre Persons (miles)

G-12 >12-24 >24--36 >36-48 >48
1 2 3 A 5
More Adverse Scale Value More Favorable

A.2.3 Favorgblility Maps

Using the variable scales established in the SMD, favorability maps,
utilizing the final data base applicable to Steps 2 and 3 of the
reglon-to-area screening methodology as contained in the six regional
characterization reperts {(DOE, 1985¢ thrcugh h) issued in September 1985
were prepared for each variable that geographically depicted those
numerical assignments as shades of gray. Each number (1 through 5) was
assigned a standardized shade of gray for all variables. By convention,
the darker the gray tone, the more adverse was the condition being

depicted.

A.2.4 Composite Map Development

Composite favorability maps were prepared after favorability maps
were generated for each variable and after sets of weights were

developed. Each grid cell was given a numerical entry for each Step 2

caria & 85 1ct insg & AGDEGDE aka = adeenmalan
variable, depicting the appropriate le £ adversit

4]

favorability. C{Compoesite or aggrezatc adversity or favorability maps were

prepared by calcuia.ing the weighted (arithmetic) average of all

favorability. One compusite favorability map was prepared using each set

of weights with the same zet of variable scales. The commgsite
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favorability maps indicecc cme che o vemiiglly aosl favorable rock

bedies or pertions of rock bodies are ioceked as determined by that

specific set of variable weights.

Composite favorability was evaluated for each weighting and scaling
scenario to support the candidate area selection process. Each map
generated provides 2 graphic depiction of those crystalline rock bodies,
or portions thereof, which are potentially the most favorable with
respect to the specific assumptions used in their preparation. The
darker the area on the composite maps, the less favorable that area is
based on that set of weights and scales. These maps are used as key
inputs to the Step 3 sensitivity analyses, and are discussed in
Section 3.1.2.

A.3 SENSITIVITY ANALYSES (STEP 3)

The third step in the region-to-area screening methodology was
sensitivity analyses performed on the results of Step 2. The following

four types of sensitivity analyses were conducted in this step,

e modifying the scales of certain Step 2 variables

e incorporating other geologic variables based upon
available rock body-specific data

» evaluating the effects of using the geometric mean
instead of the arithmetic mean as an alternate index of
sggregate favorability in deriving composite maps

e preparing and comparing summary composite maps.

A.3.1 Modifying Variable Scales

The selection and location of prcliminary candidate areas ace
iii”luenced by the ccalas developed for Step 2 of the region-to-area
screening procass. In an siforc to test the sensitivity of preliminary
candidate area selection “z Step 2 scaling, the CRP technical staff

modified the scales of three of the Step 2 variables. The selsciion by
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DCE of which scales to modify was based on feedback from the prior
methodology development workshops, on formal comments received on the
scales contained in the draft SMD (DOE, 1984c), and on CRP staff views of
the variable scales. DOE determined that three Step 2 variable scales
should be modified as part of the sensitivity analysis. The modified
scales to be used for these variables were established by DOE prior to
the weighting workshops and these scales were documented in the SMD (DOE,
1985b). The modified scales for these three Step 2 variables are as

follows.

A.3.1.1 Rock Mass Extent

The scale on rock mass extent was modified to reflect an extreme of
14 miles instead of 25 miles used in the original scale. The 20-mile
scale was originally selected on the basis that it provided adequate
flexibility to position a repository site within it. CRP felt that since
a repository site can be easily placed within a 7-mile-diameter circle, a
l4-mile-diameter rock mass extent would provide the adequate flexibility

needed.

Diameter of Maximum Circle That Will Fit in Rock Body (miles)

<2 >2-8 - >8-14 >14
1 2 3 4 5
More Adverse Scale Value More Favorable

A.3.1.2 Seismicity

The more adverse (A0% g) end of the modified scale presented below more
realistically represents ihe oxcreme ground acceleration that may be

expected in the three i Ziomg baing investigated, while the extreme value

X>
U
[
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of 70% g in the origiral =c: .- was rals... iu .&aximum c~releration

expected for the United States.

