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By letter dated May 12, 2016 (Reference 1 ), Tennessee Valley Authority (TVA) submitted an 
application for an early site permit for the Clinch River Nuclear (CRN) Site in Oak Ridge, TN. By 
letters dated October 21, 2016 (Reference 2) and October 28, 2016 (Reference 3), TVA 
provided supplemental information related to geologic characterization information, surface 
deformation, stability of subsurface materials and foundation, and vibratory ground motion in 
support of the early site permit application . By electronic mail dated August 1, 2017 
(Reference 4), Nuclear Regulatory Commission (NRC) issued a request for additional 
Information (RAI) regarding basic geologic and seismic information associated with the CRN 
Site. 

Enclosures 1 and 2 to this letter provide the response to RAI Number 5, Questions 02.05.01-04 
and 02.05.01-06, including Site Safety Analysis Report (SSAR) markups. The SSAR markups 
will be incorporated in a future revision of the early site permit application. By letter dated 
September 15, 2017 (Reference 5), TVA provided response to RAI Number 5, Questions 
02.05.01-01 and 02.05.01-02. By letter dated September 29, 2017 (Reference 6), TVA provided 
response to RAI Number 5, Questions 02.05.01-03, and 02.05.01 .05. 

There are no new regulatory commitments associated with this submittal. If any additional 
information is needed, please contact Dan Stout at (423) 751-7642. 

I declare under penalty of perjury that the foregoing is true and correct. Executed on this 
19th day of October 2017. 

J. . Shea 
President, Nuclear Regulatory Affairs and Support Services 

Enclosures: 

1. Response to NRC RAI Number 5, Question 02.05.01-04 
2. Response to NRC RAI Number 5, Question 02.05.01-06 

cc: (Enclosures) 

A. Fetter, Project Manager, Division of New Reactor Licensing (1 copy) 

cc: (without Enclosures) 

F. Akstulewicz, Director, Division of New Reactor Licensing , USNRC 
J. Colaccino, Branch Chief, Division of New Reactor Licensing, USNRC 
M. Sutton, Project Manager, Division of New Reactor Licensing, USNRC 
P. Vokoun, Project Manager, Division of New Reactor Licensing, USNRC 
T. Dozier, Project Manager, Division of New Reactor Licensing, USNRC 
M. M. Mcintosh, Regulatory Specialist, Eastern Regulatory Field Office, Nashville 

District, USACE 
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NRC RAI 02.05.01-04 Question 
 
Shear Fracture Zone  
 
SSAR Section 2.5.1.2.4.3.4 Shear Fracture Zones, as revised in supplement CNL-16-162, 
Enclosure 2, concludes that the shear fracture zones (SFZ) developed during Alleghenian 
Valley and Ridge shortening (orogeny); that the SFZs represent interbed slippage estimated to 
be on the order of inches; that stylolites that truncate the shear zones developed diagenetically 
during active deposition and lithification of sediments in the Appalachian basin; that the 
stylolites also post-date the shear zone. This Section concludes that this indicates a Paleozoic 
rehealed shear zone. Characterizing tectonic structures at the CRN site location is a 
fundamental component of compliance with 10 CFR 100.23 (c-d). Therefore please address 
staff’s concerns regarding your assessment of the SFZ. 
 
a. The SSAR indicates that the bedding-conformable nature of the stylolites indicates that 

they developed diagenetically during active deposition and lithification of sediments 
deposited in the Appalachian foreland basin. Staff notes that this implies formation of 
stylolites prior to Alleghanian orogeny. The SSAR then states that the SFZ developed 
during the Alleghanian deformation. If the diagenic stylolites formed during limestone 
deposition they would certainly pre-date the shear zone that shows severe warping and 
brecciation (Drakulich). Reconcile these inconsistent statements. 

 
b. Figure 2.5.1-68 shows a schematic of the Shear Fracture zone and proposed diagenetic 

stylolites. Staff notes that the stylolites do not penetrate the whole shear zone and there are 
slickensides on the hanging wall boundary of the shear zone with country rock with no 
cross-cutting stylolites. The conclusion that the stylolites post-date the shear zone is not 
supported based on this conceptual figure of interpretations. Please clarify this 
interpretation with respect to timing on stylolite formation and movement on the SFZ. 

 
c. SSAR Section 2.5.1.2.5.1.2 Karst Processes and Features at the Clinch River Nuclear Site, 

indicates that Kummerle and Benvie (Reference 2.5.1-257) mention geologic mapping for 
CRBRP but that these geologic records were not available to the CR SMR Project. 
However, staff notes that Drakulich (1984) reported on geologic mapping of CRBRP 
excavation, described the SFZ and indicated that the SFZ bedding plane slip transitions 
into upright and overturned folds. Please provide a discussion of information in Drakulich 
(1984) as it relates to the SFZ exposure in the excavation, including the related folding. 
Provide a geologic cross section of the excavation showing the SFZ and the stratigraphic 
units that crop out in the excavation such as shown in App C, Rizzo Report. Also annotate 
Figure 2.5.1-54 with the location of the SFZ. 

 
d. The SSAR characterizes the SFZ, Chestnut Ridge fault, and the Whiteoak Mountain and 

Copper Creek thrust faults as Alleghanian structures which implies that they are coeval. 
SSAR descriptions show that these features have distinct and unique characteristics from 
one and other. The SSAR has not provided a synthesis of their interrelationship which 
discusses how these tectonic structures are related to each other, with the tectonic setting 
of the site, and to the timing of formation. Please provide this evaluation. 

 
e. Figure 2.5.3-6 illustrates the mapped location of one of the SFZs that have been identified 

in core (CBRP and CR ESP), within the 0.6 mile radius of the CR site. Please provide a 
closer view (larger scale) of SFZ across the site area on a geologic map of Paleozoic 
stratigraphic units such as Figure 2.5.1-29 (as revised in CNL-16-162). 
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f. The SSAR indicates that the shear zone crops out to the northeast of the CRBRP along 

the right bank of the Clinch River arm of the Watts Bar Reservoir striking parallel to 
bedding planes. Please indicate this location on the figure prepared for item (f). 

 
g. Figure 2.5.3-9 indicates the SFZ on the cross section. However, there is no indication 

where the SFZ is located on the map section. Please indicate the projected location of the 
SFZ on the map section.  

 
TVA RAI 02.05.01-04 Response 
 
In general, the shear-fracture zones, originally termed “shear zone” in the Clinch River Breeder 
Reactor Project (CRBRP) Preliminary Safety Analysis Report (PSAR), Volume 2 (Reference 1), 
were initially defined as “a zone of interbed slippage characterized by a combination of 
slickensides, calcite veins, and 1-inch by 1-foot segments that are either severely warped or 
brecciated.”  CRPRP PSAR, Volume 3 (Reference 2) builds on this definition, stating “there are 
calcite-filled fractures across bedding and small zones of paper-thin slickensides oriented 
parallel or subparallel to the bedding.”  Reference 2 concludes that “The ‘shear zone’ is not a 
fault breccia nor a fault zone.” 
 
The “shear zone” identified in the CRBRP PSAR is referred to as shear-fracture zone in the 
current investigation.  Based on direct observation of Clinch River Nuclear (CRN) Site rock core 
(see SSAR Figure 2.5.1-90), shear-fracture zone attributes include: 
 
• These zones exhibit a relative abundance of calcite veins compared to adjacent rock. 

Calcite veins appear to be randomly oriented; they are observed at high angles to, and 
subparallel with bedding. Locally, calcite veins appear to be folded or deformed. 
 

• These zones, and calcite veins within the zones, are commonly truncated by stylolites. 
Stylolites that truncate calcite veins within the shear-fracture zones are variously oriented 
parallel to bedding, at high angles to bedding, and subvertical.  Apparent offsets in veins 
appear to be a function of juxtaposition related to volume loss along stylolite surfaces. 
 

• Locally, angular pieces of carbonate rock appear to be juxtaposed within the zones. 
Where this occurs, there is no fine matrix that includes poorly graded angular fragments of 
adjacent rock. In other words, “brecciation” does not appear to be by brittle cataclasis, but 
instead, juxtaposition by pressure solution. 
 

• Slickenlines occur along bedding planes and less commonly along vein surfaces. 
However, slickenlines occur on numerous bedding plane surfaces throughout the 
stratigraphic section, and are not unique to the shear-fracture zones. 
 

• Several shear-fracture zones are reported to be up to approximately 22 ft thick.  Thicker 
zones, reported in the boring investigation (Reference 3), generally do not exhibit 
continuous shear-fracture zone characteristics over the entire reported depth interval. 
Areas of strain that characterize the shear-fracture zones tend to be localized over 
intervals of only a few feet or less. 
 

The interpretation that this zone is “not a fault breccia nor a fault zone” (Reference 2) is 
consistent with evidence from rock core acquired during the current investigation (Reference 3). 
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There is no observed evidence for: 1) angular pieces of host rock in a relatively fine matrix that 
would indicate mechanical grain-size reduction by brittle cataclasis; 2) omission or repetition of 
stratigraphy; 3) truncation of structures by the zone; 4) localized zones of relatively high-strain 
or deflected markers rotated into a distinct shear zone; or 5) lateral or up-dip continuity of the 
zone across the site.  The term shear-fracture zone was adopted for the CRN Site Early Site 
Permit Application (ESPA), as the zones consist of dispersed, calcite-filled fractures, 
slickenlined bedding and vein surfaces, and truncations of veins and lithologies by multiple 
generations of stylolites.  
 
The following orientations and crosscutting relationships of stylolites, among other structures, 
are key to their characterization: 
 

1) Truncation of the shear-fracture zone, or calcite veins within the zone, by bedding-parallel 
stylolites i) demonstrates pre- to syn-diagenetic development of these zones and 
precipitation of calcite in veins, and ii) supports stratigraphic (lithologic) control on the 
development of the shear-fracture zones. 
 

2) Truncation of calcite veins within the shear-fracture zone by steeply dipping and 
subvertical stylolites, folding and deformation of calcite veins, and slickenlined vein and 
bedding surfaces demonstrate a tectonic overprint on the zone, likely related to 
Alleghanian shortening related to emplacement of Valley and Ridge thrust faults. 
  

Based on the observations described above, the shear-fracture zones are interpreted to 
represent portions within the carbonate stratigraphic section that accumulated strain, facilitated 
by pressure solution with limited mechanical cataclasis (bedding parallel slip and slip along vein 
surfaces), during Alleghanian shortening and emplacement of Valley and Ridge thrust sheets.  
A possible explanation for concentration of strain at the shear-fracture zones is that the specific 
lithology (carbonate geochemistry) where the shear-fracture zones developed, combined with 
the prevailing stress conditions and fluid geochemistry during Alleghanian deformation, resulted 
in the accommodation of strain primarily via diffusional mass transfer processes during regional 
shortening and emplacement of thrust sheets. 
 
Specific responses to each part of RAI 02.05.01-04 are detailed below: 
 

a. The shear-fracture zones are truncated by bedding-parallel stylolites; this observation is 
reported in the CRBRP PSAR (References 1 and 2) and during the current subsurface 
investigation (Reference 3).  This suggests that these structures, or at least portions of 
them, developed prior to or during diagenesis and lithification of the carbonate rock. 
However, these zones also include evidence for limited bedding-parallel slip, deformation 
of calcite veins, and in several cores, steeply dipping and subvertical stylolites that 
truncate calcite-filled fractures within the shear-fracture zone (References 1 through 3). 
These latter observations have been added for clarity to SSAR Subsection 2.5.1.2.6.4 and 
indicate a tectonic overprint on the shear-fracture zones, most likely related to intense 
shortening and emplacement of Valley and Ridge thrust sheets during the Alleghanian 
orogeny.  As outlined above, observations from the rock core indicate strain was 
accommodated via diffusive mass transfer with limited brittle cataclasis (slip along bedding 
planes or vein surfaces).  SSAR Subsections 2.5.1.2.4.3.4, 2.5.3.2.2, and 2.5.3.4.2 are 
being modified to clarify the observed crosscutting relationships with regard to stylolites 
and the shear-fracture zones as indicated in the SSAR markups below.  SSAR Figure 
2.5.1-90 is also being added as indicated in the SSAR markups below. 
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b. Truncation of the shear-fracture zones and calcite veins within the zones by bedding-

parallel stylolites demonstrates pre- to syn-diagenetic development of these zones, 
including the precipitation of calcite in veins.  However, this relationship does not preclude 
post-diagenetic strain.  In fact, steeply-dipping to subvertical stylolites and deformed 
calcite veins support a post-diagenetic tectonic overprint, likely related to the Alleghanian 
orogeny.  SSAR Figure 2.5.1-68 is being modified to clarify the observed attributes and 
crosscutting relationships with regard to the shear-fracture zones.  Additional text is added 
to SSAR Subsections 2.5.1.2.4.3.4 and 2.5.3.4.2 to clarify the interpretation of shear-
fracture zone timing relative to the multiple generations of stylolites (diagenetic and 
tectonic).  These changes are indicated in the SSAR markups below. 

 
c. The distinction between the observations and interpretations reported by Drakulich 

(Reference 4) is key to understanding the expression of deformation exposed in the 
CRBRP excavation.  Reference 4 reports that the “western shear zone” (shear-fracture 
zone) in the Unit A Limestone (Eidson Member of the Lincolnshire Formation) was 
encountered below excavation grade in exploratory borings, and that no evidence for 
deformation in that stratigraphic unit was observed in the excavation.  However, Reference 
4 reports the underlying Unit A Lower Siltstone (Blackford Formation) “is highly deformed 
by the thrust-and-fold structures.”  Reference 4 interprets the deformation in the Blackford 
Formation to represent the up-dip extension of the shear-fracture zone.  An implication of 
this interpretation is that the “shear zone” in the Eidson Member, identified only in 
exploratory borings and not observed in the Eidson Member in the excavation, ramps 
down section into the underlying Blackford Formation siltstone (see SSAR Figure 2.5.1-91, 
Sheet 3 of 3).  In other words, the “western shear zone” of Reference 4 is not observed to 
correspond to the Eidson Member “shear zone” identified in the CRBRP PSAR 
(References 1 and 2) and termed shear-fracture zone in the current investigation 
(Reference 3).  Alternatively, the deformation documented in Reference 4 in Blackford 
Formation siltstones immediately below the Eidson Member carbonates could be the result 
of the mechanically weaker siltstone of the Blackford Formation accommodating greater 
strain relative to the mechanically stronger carbonates of the adjacent Eidson Member.  In 
this scenario, observed deformation within the Blackford Formation records bedding-
parallel flexural slip accommodated by brittle cataclasis during shortening of the Valley and 
Ridge foreland fold-thrust belt.  SSAR Subsection 2.5.1.2.4.3.4 is being modified to include 
this discussion, including the addition of new SSAR Figures 2.5.1-91 and 2.5.1-92, as 
indicated in the SSAR markups below. 
 
Additionally, Reference 4 does not observe the shear-fracture zone in the Eidson Member 
of the Lincolnshire Formation transition to bedding plane slip or folds.  Reference 4 reports 
common bedding-parallel slip that locally produces meso-scale folds.  Reference 4 does 
report “thrust-and-fold structures” in the underlying Blackford Formation.  Photograph 22 of 
that report (SSAR Figure 2.5.1-92) documents what appears to be a meso-scale fault-
propagation fold that was exposed in the Equalization Basin excavation (Reference 4).  
 
The geologic map of the CRBRP excavation and cross section from Reference 4 is being 
added as SSAR Figure 2.5.1-91 to supplement the discussion in the ESPA.  Based on a 
review of the aerial photograph of the completed site excavation from Reference 5 (SSAR 
Figure 2.5.1-54) and the geologic maps of the excavation provided by Reference 4, the 
trace of the shear-fracture zone occurs outside of the aerial photograph presented in 
SSAR Figure 2.5.1-54. 
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d. The Valley and Ridge province thrust faults that occur within the site area, in addition 
to the shear-fracture zones at the Site, are discussed in terms of the three primary 
deformation mechanisms (see Reference 6): 1) brittle cataclasis (i.e., mechanical 
grain-size reduction); 2) diffusive mass transfer (i.e., pressure solution); and 3) 
intracrystalline plasticity.  Although the thrust faults, and most likely the shear-fracture 
zone, were emplaced or accommodated strain during the late Paleozoic Alleghanian 
orogeny, these features exhibit distinct mesoscopic attributes that represent variations in 
the relative contribution of deformation mechanisms to the cumulative strain in the rocks.  
New SSAR Subsection 2.5.1.2.4.4, “Characterization of Alleghanian Foreland Fold-Thrust 
Structures,” is being added to include this discussion as indicated in the SSAR markups 
below. 

 
e. New SSAR Figure 2.5.1-91, provided in the SSAR markups below, includes the projected 

trace of the “shear zone” from the CRBRP PSAR (Reference 2) and the excavation map of 
Reference 4 and the corresponding “western shear zone.”  This figure also includes 
boreholes from the CRBRP investigation (Reference 1) and the current investigation 
(Reference 3). 

 
f. The location of the shear-fracture zone exposure reported in the CRBRP PSAR 

(Reference 2) is included in new SSAR Figure 2.5.1-91 that is being added to address 
part e. 

 
g. SSAR Figure 2.5.3-9 is being modified as indicated in the SSAR markups below to show 

the projected extension of the shear-fracture zone. 
 