Maximum Probeble Ground Acceleration (% g)

>40 >30-40 >20-30 >10-20 <10
1 2 3 4 5
More Adverse Scale Yalue More Faverable

A.3.1.3 Proximity to Highly Populated Areas or to 1l-Mile Square Areas

i with 1,000 or More Persons

The scazle on population distances was modified from the 48-mile
adverse extreme to the 20-mile more favorable extreme to explore the
effect on aggragate favorability if the preliminary candidate areas are
| assumed to have less impact on populated areas. Although at either 48-

or 20-mile distances radiological effects are inconsequential based on

preliminary accident analyses in the Final Generic Envircnmental Impact
i Statement for Management of Commercially Generated Radioactive Waste
(DOE, 1980), this change considers the socioeconomic effects related to

the preliminary candidate areas.

Distance from Highly Populated Areas or to 1-Mile Square Areas
with 1,000 or More Persons (Miles)

0-5 >5-10 >10-15 >15-20 >20
1 2 3 4 5
Mo.'e Adverse Scale Value More Favorable
I
A-21

_



The set of scales with the three changes noted above was used with
corresponding sets of weights developed at the weighting workshops
{see S«.tion 2 3) to gererate additional composite favorability maps.
These maps w/* 2 compared with the composites that resulted from Step Z to
determine the exteri to which scaling differences affected the
identification of the most favorable preliminary candidate areas. The

results of these ccmparisons are presented in Section 3.1.3.2.

A.3.2 Incorporating Step 3 Variables

The Step 2 region-to-area screening variables describved in Section
4.2 were s2lected with the gecal of developing a reasonably consistent
data base for all 17 involved States. In response to State requests that
other rock body specific dates be incorporated into the analysis before
making candidate area recommendations, the CRP developed the concept of
Step 3 variables. This allowed the consideration of variables which have
only scattere¢ data available across the 17 involved States (e.g.,
state-of-stress), or for which the data collection effort to achieve a
consistent data base for use in Step 2 would have been prohibitively
expensive in relation to the expected ability of the variable to
discriminate among rocks (e.g., ground-water resources). The four Step 3

variables are described below.

A.3.2.1 Thickness of Rock Mass

The DOE siting guidelines favor rock bodies that have greater
vertical extent, for ease of modeling repository performance. Guideline
10 CFR 960.4-2-5(b)(1) specifies that a vertical dimension which permits
emnlacement of the waste at a depth of at least 300 m (984 ft) below the

dirvectly overlying ground surface is a favorable condition. BRecause most
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erystaliling roe%s = = weozs of mary thousanis of f.oe*. the scalz

used for this Step 3 vari b wae glven , _:i.§ range, =25 follows:

Distance to Bottom of Rock 3ody (feet)

0-3,000 >3,000-4,500 >4,500-6,000 >¢,000-7,500 >7,56%
i 2 3 4 5
More Adverse Scale Value More Favorable

A.3.2.2 Thickness of Overburden

This Step 3 variable is based on guidelines 10 CFR 260.5-2-%{e¢)(2),
and 960.5-2-10(b) (1) and (c), addrassing conditions relating to the
constructability of the repository. Construction of shafts in
crystalline rock is complicated by surficial deposits including soils,
glacial drift, and saprolites, especially where these deposits are
saturated with ground water. This variable was only applied in the North
Central Region where contourad dates were available. The scale below was
used to reflect concerns on thickness of overburden related to complexity
of construction and the availsble data. The scale adopted is the one
that fits the most abundant data and is within the range of values
significant to this issue.

Thickness of Overburden (feet)

>200 >100-200 <100
1 2 3 & 5
More Adverse Scale Value More Favorable

A.3.2.3 state-of-Stress
Knowledge of thc s.:te-of-stress of the rock mass is an important

characteristic to engineeri»e =nd consiructica of an underground

repository, because it reiutes to excavation stability. The DOE siting
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guldelines Guiine a2 ruvsr.’ sadition vader 10 CFF 260.5-2-2/b)(2) 25 a
host rock with characicristics that wouid ceguire minimatl or no
artificial support for underground openings to ensure safe repository
construction, operation and closure. The measure of stress state is the
magnitude of the difference between the maximum and minimum principal
stresses expected at the repository horizon. Because relatively few
stress measurements have been made in the three regions ¢f interest (and
even fewer in crystalline rock bodies, the scale adopted for application
of this Step 3 variable was based on (1) the range of stress conditions
actually found in nature, (2) the range of conditions of concern in.
constructing an underground facility, and (3) the uniaxial strength of

erystalline rock bodies.