The SSAR markups will be incorporated in a future revision of the early site permit application. 
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SSAR Markups 
 
SSAR Subsection 2.5.1.2.4.3.4 is being revised as indicated.  Underlines indicates text to 
be added.  Strikethroughs indicate text to be deleted. 
 
2.5.1.2.4.3.4 Shear Fracture Zones 
 
During the CRBRP site investigation, a structure was identified in the Unit A Limestone (Eidson 
Member of the Lincolnshire Formation) that was described as an ancient rehealed “shear zone” 
(Reference 2.5.1-100).  The “shear zone” was encountered in 39 boreholes during that 
investigation, and a surface exposure in the northeastern portion of the site was described in the 
CRBRP PSAR (Reference 2.5.1-238) (Figure 2.5.1-65).  This zone wasis described as 19 to 46 
ft thick, and is on average approximately 35 ft thick (Reference 2.5.1-100).  The zone, including 
slickensides, is conformable with bedding (Reference 2.5.1-238).  It is characterized as “a zone 
of interbed slippage characterized by a combination of slickensides, calcite veins, and 1-in. to 
1-ft segments that are either severely warped or brecciated” (Reference 2.5.1-100).  The 
authors concluded that the “shear zone” is a zone of interbed slippage that developed during 
Alleghanian Valley and Ridge shortening, based on the truncation of calcite-filled fractures by 
stylolites (Reference 2.5.1-238).  Interbed slippage in the zone is estimated to be on the order of 
inches (Reference 2.5.1-238), although no evidence is provided to support that statement.  The 
definition of the “shear zone” identified in the CRBRP PSAR is refined to clarify that “there are 
calcite-filled fractures across bedding and small zones of paper-thin slickensides oriented 
parallel or subparallel to the bedding,” and “the ‘shear zone’ is not a fault breccia nor a fault 
zone” (Reference 2.5.1-238). 
 
For discussion of this structure, the term shear-fracture zone is adopted based on the following 
attributes observed in rock core (Figure 2.5.1-90): 
 

• Shear-fracture zones exhibit a relative abundance of calcite veins compared to adjacent 
rock.  Calcite veins appear to be randomly oriented; they are observed at high angles to, 
and subparallel with bedding.  Calcite veins locally appear to be folded or deformed. 
 

• The shear-fracture zones, and calcite veins within the zones, are commonly truncated by 
stylolites.  Stylolites that truncate calcite veins within the shear-fracture zones are 
variously parallel to bedding, at high angles to bedding, and subvertical.  Apparent 
offsets in veins locally appear to be a function of juxtaposition related to volume loss 
along stylolite surfaces. 
 

• Within the shear-fracture zones, angular pieces of carbonate rock are locally juxtaposed. 
Where this occurs, there is no evidence for brecciation by mechanical grain-size 
reduction (angular host rock fragments with matrix), but instead, the juxtaposition 
appears to be related to pressure solution. 
 

• Slickenlines occur along bedding planes and less commonly along vein surfaces. 
However, slickenlines on bedding surfaces or veins are not unique to the shear-fracture 
zones. 
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Shear-fracture zones that include the attributes described above areSimilar structures identified 
in boreholes in the Lincolnshire (Eidson Member), Rockdell, and Benbolt Formations are termed 
as shear-fracture zones in the current subsurface investigation (see Subsection 2.5.1.2.6) 
(Reference 2.5.1-214).  The Lincolnshire Formation (Eidson Member) and the Unit A Limestone 
defined in the CRBRP PSAR are equivalent (see Table 2.5.1-1).  These shear-fracture zones 
are located and characterized in 18 of the 100-, 200-, and 400-series boreholes (Table 2.5.1-
17), and are described in more detail in Subsection 2.5.1.2.6.4.  Shear-fracture zones consist of 
intensely fractured, calcite-healed zones that are conformable with bedding, with Thicknesses 
that mostly range from about 1 ft are reported to be up to 22 ft (Table 2.5.1-17) (see 
Subsections 2.5.1.2.4 and 2.5.1.2.6), although the thicker zones reported in the boring 
investigation (Reference 2.5.1-214) generally do not exhibit shear-fracture zone characteristics 
over the entire depth interval. In other words, areas of strain that characterize the shear-fracture 
zones tend to be localized over intervals of only a few feet or less. The thickest zone 
encountered in the current investigation is approximately 35 ft, and occurs in the Eidson 
Member of the Lincolnshire Formation (Table 2.5.1-17) (Reference 2.5.1-214). 
 
The intervals over which shear-fracture zone features occur within the lower Eidson Member 
of the Lincolnshire Formation isare shown on two cross-sections through the site in Figures 
2.5.1-66 and 2.5.1-67.  These cross-sections show that the shear-fracture zone is conformable 
to bedding and is, for the most part, laterally continuous across the site.  Similarly, the 
strike-parallel extent of the shear-fracture zone based on boreholes that encountered the 
shear-fracture zone also suggests a high degree of lateral continuity, although a fewseveral 
boreholes that penetrated the lower Eidson Member of the Lincolnshire Formation did not 
encounter the shear-fracture zone (Figure 2.5.1-65).  Within the Eidson Member, the 
shear-fracture zone is recognized in boreholes for a distance of about 500 ft parallel to dip 
direction, and for a distance of about 2,700 ft parallel to strike. 
 
As noted above, additional discrete shear-fracture zone features were also observed up-section 
in boreholes during this investigation further to the southeast within the Benbolt and Rockdell 
Formations (Figure 2.5.1-65).  These less well-defined shear-fracture zones were not 
observed in the three boreholes completed for the CRBRP that penetrated these units 
(References 2.5.1-100 and 2.5.1-238).  These shear-fracture zone features share similar 
characteristics with the shear-fracture zone features in the Eidson Member of the Lincolnshire 
Formation (Table 2.5.1-17).  Within the Rockdell and Benbolt Formations, the shear-fracture 
zone features are located in the approximately middle third of each unit (Figure 2.5.1-67).  
The features in the Rockdell Formation define a discrete zone that is roughly conformable 
with bedding, while the observed features in the Benbolt Formation are not dense or extensive 
enough to define a zone (Figure 2.5.1-67). As depicted in map view (Figure 2.5.1-65) 
and cross-section view (Figure 2.5.1-67), neither the Benbolt nor the Rockdell Formation shear-
fracture zone features define laterally continuous zones through multiple borings parallel to dip 
or strike. Instead, the shear-fracture zone features in the Benbolt and Rockdell Formations 
appear to comprise localized zones of shearingdeformation that do not extend continuously for 
more than a few hundred feet in either the dip-parallel or strike-parallel directions. 
 
Geological mapping during excavation activities related to the CRBRP (Reference 2.5.1-303) 
reports that the “western shear zone” in the Unit A Limestone (Eidson Member of the 
Lincolnshire Formation), which is the “shear zone” encountered in CRBRP borings, was not 
encountered in the Lincolnshire Formation in the floor of the excavation (Reference 2.5.1-303). 
However, the underlying Unit A Lower Siltstone (Blackford Formation) is reported as “highly 
deformed by the thrust-and-fold structures” (Reference 2.5.1-303).  The observed deformation 
in the Blackford Formation is interpreted by Drakulich (Reference 2.5.1-303) to represent the 
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up-dip extension of the “western shear zone,” or the “shear zone” reported in the Eidson 
Member of the Lincolnshire Formation from CRBRP PSAR borings.  An implication of this 
interpretation is that the “shear zone” in the Eidson Member, identified only in exploratory 
borings and not observed in the Eidson Member in the excavation, ramps down section into the 
underlying Blackford Formation siltstone (Figure 2.5.1-91, Sheet 3 of 3).  In other words, the 
“western shear zone” of Drakulich (Reference 2.5.1-303) is not observed to correspond to the 
Eidson Member “shear zone” identified in the CRBRP PSAR (References 2.5.1-100 and 
2.5.1-238) or the shear-fracture zone in the current investigation.  Drakulich (Reference 
2.5.1-303) reports common bedding-parallel slip that locally produces meso-scale folds and 
bedding-parallel slip, and “thrust-and-fold structures” in the underlying Blackford Formation. 
Photograph 22 of Reference 2.5.1-303 (Figure 2.5.1-92) documents what appears to be a 
fault-propagation fold that was exposed in the Equalization Basin excavation (Figure 2.5.1-91, 
Sheet 2 of 3). Drakulich (Reference 2.5.1-303) specifically notes a lack of deformation in the 
Lincolnshire Formation. 
 
Slickensided veins at various orientations relative to bedding are common in the Valley and 
Ridge province. The descriptions of the shear-fracture zone features at the site (References 
2.5.1-100, 2.5.1-214 and 2.5.1-238) are similar to the descriptions of veins and fractures studied 
by Foreman and Dunne (Reference 2.5.1-237) in the nearby Upper Cambrian Nolichucky Shale. 
Their study was conducted at the Oak Ridge National Laboratory and on the Whiteoak Mountain 
thrust sheet, the same regional structure element that the CRN Site is located on. Foreman and 
Dunne (Reference 2.5.1-237) observed in limestones and shales four sets of bed-normal calcite 
veins in limestones and shales at the Oak Ridge Reservation that are offset 0.8 in. or less by 
bed-parallel veins.  The bed-parallel veins are characterized by slickensides oriented parallel to 
Alleghanian thrusting. On the basis of calcite twinning, fluid inclusions and cross-cutting 
relationships, Foreman and Dunne (Reference 2.5.1-237) conclude that interpret the 
development of the bed-normal veins to have occurred in the middle Mississippian during the 
onset of the Ouachita and Alleghanian orogenies.  The bed-parallel veins, which offset the 
bed-normal veins, are interpreted by Foreman and Dunne (Reference 2.5.1-237) to have 
developed during the Alleghanian orogeny.  Slickensides, oriented parallel to the thrusting 
direction, are interpreted by Foreman and Dunne (Reference 2.5.1-237) to have formed during 
movement of the Whiteoak Mountain thrust sheet. Similar featuresFeatures similar to the bed-
normal and bed-parallel veins are common throughout borehole logs of the current investigation 
(Reference 2.5.1-214), which describe calcite healed tensional fractures oriented orthogonal to 
and parallel to bedding.  Given the similarity in geologic setting, tectonic history, and fracture 
characteristics, the slickensided veins observed in CRN Site borings, bed-parallel shear-fracture 
zone features observed at the site likely share the same Alleghanian origin and development as 
the slickensided, bed-parallel veins described by Foreman and Dunne (Reference 2.5.1-237). 
 
Lemiszki (Reference 2.5.1-215) observed and briefly described local “shear fractures” that are 
most common in, but not exclusive to the K-25 site area of the Oak Ridge National Laboratory. 
The shear fractures are described as single, discrete fractures to wide zones of en echelon 
fractures and tension gashes with left- and right-lateral shears based on offset of chert marker 
beds and mineral-filling geometries.  That study describes the shears as “commonly 
perpendicular to bedding,” which is not consistent with descriptions of the “shear-fracture zone” 
observed in the CRBRP (Reference 2.5.1-100 and 2.5.1-238), the bed-parallel veins described 
by Foreman and Dunne (Reference 2.5.1-237), or the shear-fracture zones as described in the 
current study (Reference 2.5.1-214).  However, the “shear fractures” described by Lemiszki 
(Reference 2.5.1-215) could be related to the bed-normal veins observed by Foreman and 
Dunne (Reference 2.5.1-237) and similar features observed in the current study (Reference 
2.5.1-214). 
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The CRBRP study notesd that the “shear-fracture zone”features  calcite-filled fractures are 
truncated by stylolites, and concludes the shear-fracture zones formed before or during rock 
lithification (Reference 2.5.1-238). Stylolites are primarily sedimentary structures that form in 
response to lithostatic-driven pressure dissolution (Reference 2.5.1-284).  The term is typically 
used to describe horizontalbedding parallel “seams” in carbonate rocks that developed 
diagenetically during burial due to lithostatic pressure (Reference 2.5.1-285).  Alternatively, 
several Several studies have shown that stylolite “seams” develop perpendicular to maximum 
compressive stress (e.g., References 2.5.1-285 and 2.5.1-286) and that subvertical stylolites 
can develop in active compressive margins in response to horizontal compressive stress 
(References 2.5.1-285, 2.5.1-286, 2.5.1-287 and 2.5.1-288).  These subvertical stylolites are 
referred to as tectonic stylolites.  The stylolites observed in the current investigation are 
generally described as bedding joints that dip between 20 to 40° conformable with bedding 
(Reference 2.5.1-214).  However, subvertical stylolites and stylolites at high angles to bedding 
are clearly visible in the core (Reference 2.5.1-214), which indicates multiple generations of 
stylolite formation (diagenetic and tectonic). The bedding-conformable nature of the stylolites 
indicates that they developed diagenetically during active deposition and lithification of 
sediments deposited in the Appalachian foreland basin.  
 
The observed orientations and crosscutting relationships of stylolites, among other structures, 
are key to the characterization of the shear-fracture zones.  Truncation of the shear-fracture 
zones, or calcite veins within the zones, by bedding parallel stylolites 1) demonstrates pre- to 
syn-diagenetic development of these zones and precipitation of calcite in veins, and 2) supports 
stratigraphic (lithologic) control on the development of the shear-fracture zones.  Additionally, 
truncation of calcite veins within the shear-fracture zone by steeply dipping and subvertical 
stylolites, folding and deformation of calcite veins, and slickenlined vein and bedding surfaces, 
demonstrate a tectonic overprint on the zone, likely related to Alleghanian shortening related to 
emplacement of Valley and Ridge thrust faults. 
 
A schematic diagram that depicts the attributes and crosscutting relationships observed within 
the shear-fracture zones is presented in Figure 2.5.1-68. In summary, the relative abundance 
of pressure solution features and calcite veins observed in the shear-fracture zones 
suggests this specific interval within the carbonate stratigraphy was more susceptible to 
dissolution-precipitation processes relative to adjacent rock.  Based on the observed 
crosscutting relationships with bedding-parallel and subvertical stylolites, these processes were 
active both during diagenesis and during a post-diagenetic tectonic overprint, likely shortening 
associated with the Alleghanian orogeny.  The observed abundance of pressure-solution 
features and paucity of evidence for mechanical grain-size reduction suggests strain was 
primarily accommodated via pressure solution with limited cataclastic flow during Alleghanian 
shortening and emplacement of the Whiteoak Mountain and Copper Creek thrust sheets.  
Localized folding of veins suggests intracrystalline plasticity may have contributed to the 
observed strain in the rocks; these processes have been reported in Valley and Ridge faults that 
involve carbonate rocks (e.g., Hunter Valley thrust; see Reference 2.5.1-320) even though 
deformation temperatures are estimated to be below the theoretical threshold for carbonate 
plasticity (Reference 2.5.1-320). 
 
In summary, the minimum age of development of the shear-fracture zone is constrained by (1) 
local truncation by stylolites that formed during active deposition of the Appalachian foreland 
basin (Figure 2.5.1-68) indicating an Alleghanian orogeny age, and (2) analogy to the nearby 
bed-parallel veins described by Foreman and Dunne (Reference 2.5.1-237) that formed during 
Alleghanian thrusting in the Whiteoak Mountain thrust sheet.  Quaternary terrace profiles 
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(presented and discussed in SSAR Subsection 2.5.3.2.5.3) across the projected trace of the 
shear fracture zone show no evidence of any linear topographic features or warping of the 
terrace profile suggestive of surface deformation as a result of movement along the shear-
fracture zone.  These age constraints are mutually consistent and support the conclusion 
reached in the CRBRP that the shear-fracture zone represents a Paleozoic rehealed shear zone 
(References 2.5.1-100 and 2.5.1-238). 
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New SSAR Subsection 2.5.1.2.4.4 is being added as indicated.  Underlines indicates text 
to be added. 
 
2.5.1.2.4.4 Characterization of Alleghanian Foreland Fold-Thrust Structures 
 
The different macroscopic structural attributes of Alleghanian Valley and Ridge province thrust 
faults that occur within the site area, in addition to the shear-fracture zones at the Site, are most 
likely a function of lithology and their mechanical and chemical responses to stress during 
deformation.  The following synthesis of the thrust faults and other structures related to the late 
Paleozoic Alleghanian orogeny is presented with respect to the three primary deformation 
mechanisms that occur in rocks (see Reference 2.5.1-321): 1) brittle cataclasis (i.e., mechanical 
grain-size reduction); 2) diffusive mass transfer (i.e., pressure solution); and 3) intracrystalline 
plasticity.  While the thrust faults, and likely the shear-fracture zone, were all emplaced during 
the late Paleozoic Alleghanian orogeny, the faults exhibit distinct mesoscopic attributes that 
represent variations in the relative contribution of deformation mechanisms to the cumulative 
strain in the rocks. 
 