Maximum Stress Difference (HPa)*

>30 >23-30 > 16-23%% > 10-16 <10
1 2 3 4 5
More Adverse Scale Value More Favorable

A.3.2.4 Ground-Water Resources

Concern for major sources of ground water as flow paths to the
accessible environment is reflected in DOE Siting Guidelines 10 CFR
960.4-2-1(c)(2) and 960.5-2-10(b)(1). Availability, reliability and
utility of data on this condition vary widely among and within the
States, but it was considered important enough to apply to favorability
determinations of crystalline rock bodies where available. The scale
adopted is based on the range of ground-water vield that san be

snticipated and the most abundant data available.

ST

* One MPa {(megapascal)
T ¥y presented in the SHD (DOS, 1%855) as 1

** This scale was inco

2.2

wyuais 145 pounds per square inch.
ztl

- A
LeEL L
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Average Ground Water Yield (gpm)

>500 >100-500 >20-100 <20
1 2 3 4 S
More Adverse Scale Value More Favorable

Weights for these additional 4 variables were also developed during
the weighting workshops (as discussed in Secticn 2.3) by having workshop
participants assign weights for these four Step 3 variables based upon
their perception of the importance of that variable relative to the other
varigbles. The set of weights was then computer-adjusted to the 1,000
point total. To incorporate this data into the faverability analysis,
CRP generated new composites and summary ccmposites based upon the
addition of the new variable(s) to affected grid cells. For those grid
cells without Step 3 data, nothing was assumed about the adversity or
favorability of those grid cells. The composites and summary composites
which included Step 3 data were evaluated along with those generated with
data on Step 2 variables and variables scales, as discussed in
Section 3.1.3.

A.3.3 Using Alternative Index of Aggregate Favorability

Step 2 used the weighted average (arithmetic mean) as a measure of
central tendency (i.e., aggregate favorability) for development of
composite favorability maps. The CRP believes that the weighted average
ie the appropriaste measure of sentral tendency. In the SMD {DOE, 1985b),

t aid in identifying or

digseriminating among the preliminary coniidate areas. A statistical

it was indicated that the geomsiric meen migh

anslysis of the use 2f *he welighted average versus the geometric mean was
aone on the 20 Step 2 and % variables to determine whether the use of the
geometric mean would sign.licantly change the selection of the

preliminary candidate asreas. This assessment is documented in Appendix 5.
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A.3.4 Evaluating Diffarent Sets of K2igits hy Preparing
and Comparing Summary Composite Mzaps

Step 2 and the sensitivity analyses (Step 3) described previously led
to the development of numerous composite favorability maps. The large
number of these maps made it difficult to identify preliminary candidate
areas for further study without further processing intc a form that
facilitated decision-making. This form was termed the "summary composite
map.” Development of summary composite maps is described in Section
3.1.3.1.

The summary composite map was used to identify the degree of
similarity or coincidence resulting from the various weight sets for
preliminary candidate areas for a related series of composites. The CRP
wanted to identify those preliminary candidate areas with the highest
aggregate favorzbility and highest degree of coincidence.
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APPCNDIX B

ALTERNATE INDEX OF AGGRLGATE FAVORABILITY

In accordance with the SMD {(DCE 1985b}), DOE evaluated the use of the
geometric mean as an alternate index of aggregate favorability for the
development of composite favorability maps. The weighted average, which
is the reference index of aggregate favorability was described in Section
3.1.2.1. The purpose of the evaluation is to determine if the aggregate
favorability derived using the weighted averages would differ
significantly from the aggregate favorability derived using the geometric

mean.

B.1 WEIGHTED AVERAGE

As described in Section 3.1.2.1, Step 2 of the region-to-area
screening methodology uses the weighted average as the reference index of
aggregate favorability to develop the composite favorability maps. The
formula for the weighted average, which is equivalent to the arithmetic

mean, is as follows:

n
AM = 1/1000 ¥ W S
i=1 1 i
where:
A = arithmetic mean (weighted average)
n
x21 = summation gign (over n variables)
Hi = weight assigned to variable i
Si = gcale value for variable i

1000 = total weighting points alilecated

n = aumber of varia*ies
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The weighted average was selected as tha reference indcx of aggregate
favorability since it is believed to represent a reasonable statistical
measure of central tendency in the context of the compcsite favorability map

development.
B.2 GEOMETRIC MEAN

Section 3.2.5.2 of the SMD (DCE, 1985b) proposed the evaluation of another
index, the geometric mean, as part of Step 3 - Sensitivity Analyses. The
formula for the geometric mean (GM) for the case where each scaled variable,

Sii is associated with a weighting factor, Hi, is as follows:

1/1000
n W
GM = | Il s i
i=1 1
where: ]
n
inl = Multiplication sign (over n variables)

By taking the logarithm of both sides, the formula reduces to

Log GM = 1/1000 2 W o Logs
n i i

The standard scale used to represent adversity and favorability of
the Step 2 and Step 3 region-to-area screening variables is of an
interval typevas opposed to a ratio scale. Based on this observation and
from the standpoint of measurement theory, the geometric mean is not a
permissible statistic representing the central tendency for an interval

scale (Stevens, 1964).
B.3 COMPARISON OF ALTERNATE INDICXS

Before developing com] .site favorability maps based on the geometric
mean, a test was carried out to examine if the use of the gecmetric mean

as an alternate index of aggregsate favorability would pro.. s additional

ingight into the regulte obtainsd by the use of the weighted average.
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The test involved il.. _asicuiation and ¢.apsrison of aggregate composite
favorability using the weighted average and geometric mean as the index
of favorability for each of the nine weight sets and for a single phage.
Phase C, 20 sc¢reening variables with the original SMD scales, was chosen
as the basis of the test becauss this phase incorporated all screening
variables used in Steps 2 and 3. Rather than using actual scaled
regional variables, this information has been developed through
simulation. Twenty random, digital numbers in the range 1 through 5 from
a uniform distribution were generated tc represent the 20 Step 2 and 3
regional variables. Composite favorability values were calculated using
the weighted average or arithmetic mean (AM) and the geometric mean (GHM)
using the randomly generated scale values and the nine weight sets
developed at the weighting workshops for Phase C (see Tables 2-6 and
2-10). The calculation of composite favorability was repeated several
thousand times for each weight set and for each alternate index of
favorability, i.e, AM and GN.

Table B-1 shows the results of 50 runs of the test as well as the
averages of using the twe means for all runs. Based on this test; the

following observations and conclusions were made:

e There is not a single case where the aggregate favorability
using the geometric mean is larger than or equal to the

aggregate favorability derived using the weighted average.

e The long run averages of the arithmetic versus geometric
means are different and the difference between them is

essentially constant; i.e., 0.36.

Based on the above cbservations. if a group of preliminary candidate
sreas are identified at a given aggregate favorability score by using the
arithmetic mean as the index .. [avorability, the same group of areas
would be identified at ~ 2lightly lower =zggregate favorability score when

calculated by using the geometric mean as the index of favorability.

c2
!
W



This also demonstrarez that the use af che geometric mean 1nstesd of the
weighted average to establish the benchmarks for use in dsveloping the
summary composite maps, as described in Section 3.1.3.1, would nct result
in different preliminary candidate areas being identified. Using the
geometric mean in Step 3 will not provide additional insight into the
results which have been derived using the weighted average as the index
of aggregate favorability. Thus, this alternate index of aggregate

favorability was not used further.
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APPENDIK C

ALTERNATE SUMMARY COMPOSITE MAPS

C.1 ALTERNATES CONSIDERED

In the process of implementing the region-to-area screening
methodelogy, three other types of summary composite maps (in addition to
the frequency of occurrence-best candidate area) were considered for
application. These alternatives were the frequency of occurrence-
standard cut point summary composite, the frequency of
occurrence-percentile summary composite, and the standard cut point-pure
coincidence summary composite. Each of these alternatives is discussed
briefly below, and a rationale is provided as to why the selected summary

composite is believed to be the preferable approach.

C.2 FREQUENCY GF CCCURRELCE-STANDARD CUT POINT SUMMARY COMPOSITE

This summary composite displays the number of times (out of nine)
that a given grid cell exceeds a certain aggregate favorability score.
This is the type of summary composite that is depicted on Figure 12 of
the SMD (DOE, 1985b). To develop this type of summary composite, the
information on the individual composite favorability maps is used
directly (i.e., aggregate favorability scores for each grid cell). For
each grid cell, the aggregate favorability score(s) (as defined by each
of the nine weighting subgroups) is compared to a standard aggregate
favorability score. This standard aggregate favorability score (or
benchmark) is a constant value. To yield the desired number of areas (on
the summary composite map)}, with sach area exhibiting the reguired
spatial characteristics described previously, the standard cut point (or