In the site area, the Whiteoak Mountain and Copper Creek thrust faults juxtapose lower 
Cambrian Rome Formation (primarily siliciclastic lithologies) above Middle Ordovician 
Chickamauga Group carbonate rocks (see Plates 1 and 2 in Part 8 of the ESPA).  The Copper 
Creek fault was encountered in borings CC-B1 and CC-B2 during the CRN Site investigation 
(Reference 2.5.1-214).  The fault zone occurs over a 4 to 7 foot interval in the borings, and 
includes angular carbonate and siliciclastic fragments in a clayey gouge matrix (Reference 
2.5.1-214).  This texture represents deformation accommodated via mechanical grain-size 
reduction during brittle cataclasis.  An exposure of the Whiteoak Mountain fault was not visited 
during the investigation, although a similar style of deformation is expected based on the 
juxtaposition of similar lithologic units. 
 
The Chestnut Ridge fault of Lemiszki (Reference 2.5.1-282) juxtaposes Middle Ordovician 
Kingsport Formation rocks above the stratigraphically overlying Mascot Dolomite (SSAR Figure 
2.5.1-64).  This fault is only mapped by stratigraphic repetition; no direct observation of this fault 
is reported. 
 
As discussed in Subsection 2.5.1.2.4.3.4, zones of localized deformation termed shear-fracture 
zones were encountered in borings related to the CRBRP investigation (References 2.5.1-100, 
2.5.1-238) and in the CRN Site investigation (Reference 2.5.1-214).  These zones occur in 
specific stratigraphic intervals, and are characterized by a relative abundance of calcite veins 
compared to adjacent rock, locally folded or deformed calcite veins, slickenlined bedding and 
vein surfaces, and truncation of veins and lithologies at bedding-parallel and subvertical 
stylolites.  Apparent brecciation reported in the shear-fracture zone is not accompanied by 
evidence that supports mechanical grain size reduction by brittle cataclasis, but instead appears 
to be juxtaposition of lithologies by pressure solution (see Subsection 2.5.1.2.4.3.4). The 
observed abundance of pressure-solution features and paucity of evidence for mechanical 
grain-size reduction suggests localized strain was primarily accommodated via pressure 
solution with limited cataclastic flow at these specific intervals.  Subvertical stylolites indicate 
dissolution occurred during strong subhorizontal compression, which most likely coincides with 
shortening and emplacement of Valley and Ridge thrust faults during the Alleghanian orogeny. 
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SSAR Subsection 2.5.1.2.6.4 is being revised as indicated.  Underlines indicates text to 
be added.  Strikethroughs indicate text to be deleted. 
 
2.5.1.2.6.4 Deformational Zones 
 
Borings drilled at the CRN Site encountered what is termed shear-fracture zones, which 
represent localized zones of strain accommodated via pressure solution with limited cataclasis 
(see Subsection 2.5.1.2.4.3.4).  The zones are characterized by a relative increase in calcite 
vein fill, subvertical and bedding-parallel stylolites, and slickenlined bedding and vein surfaces. 
indicate the presence of shear-fracture (fractures where differential movement has taken place 
along a surface, characterized by striations and/or slickensides) zones within the stratigraphic 
units. The development of these shear-fracture zones at the site is considered to be closely 
related to folding and faulting in the area reflecting a long and varied stress history (Subsection 
2.5.1.2.4) and are often associated with fracture zones (SZ/FZ) or occur as single shear 
fractures (SH) (noted as joints on the boring logs). 
 
A summary of the shear-fracture zones (greater than or equal to approximately 0.9 ft thick 
(apparent thickness along boring axis)) encountered in the 100-, 200-, and 400-series borings 
drilled at the CRN Site are contained in Table 2.5.1-17 and shown on Figure 2.5.1-60 (see 
Subsection 2.5.1.2.4).  Shear-fracture zones are encountered in the Rockdell and Benbolt 
Formations (in the 100-series borings) between depths of about 50 and 350 ft below the ground 
surface.  The shear-fracture zones range in thickness from about 1 to 7 ft with an average 
apparent thickness of about 3 ft.  Shear-fracture zones are encountered in the Eidson Member 
(200- and 400-series borings) between depths of about 115 and 280 ft below the ground 
surface.  These zones range in thickness from about 1 up to 22 ft with an average apparent 
thickness of approximately 4 ft.  Descriptions from the 100-, 200-, and 400-series borings logs 
indicate that the shear-fracture zones are typically zones of multiple, that contain closely 
spaced, tightly healed, calcite filled shear fractures with occasional, primarily discrete, fracture 
zones and the fractures commonly form orthogonal to bedding.  The quality of the rock within 
these zones is generally high, unless associated with fracture zones (Reference 2.5.1-214). 
 
A “shear zone” is reported to have been encountered during the subsurface investigation for the 
CRBRP.  Thirty-nine borings drilled as part of the CRBRP investigation encountered the “shear 
zone” in the lower portion of the Eidson Member, which is reported to ranges in thickness from 
19 to 46 ft.  The “shear zone” outcrops to the northeast of the CRBRP along the right bank of 
the Clinch River arm of the Watts Bar Reservoir and strikes parallel to the strike of the bedding 
planes.  The “shear zone” is described as a hard, re-healed, cemented zone characterized by 
continuous, thin to medium bedded gray limestone with 1 to 6 inch layers of maroon and gray 
calcareous siltstone and gray-white chert.  The results of the subsurface investigation on 
the “shear zone” for the CRBRP reveal that it is not a fault breccia or fault zone (Reference 
2.5.1-100238). 
 
Shear-fracture zones are incorporated in the average GSI rating for each of the stratigraphic 
units, so bearing capacity based on GSI considers these zones in the foundation rock mass. 
During excavation for the power block area, detailed geologic mapping of the foundations for the 
safety-related structures provides further characterization of shear-fracture zones, if found 
present in those foundations.  Characterization of the shear-fracture zones is based on the 
100-, 200-, and 400-series borings drilled at the CRN Site. Further evaluation of these zones 
may be required in support of the COLA, when a reactor technology has been selected. 
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SSAR Subsection 2.5.1.3 is being revised as indicated.  Underlines indicate text to be 
added.  Strikethroughs indicate text to be deleted. 
 
2.5.1.3  References 
 
… 
 
2.5.1-100. PMC (Project Management Corporation)., Clinch River Breeder Reactor Plant 

Project – Preliminary Safety Analysis Report, Vol. 2, 1982. 
 
… 
 
2.5.1-238. PMC (Project Management Corporation), Clinch River Breeder Reactor Plant 

Project – Preliminary Safety Analysis Report, Vol. 3, 1982. 
 
… 
 
2.5.1-320. Kennedy, L.A., and Logan, J.M., Microstructures of cataclasites in a limestone-on-

shale thrust fault: implications for low-temperature recrystallization of calcite: 
Tectonophysics, v. 295, p. 167-186, 1998. 

 
2.5.1-321. Passchier, C.W., and Trouw, R.A.J., Microtectonics, 2nd ed.: New York, Springer, 

366 p., 2005. 
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SSAR Subsection 2.5.3.2.2 is being revised as indicated.  Underlines indicate text to be 
added.  Strikethroughs indicate text to be deleted. 
 
2.5.3.2.2 Shear-Fracture Zones 
 
As discussed in Subsections 2.5.1.2.4 and 2.5.1.2.6, a structure loosely described as a “shear 
zone” was identified in the Eidson Member of the Lincolnshire Formation in the CRBRP PSAR 
(References 2.5.3-5 and 2.5.3-6).  The “shear zone” was penetrated in 39 boreholes during the 
CRBRP investigation, and a surface exposure in the northeastern portion of the site was 
described in the CRBRP PSAR (Reference 2.5.3-6).  This zone is reported to ranges from 19 to 
46 ft thick and is, on average, reported to be approximately 35 ft thick (Reference 2.5.3-6). The 
zone, including slickensides, is roughly parallel to bedding and occurs in the same stratigraphic 
position where encountered (Reference 2.5.3-5).  It is characterized as “a zone of interbed 
slippage characterized by a combination of slickensides, calcite veins, and 1-inch to 1-foot 
segments that are either severely warped or brecciated” (Reference 2.5.3-5). Interbed slippage 
in the zone is estimated to be on the order of inches (Reference 2.5.3-6), as no stratigraphic 
offset is demonstrable.  Reference 2.5.3-6 clarifies that “the ‘shear zone’ is not a fault breccia 
nor a fault zone.” 
  