senchmark) is adjusted either upvards or downwards.
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The major drawback of tills tyne of summary composite is thet,
depending on the ~tun’ - soia’ selacted, the composite faverability
maps associlaced with cerv. At mnies auybzreoups may nc. olitain czlls or
areas with aggregate raverablliity scores above the standard cut point.
This is reflected in Tables 3-4a and b where the benchmar¥s for the Phase
A composite favorabiiity maps vary between 4.4 for CRP subgroup 3 and 3.3
for States' subgroup 1. As noted in the SMD (DOE, 1985b), the purpose of
summary composite maps is to identify the similarity or overlapping
portions of the most favorable areas as defined by a series of composite
favorability maps. The DOE believes that if the standard cut point
summary composite was implemented it would be somewhat more difficult to
demonstrate that the more favorable areas, as defined by each of the
weighting subgroups, were considered in the identification of the more
favorable preliminary candidate areas. Therefore, this type of summary

composite was not used.

C.3 FREQUENCY OF OCCURRENCE-PERCENTILE SUMMARY COMPOSITE

This summary composite displays the number of times (out of nine)
that a given grid cell is rated in the highest X percent on any of the
composite favorability maps. Tec develop this type of summary composite a
process very similar to that used for develcpment of the frequency of the
occurrence-best candidate area summary composite maps is employed. The
major &ifference is that rather than identifying for each weighting
subgroup the aggregzts Ifavsrzbility score (or benchmark) that vields
approximately 20 areas, a desired percentile is specified firset and that
percentile determines the corresponding benchmark. This same percentile
is used for all weighting subgroups, and the aggregate favorability score
(benchmark) corresponding to that percentage is adjusted accordingly.

The major drawback to this type of summary cemposite is that the
salection of a percentile as the basis for developing the summary
composite maps does not take into nz~runt whether groups of cells

configure in such a fashion as to accept the 11 km (7 mi, diameter circcle
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(which is used to desigr=t- :irelimina, . 3n2 Gate aicer). That is, it is
not quite as apparent (as with the frequency of occurrence-best candidakie
areas summary composite) that each compositr fsvorability map has been
evaluated and in doing so the more favcrable areas have been identified
on each composite prior to development of the summary composite map.

Therefore, this type of summary composite maps was not used.

C.4 STANDARD CUT POINT - PURE COINCIDENCE SUMMARY COMPOSITE

This type of summary composite map is a special case of the frequency
of occurrence - standard cut point summary composite map discussed in
Section C.2. While the frequency of occurrence - standard cut point
summary composite displays the number of times out of 9 that the
aggregate favorability scores for a given grid cell exceed a standard
aggregate favorability score, the standard cut point - pure coincidence
summary composite displays for one (or more) standard aggregate
favorability scores or cut points, the grid cells that exceed these
standard cut points for all nine weighting subgroups. In order for a
grid cell on this type of summary composite to be designated as exceeding
a given cut point score, the aggregate favorability scores for each of
the nine weighting subgroups for the particular cell must exceed the cut
point.

The implication of this is that the lowest aggregate favorability
score (for a specific grid cell) as defined by one of the nine weighting
subgroups becomes the composite favorability score for the grid cell.
Depending on how subgroups assigned weights to the screening variables,
it is possible that the weights derived by the same (one or two)
subgroups may govern the standard cut points associated with a majority
of the grid cells. As described below in Section C.5, through the use of
t statistical test, it was determined that State 1 Subgroup and CRP

cubgroup 4 are :the mo=t dissimilar among the subgroups; hence they were



R

the dominant euhar - . ..s3ult.of this, these twe subgruups would
govern the identificatinr .. ths mouse ge = nie ar<es and the remaining
subgroups would have significantly diminished input into this process.
The CRP does not view such an occurrence as consistent with the intent of
the region-to-area screening methodology which was to capture
representative views, including the extremes, regarding the relative
importarice of screening variables and te incorporate these views in the

selection of the preliminary candidate areas.

During development of the draft ARR, DOE generated several draft maps
using the standard cut point-pure coincidence apprcach. DOE determined
that the weights derived by one or two subgroups did, in fact, govern the
standard cut point associated with a majority of grid cells and,
therefore, did govern identification of the mora favorable areas. For
these reasons, DOE abandoned this approach as a method for generating

summary composite maps.

C.5 SIMILARITY IN SUBCROUP WEIGHTS

To identify the degree of similarity among the subgroups and
subsequently pinpoint the most dissimilar (governing) subgroups, a
statistical test was performed. The test was based on hypothesis testing
which compared the weight sets in a pairwise fashion. To carry out the
test, the weight sets were assumed to represent samples of some
population. The number of variables in s subgroup indicated the size of
the sample. When two samples have been drawn from the same population,
we may practically expect that they differ. The difference between their
parameters, i.e., the means, is due to sample variation. The task of
proving whether two (or more) samples have been drawn from the same

population is a hypethesis testing.
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The hypouchesis that o e ag rezregent the some | spuiation is
called the null hypoinaesis. To perfora ~he statistical test the null
hrpothesis is first proposed and then rejected in favor of an alternative
hypothesis, if appropriate. This procedure is necessary because

statistical tests cannot ascertain agreements.

The two hypotheses related to the weight sets can be phrased as

follows:

e Null Hypothesis: The view of subgroup x
ig the same as

that of subgroup y.

@& Alternative Hypothegis: The view of subgroup x
is different from that
of subgroup y.

Since conclusions drawn from statistical tests are not absolute, they
must be associated with confidence levels. In order to reject or retain
the null hypothesis, it 1s necessary to assign a probability for making
an error in judgement (i.e., level of confidence). Essentially, there
are two error types; Type I error, the error of rejecting a correct null
hypothesis; Type II error, the error of retaining a false null
hypothesis. The error of Type I is more serious error to make and this
arror is typically assumed to be 5%. It will be interpreted that when
the correct null hypothesisis is retained, there will be 95% confidence
in the judgement made.

As pointed out, the weights assigned to the regional variables were
censidered as samples from unknown populations. There were two ways to
tndertake the statistical test: (3} ascuming a distribution for the
pcpulation (of weirh*<=), and (2) performing a distribution-free test.
Both tests were carried out.



The tesis werse '=u - - comparing two subgroups at & time for
each of the 16 variables & ..lacwi o0 17 Thass 2. The number of times

the »ull hypothesis was retained with 35% corfidance level were counted.
The degree of similarity was defined in terwms of the number of times the

two subgroups have similar views.

The results of the statistical tests were summarized in a two
dimensional array, a matrix of similarity. Each element of the matrix
represents the number of times the corresponding subgroups had the same
views (i.e., the number of times the null hypothesis was retained). The
matrix is symetrical with the main diagonal elements egualing 16,
indicating when a2 subgroup is compared with itself, the null hypothesis
is retained for all the variables. Tables C-1 and C-2 show the matrices
of similarity determined by the tests for Phase A, using both tests. The

same tests were carried out for other phases with similar results.

The sums of the columns (or the sums of rows) are the inzlicators of
similarity among the subgroups. The elements of the matrix depict how
similar the pairs of subgroups are.

As indicated in the matrices the most dissimilar subgroups are:

e State Subgroup 1
e CRP Subgroup 4
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Table C-1. Matrix of Similarity for 9 Subgroups
Over i6 Variables Uzing the Wilcoxon-
Mann-Whitney Test (U-Test)

PHASE A

CRP STATE
1 2 3 4 5 1 2 3 4
1 16 6 9 1 2 6 11 3 8
2 6 16 11 4 6 3 11 3 7
CRP 3 g 11 16 4 7 & 10 5 7
4 1 4 4 16 8 2 5 7 12
5 2 6 7 8 16 2 7 5 10
1 6 3 4 2 2 16 8 8 8
STATE 2 11 11 10 5 7 8 16 7 11
3 3 3 5 7 5 8 7 16 13
& 8 7 7 12 10 8 11 13 16
COLUMN SUMS: 62 67 73 59 63 57 86 67 92

Matrix of Similarity for S Subgroups
Over 16 Variables Using the Fisher-
Behren Test (Modified T-Test)

PHASE A
CRP STATE
1 2 3 4 5 1 2 3 4
1 16 6 9 1 4 8 12 3 5
2 6 16 11 4 4 4 10 3 7
CRP 3 9 11 16 3 6 & 9 4 6
4 1 4 3 16 7 2 7 7 12
5 % 4 6 7 16 2 8 6 8
1 8 4 4 2 2 16 9 7 7
STATE 2 12 10 9 7 8 9 16 6 10
3 3 3 & 7 6 7 6 16 11
4 5 7 £ 12 8 7 10 11 16
COLUMN SUMS: 64 65 £8 59 61 59 87 £3 82
c-7
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APPENDIX 1