Similar structures identified in the Lincolnshire (Eidson Member), Rockdell, and Benbolt 
Formations are defined as shear-fracture zones in the current subsurface investigation 
(see Subsections 2.5.1.2.4 and 2.5.1.2.6).  These shear-fracture zones are located and 
characterized in 18 of the 100-, 200-, and 400-series boreholes (Table 2.5.1-17; 
Figure 2.5.1-60). Shear-fracture zones consist of intensely fractured, calcite-healed zones 
that form parallel to bedding, with reported thicknesses up that range from 1 to 22 ft (see 
Subsections 2.5.1.2.4 and 2.5.1.2.6 for detailed descriptions of their structural attributes).  
These shear-fracture zones are interpreted to be the same structures that were encountered 
and described as “shear zones” in the CRBRP PSAR (References 2.5.3-5 and 2.5.3-6). 
 
Eighteen boreholes penetrated shear-fracture zones during the subsurface investigation 
(Reference 2.5.3-3; see Table 2.5.1-17).  Core recovered from 100-, 200-, and 400-series 
borings in shear-fracture zones is commonly described as calcite-healed, with rock quality 
generally described as high with moderate to high core recovery (Reference 2.5.3-3; see 
Subsection 2.5.1.2.6.4).  These zones, and calcite veins within the zones, are truncated by 
bedding-parallel and subvertical stylolites, which indicates development during diagenesis and a 
tectonic overprint (see Subsection 2.5.3.4.2).  Shear-fracture zones do not appear to be loci for 
acceleratedcontemporary dissolution relative to adjacent rock.  As discussed in Subsection 
2.5.1.2.4.3.4, these zones are interpreted to represent localized strain accommodated primarily 
via dissolution-precipitation process during both diagenesis and during shortening associated 
with the Alleghanian orogeny. 
 
Foreman and Dunne (Reference 2.5.3-19) describe the occurrence of bed-parallel slickensided 
veins in a detailed fracture analysis in eastern Tennessee.  These veins are calcite-filled and 
appear to be similar structures as those identified as shear zones in the CRBR investigation. 
 
Elsewhere in the site vicinity, Lemiszki (Reference 2.5.3-20) reported mesoscopic shear zones 
that offset extensional fractures.  These are described as both left- and right-lateral shears 
based on offset of chert marker beds and mineral-filling geometries (Reference 2.5.3-20). 
Lemiszki (Reference 2.5.3-20) indicates the development of these shear zones is closely related 
to faulting and folding in the area, although the report provides no technical basis for that 
conclusion. 
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SSAR Subsection 2.5.3.4.2 is being revised as indicated.  Underlines indicate text to be 
added.  Strikethroughs indicate text to be deleted. 
 
2.5.3.4.2 Shear-Fracture Zones 
 
The formation of the shear fracture zones encountered in the Lincolnshire (Eidson Member), 
Benbolt, and Rockdell Formations likely coincides with deformation associated with the 
Alleghanian orogeny, based on the truncation of calcite-filled fractures by stylolites (Reference 
2.5.3-6).  Stylolites in the Valley and Ridge province can be diagenetic or tectonic in origin 
(Reference 2.5.3-35), although the nature of the stylolites that truncate shear fracture zone 
fabric is not discussed in the CRBRP PSAR (Reference 2.5.3-6).  The observed orientations 
and crosscutting relationships of stylolites, among other structures, are key to understanding the 
timing of deformation within the shear-fracture zones (see Subsection 2.5.1.2.4.3.4).  Truncation 
of the shear-fracture zones, or calcite veins within the zones, by bedding parallel stylolites 
demonstrates pre- to syn-diagenetic development of these zones and precipitation of calcite in 
veins.  Truncation of calcite veins within the shear-fracture zones by steeply dipping and 
subvertical stylolites, folding and deformation of calcite veins, and slickenlined vein and bedding 
surfaces, demonstrate a tectonic overprint on the zone, likely related to Alleghanian shortening 
related to emplacement of Valley and Ridge thrust faults. 
 
While it is permissible that tectonic stylolites in Valley and Ridge carbonate rocks in eastern 
Tennessee developed during the Mesozoic breakup of Pangea, it is more likely that they 
developed during intense shortening related to the Alleghanian orogeny.  Evidence for 
compressional deformation associated with Pangea breakup (related to the rift-to-drift transition) 
is mostly confined to Mesozoic rift basins in the southern Appalachians (Reference 2.5.3-37, 
2.5.3-39, and 2.5.3-41), whereas evidence for compressional deformation related to the 
Alleghanian orogeny extends well into the continental interior (Reference 2.5.3-43).  
Additionally, shortening in the Valley and Ridge province in central-eastern Tennessee is 
estimated to be greater than 50 percent, based on palinspastic restoration of balanced cross 
sections (Reference 2.5.3-71). 
 
Quaternary terrace profiles across the projected trace of the shear-fracture zone show no 
evidence of linear topographic features or warping of the terrace profile suggestive of surface 
deformation as a result of movement along the shear-fracture zone (Figure 2.5.3-9).  This, and 
the crosscutting relationships discussed above, support the interpretation that the shear-fracture 
zones accommodated shortening during the late Paleozoic Alleghanian orogeny and 
emplacement of foreland fold-thrust belt thrust sheets in the Valley and Ridge Province. 
 
Bed-parallel slickensided veins described by Foreman and Dunne (Reference 2.5.3-19) also 
were noted to almost ubiquitously cut bed-normal fractures that demonstrably formed prior to 
the Alleghanian orogeny (see Subsection 2.5.1.2.4.3.3).  Reference 2.5.3-19 concludes bed-
parallel slickensided veins formed during the Alleghanian orogeny based on (1) slickensides 
parallel slip-directions of Alleghanian thrust faults, and (2) pervasive twinning of calcite vein fill 
(see Subsection 2.5.1.2.4.3.4). 
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SSAR Subsection 2.5.3.9 is being revised as indicated.  Underlines indicate text to be 
added.  Strikethroughs indicate text to be deleted. 
 
2.5.3.9  References 
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and internal deformation of the southern Appalachian foreland fold-thrust belt, 
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SSAR Figure 2.5.1-68 is being replaced with the following: 
 

 
 

Figure 2.5.1-68. Schematic Diagram of the Crosscutting Relationships Between Bedding, Stylolites, and Shear-Fracture 
Zones 
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New Figure 2.5.1-90 is being added to SSAR Subsection 2.5.1: 
 

 
Note: Core photo from Reference 2.5.1-214 
 

Figure 2.5.1-90. Interpreted Core Photo of Borehole MP-101 Demonstrating Shear-Fracture Zone Attributes 
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New SSAR Figure 2.5.1-91 is added to SSAR 2.5.1: 
 

 
Note: Geologic unit symbols are defined in Figure 2.5.1-29 (Sheet 2 of 2). The “shear zone” identified in the CRBRP PSAR is referred to as shear-fracture zone in 
the current investigation. 
Sources: References 2.5.1-238 (Plate 2, mapped “shear zone”) and Reference 2.5.1-303 (Illustration 7, surface projection of “shear zone” and outcrop location) 
 

Figure 2.5.1-91. (Sheet 1 of 3) Site Geologic Map Showing Mapped Shear Zones 
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Note: The “shear zone” identified in the CRBRP PSAR is referred to as shear-fracture zone in the current investigation. 
Source: References 2.5.1-238 (Illustration 7, surface projection of “shear zone”) and Reference 2.5.1-303 (Plate 2, excavation map, with mapped “shear zones” 
and section line A-A’) 
 

Figure 2.5.1-91. (Sheet 2 of 3) Site Geologic Map Showing Excavation, Mapped Shear Zones, and Site Borings 
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Note: Profile line location shown on Sheet 2 of 3 
Source: Reference 2.5.1-303 

 
Figure 2.5.1-91. (Sheet 3 of 3) Cross Section of CRBRP Excavation Mapping 
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New SSAR Figure 2.5.1-92 is being added to SSAR 2.5.1: 

 
Source: Reference 2.5.1-303 
 

Figure 2.5.1-92. Apparent Fault Propagation Fold Exposed in CRBRP Excavation 
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Existing SSAR Figure 2.5.3-9 is being replaced with the following: 

 
Note: Location of profile is shown on Figure 2.5.3-6 

 
Figure 2.5.3-9. Geologic Map and Topographic Profile H-H' of Quaternary Fluvial 

Terraces and Surface Projection of the Shear-Fracture Zone 
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NRC RAI 02.05.01-06 Question 
 
River Terrace Profiles for French Broad and Clinch Rivers  
 
CNL-16-162 and CNL-16-170 describe a method of analysis of longitudinal river profiles and 
associated paleo-river terraces that is a basis for concluding an absence of neotectonic 
deformation (areal uplift or fault offset) with respect to the Clinch and French Broad Rivers, 
and indicates an absence of possible active tectonic structures/features within the CRN area 
and out to 50 miles from CRN. The presence or absence of active tectonic features directly 
affects compliance with 10 CFR 100.23(c-d). 
 