QUALITY CONTROL OF MAP PRODUCTS

The region-to-area screening methodology utilizes computers to store
regional environmental and geoclogic data and to produce the series of
maps described previously in Sections 3.1.1, 3.1.2, and 3.1.3. Tc ensure
that the computer-generated maps (which portray the results of Steps 1
through 3 of the region-to-area screening methodology) are accurate, a
series of quality assurance/quality control procedures were implemented.

These procedures are briefly described below.

The starting point in this process is a set of hand-drawn maps which
have been subjected to the full complement of quality assuramnce/quality
control reviews and sign-off. The data from these plates are entered
into the computer (i.e., digitized) and processed so that each data item
is represented in a topologically correct digital file. At the
completion of this process, each RCR data item (whether linear, polygonal
or point data) has been converted to a form which allows it to be
processed, and/or reproduced by computer. Once this automation process
is completed for a given data set (e.g., Federzl-protected lands or
postemplacement faults), an edit plot is produced. The computer is, in
effect, asked to reproduce the original data (in polygonal form) from the
digital files produced in this step. The resultant plot should almost
exactly reproduce the RCR data. To verify this, the edit plot is
physically overlayed on the original data map and the two are compared.
Every feature is checked to ensure that the automated data iie within a
+1 mile error tolerance of the original data (in most cases near
coincidence is actually achieved). If corrections are required, the

piacess is repeated until a +1 mile tolerance is achieved.

|



The nex* 2ty i.. the “iztjon process is t4 coavor vha digitsl
polygonal, lineer, a..l ;oin. 2ata to a ¢.1d cell representatien (i.e.,
all datz are assigned to onc or more 1 miic by 1 mile grid cells in
accordance with a set of decision rules whics are available upon request)
in which form all subsequent screening operations are conducted. A
primary cbiective of this process is to obtain the mest accurate possible

gridded representation of each data feature.

As with datz automation, quality control for this step requires
manually checking zll of the dats features to ensure that they havz been
converted tc gridded form. 1In this case a plot of both the polygonal
data and its grid cell representation is prepared on a single sheet, with
each data form depicted in a different color. Quality control checkers
examine these plots and note any deviations from proper conversion

convernitions.

In the next step, buffering (distance calculation) algorithms are
applied and scale values are assigned to produce favorability maps for
each of the variables listed in the SMD. Certified computer programs are

used to accomplish this step.

A quality controcl graphic (grey-tone map) is produced which displays
the resuiting favorability maps. Although the use of certified programs
provides adequate documentaticn that these operations were performed
correctly, several checks are made to ensure that the program itself was
set up and executed properly. The quality control checker first verifies
that the computer operator has generated the proper instructions. A
quality control grephic is then overlayed on the original data map to
ensure that all features appropriate to that veariable are represented.
Buffers for a few features (<5%) are checked to ensure distence

‘ncrements and scale values set forth in the SMD were utilized.

Pollowing procductiuii of t* favorability maps, composite and summary
composite maps are prodriced. The composite and summary composite maps

are produced using certified computer programs. As it is imprectical

D-2
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(based upon expense, cime, and inspectic: fFatigue) to do 100% inspection
of each of the tens of thousands of grid cells, it was decided to check a
representative portion or sample of grid cells to decide if each of the

composite favorability and summary composite maps are acceptable.

For each map, cell descriptions are prepared for the representative
sample of cells. These descriptions provide a quality control checker
with a list of individual map data which contributes te the values
calculated for the composite or sumnary composite map product being
checked. The checker can then verify the accuracy of the mathematical or
logical operation used to produce the composite or summary composite
map. A review of the computers command is also performed to recheck and

set up the exacution of the program.

The method arrived at to accept or reject composite favorability or
summary composite map set is based on a go-no go basis and not by the
number of defective cells per map set. Thus, if no defective grid cells
were found in the sample, the composite favorability or summary composite
maps would be accepted. If cne defective grid cell was found in the

sample, the composite favorability or summary composite map set would be

reiectod.

rejecLac.:
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