The SSAR indicates that sources of error such as erroneous inclusion of unrelated terrace 
surfaces under a single profile and projection inaccuracies along the river profile might affect 
the results of this type of analysis. The SSAR also indicates that the longitudinal terrace 
profiles were evaluated for systematic, along-profile irregularities that would suggest repeated 
fault displacements. 
  
a. Please describe possible tectonic uplift/displacements rates that could be detected with 

the terrace deformation method described in SSAR. Provide a minimum deformation rate 
that could be present but undetected by this method. 
 

b. Discuss how uncertainties for projection and grouping errors are evaluated and propagated 
in the analysis and how these uncertainties affect the minimum deformation rate in the 
analysis.  

 
TVA RAI 02.05.01-06 Response 
 
a. Longitudinal river terrace profiles provide constraints on the deformation rates that could be 

detected along the site area faults.  All nine Clinch River terrace level profile gradients are 
similar, with best-fit linear slope mean values that range from 0.00007 to 0.0003 feet/feet 
(ft/ft) (Table 1) (see Site Safety Analysis Report (SSAR) Figure 2.5.3-4).  Each of the terrace 
levels is characterized by some variability of individual terrace elevations about the best-fit 
line, with standard error values that range from 1.0 ft to 6.1 ft (Table 1) (see SSAR Figure 
2.5.3-4).  The standard error values represent a measure of the difference between the 
observed terrace elevations and the best-fit line defined by the linear regression. 
 
The Qpt6 terrace level is the oldest and highest level of the Clinch River terraces and 
provides the longest temporal baseline to evaluate possible uplift or displacement rates.  As 
described in SSAR Subsection 2.5.3.2.5.3, the site area faults would be expected to 
accommodate right oblique reverse slip, which would increase the modern Clinch River 
gradient as well as the terrace level gradients (hanging wall uplift on the upstream side of the 
profile).  The Qpt6 terrace level best-fit linear regression exhibits the largest standard error 
value of 1.9 meters (m) (6.1 ft) relative to the other terrace-level regressions (Table 1).  While 
it has a mean gradient of 0.0003 ft/ft, the steepest Qpt6 gradient that can be defined within 
the upper and lower bounds of the standard error (± 1.9 m or 6.1 ft) is 0.00048 ft/ft, or 2.5 
feet/mile (ft/mi).  This gradient is significantly steeper than both the observed Qpt6 gradient 
and the observed gradients defined by the younger Clinch River terrace levels (Table 1).  
This suggests that relative separation of ± 1.9 m (6.1 ft)(i.e., ± standard error) of the Qpt6 
terraces across a site area fault would impart a noticeable steepening of the Qpt6 terrace 
level gradient in comparison with the modern Clinch River baseline gradient.  This relative 
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separation would yield a maximum vertical separation rate of less than 0.02 millimeters/year 
(mm/yr) assuming a combined standard error of 3.8 m (12.2 ft) and an age of 200 kilo annum 
(ka) for the Qpt6 terrace level.  Therefore, vertical separation rates of about 0.02 mm/yr or 
higher would result in observable, systematic, and progressive steepening of the 
paleogradients recorded by the terraces, while rates less than 0.02 mm/yr could go 
undetected. 
 

b. Individual terraces were projected onto the longitudinal profile along a horizontal line oriented 
orthographically to the modern Clinch River baseline (see SSAR Figure 2.5.1-26).  Given the 
shallow gradients of the modern Clinch River baseline and the terrace levels, orthographic 
projection uncertainties result in minimal vertical elevation errors.  Instances of horizontal 
projection uncertainties may occur where a terrace is located on an interfluve between a 
horseshoe bend and is projected too far upstream or downstream.  Considering a relatively 
extreme example where a terrace is projected 10,000 ft too far upstream or downstream, the 
error in elevation above the modern Clinch River baseline would only be 2 ft based on the 
gradient of the modern Clinch River baseline of 0.0002 ft/ft (or 1.1 ft/mi) (Table 1). 
 
Terrace grouping errors may occur where there is slight vertical overlap in relative terrace 
levels. For instance, the Qht2 terraces locally overlap with upper Qht1 or lower Qht3 terraces 
on the profile (see SSAR Figure 2.5.3-4).  The overlap between the Qht2 and Qht3 terraces 
is locally up to 0.6 m (2 ft), with a total range of about 1.2 m (4 ft) along the entire profile. The 
overlap between Qht2 and Qht1 terraces is locally negligible, with a total range of about 0.9 
m (3 ft) along the entire profile.  The terrace groupings were guided primarily by morphology 
and topographic expression observed in mapping, which is why the overlapping areas were 
not simply divided into their respective upper and lower terrace groupings. The slight 
variation in elevation that creates local overlap is most likely due to differential erosion of 
terrace surfaces. However, other factors, such as non-collinear paleo-stream and modern 
stream meanders or variations in sinuosity through time, could have a minor effect on local 
gradient changes. 
 
These sources of error would have little to no impact on detectable rates of deformation 
evaluated for the Qpt6 terraces along the Clinch River within the site area, because: 1) the 
natural variation in the Qpt6 terrace elevations exceeds the expected elevation differences 
that could be caused by projection errors; and 2) the Qpt6 terrace level is defined by 
morphologically distinct terrace remnants that are well-grouped on the profile and that do not 
overlap with the Qpt5 terraces below (see SSAR Figure 2.5.3-4). 

 
To address RAI 02.05.01-06, SSAR Subsections 2.5.3.2.5.1, “Quaternary Deposits,” 
2.5.3.2.5.2, “Clinch River Terraces,” 2.5.3.2.5.3, “Evaluation of Terrace Profiles and 
Quaternary Surface Deformation,” and 2.5.3.2.6.2, “Douglas Reservoir Terrace Mapping,” 
are being modified as indicated in the SSAR markups below for clarity and to include 
additional discussion of terrace mapping, grouping, and ages, which relate to the 
discussions of rates and errors that directly address the NRC requests.  It is noted that the 
SSAR Subsection 2.5.3.2.5.1 markups reflect previous changes made in response to RAI 5, 
question 02.05.01-01 provided in TVA’s letters CNL-17-099, “Response to Request for 
Additional Information Number 5, Questions 02.05.01-01 and 02.05.01-02, Regarding 
Basis Geologic and Seismic Information and RAI Number 6, Questions 02.05.04-01 and 
02.05.04-02, Regarding Stability of Subsurface Materials and Foundations in Support of 
Early Site Permit Application for Clinch River Nuclear Site,” dated September 15, 2017 and 
CNL-17-100, “Response to Request for Additional Information Number 5, Questions 
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02.05.01-03 and 02.05.01-05, Regarding Basis Geologic and Seismic Information in Support 
of Early Site Permit Application for Clinch River Nuclear Site,” dated September 29, 2017.  
The SSAR markups will be incorporated in a future revision of the early site permit 
application. 
 
 

Table 1. Clinch River Terrace Characteristics 
 

Terrace level 
Approximate height above 

modern Clinch River 
baseline 

Gradient 
(ft/ft)1 

Gradient 
(ft/mi) 

Elevation 
standard 
error (ft)2 

Qpt6 124 to 128 ft 0.0003 1.6 6.1 

Qpt5 100 ft 0.0002 1.1 5.5 

Qpt4 76 to 89 ft 0.0003 1.6 5.2 

Qpt3 66 to 79 ft 0.0003 1.6 1.0 

Qpt2 45 to 52 0.00007 0.4 3.0 

Qpt1 37 ft 0.0002 1.1 2.2 

Qht3 25 to 28 ft 0.0001 0.5 3.1 

Qht2 19 ft 0.0002 1.1 1.8 

Qht1 15 ft 0.0002 1.1 1.8 

Modern Clinch 
River baseline n/a 0.0002 1.1 n/a 

1 Gradient is equal to the slope of the best-fit linear regression for each terrace level (see SSAR 
Figure 2.5.3-4). 

2 Standard error is the quotient of the sum of the elevation residuals squared divided by two less 
than the number of samples (i.e., terrace elevation projected to profile). 
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SSAR Subsection 2.5.3.2.5.1 is being revised as indicated.  Underlines indicates text to 
be added.  Strikethroughs indicate text to be deleted. 
 
2.5.3.2.5.1 Quaternary Deposits 
 
Holocene through Pleistocene alluvial terrace deposits are mapped along the Clinch River 
arm of the Watts Bar Reservoir and larger tributary valleys in the site area (Figure 2.5.3-2). 
Terraces along the Clinch River were delineated using high-resolution LiDAR digital elevation 
data and were checked during field reconnaissance.  In the tributary drainages, Holocene and 
Pleistocene terrace levels along the Clinch River are assigned based on geomorphology and 
relative topographic positions, with Qht0 representing the historical flood plain (now flooded 
and not shown on maps) and Qpt6 representing the highest and oldest terrace level. 
Tributary terraces of probable Pleistocene age were not assigned a relative terrace level. 
 
Field reconnaissance of fluvial terrace deposits along the Clinch River arm of the Watts Bar 
Reservoir revealed subtle variations in soil development between interpreted Pleistocene and 
Holocene terraces.  Soil profiles in the Holocene terraces are predominantly dark yellowish 
brown silt with some clay.  Weak pedologic development in the form of soil mottling and 
blocky soil structure was evident in some Holocene deposits.  Pleistocene terrace deposits 
evaluated in the CRN site area consist of massive clayey silt and sandy silt deposits with few 
interbedded gravel-rich units exposed in cross section.  Pleistocene terrace treads are 
frequently littered with abundant subrounded to rounded gravels located on the terrace 
surfaces regionally.  Soil development on these terraces is moderate with often a bleached 
“E” horizon and a moderately developed “Bt” horizon.  Some buried paleosols were visible in 
deposits along the reservoir margin.  Soil profiles were predominantly yellowish brown to dark 
brown sandy to clayey silt deposits with trace rounded gravels.  The Pleistocene terraces 
have a notable lack of oxidation and no evidence of potential paleoseismic features including 
fracturing or paleoliquefaction was observed. 
 
Colluvial (Qc) deposits consist of weathered residuum transported by hillslope processes 
including slopewash and creep. No landslides were mapped within the site area.  Colluvium is 
deposited at the toe of hillslopes and in hollows on the hillsides.  Colluvium mapped in the 
site area is predominantly Holocene, although Pleistocene deposits are likely present.  The 
thickness and areal extent of colluvial deposits varies significantly dependent on the 
subsurface bedrock unit.  The Rome Formation, which erodes primarily by mechanical 
weathering, produces abundant colluvial deposits that blanket the lower angle slopes 
underlain by stratigraphically adjacent units.  Alternatively, carbonate deposits, which erode 
primarily by chemical processes, tend to produce areally extensive colluvial deposits if they 
contain a significant percentage of chert, such as the Longview Dolomite.  Colluvium was 
mapped primarily on the basis of topographic expression, and only larger bodies are included 
in Figure 2.5.3-2. 
 
Holocene alluvium (Qha) deposits occur in hillside gullies and in the principle tributary valleys 
across the site area (Figure 2.5.3-2).  Unit Qha includes channel bottom alluvium and low 
terrace deposits that are undivided at the scale of mapping.  The unit is composed largely of silt, 
with sand and gravel present in varying amounts dependent on the local bedrock parent 
material.  Holocene alluvial fan (Qhf) deposits are present primarily at the mouths of the larger 
gullies incised into ridges underlain by the Rome Formation. 
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SSAR Subsection 2.5.3.2.5.2 is being revised as indicated.  Underlines indicates text to 
be added.  Strikethroughs indicate text to be deleted. 
 
2.5.3.2.5.2 Clinch River Terraces 
 
Clinch River terraces are extensively preserved within the site area and record a history of 
incision likely dating back to the early Pleistocene and possibly into the Tertiary, indicative of a 
broad, stable landscape.  Terrace surfaces were delineated primarily based on topographic 
expression in the LiDAR digital elevation model and field observations from surfaces accessed 
during the field reconnaissance (Figure 2.5.3-2).   A soil survey of Oak Ridge National 
Laboratory described in Hatcher et al. (Reference 2.5.3-7) identified Pleistocene age terrace 
remnants associated with the Clinch River, including a number of terraces between 840 and 
850 ft in elevation (Reference 2.5.3-7).  This terrace level is interpreted to record a short 
period of landscape instability during the Wisconsin glaciation, during which the Clinch River 
basin received a large influx of sediment (References 2.5.3-7 and 2.5.3-23).  These terraces 
were delineated as part of the reconnaissance mapping and have been grouped into terrace 
levels Qpt5 and Qpt6 in Figure 2.5.3-2.  The only known absolute age control of Clinch River 
terrace deposits was obtained from archaeological excavations during the CRN Site 
investigation.  The oldest material dated was obtained from organic materials in the alluvium 
that underlies the Clinch River floodplain and yielded an age of about 2500 years old 
(Reference 2.5.3-5). 
 
Longitudinal profiles of the modern Clinch River baseline and terraces Qht1 through Qpt6 are 
shown in Figure 2.5.3-4.  The baseline longitudinal profile was developed to represent the 
modern Clinch River prior to the construction of the Watts Bar Dam using the map view 
baseline stream course shown in Figure 2.5.3-2 and elevation points extracted or inferred from 
historic USGS topographic maps that were created prior to impoundment of Watts Bar Dam. 
The slope of the modern Clinch River baseline was used to determine permissible gradients of 
the paleo-Clinch River.  Terrace elevations were extracted from the LiDAR digital elevation 
data and projected onto the baseline shown in Figure 2.5.3-2.  Relative terrace levels were 
initially assigned using the terrace elevation and position relative to neighboring surfaces and 
morphology of terrace surfaces.  These preliminary terrace levels were then refined by fitting 
the elevation data from each terrace level with a linear regression and comparing the slope of 
each regression to the slope of the modern Clinch River baseline.  With some analytical 
refinement, the terrace elevations clustered into groups with regression slopes within a 
permissible range (Figure 2.5.3-4). 
 
The only known absolute age control of Clinch River terrace deposits was obtained from 
archaeological excavations during the CRBRP site investigation (Reference 2.5.3-5).  The 
oldest material dated was obtained from organic materials in the alluvium that underlies the 
Clinch River floodplain and yielded an age of about 2500 years (Reference 2.5.3-5).  Regional 
terrace studies and age along analogous rivers provide information to aid in the estimation of 
Clinch River terrace ages.  
 
Regional terrace studies include an investigation by Delcourt (Reference 2.5.3-24) along the 
Little Tennessee River which found nine topographically unique terrace levels based on 
elevation profiles and field reconnaissance.  The terraces range in elevation above the main 
channel from less than 4 to 26 m (13 to 85 ft).  Age control was largely qualitative and based 
on weathering characteristics; however, several radiocarbon dates were obtained from the 
lowest terrace levels, T1 and T2, at 3.5 to 15 and 28 thousand years, respectively.  The T1 
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age is consistent with the age of a Tennessee River T1 terrace described in an archaeological 
study near the Tellico Dam. It stands 6 m (20 ft) higher than the adjacent river and contains 
charcoal samples with calibrated radiocarbon ages of 9270 to 9475 calendar years before 
present (BP) and 9545 to 9745 calendar years BP (Reference 2.5.3-25).  The Delcourt 
(Reference 2.5.3-24) T2 age is broadly consistent with radiocarbon dates of approximately 
29 to 31 thousand years reported for a T2 terrace deposit beneath the Watts Bar Nuclear 
Plant adjacent to the Tennessee River (Reference 2.5.3-26). Although detailed mapping of this 
set of terraces is not available, this deposit is estimated to be 2 to 6 m (6 to 20 ft) above the 
modern river level. 
 
The distinction between Holocene (Qht) and Pleistocene (Qpt) terraces in Figure 2.5.3-4 is 
qualitative based on terrace morphology and elevation above the modern Clinch River 
baseline. In order to better constrain the relative ages of terraces along the Clinch River, 
morphological correlation and longitudinal profiling of terrace elevations was completed along 
the Clinch River in the site area, downstream of the Melton Hill Dam (Figure 2.5.3-4).  The 
oldest terrace assigned a Holocene age (Qht3) is only slightly dissected by gully erosion and 
typically has an intact, continuous terrace riser separating it from Qht2, which suggest a 
relatively young Holocene age.  In contrast, terraces mapped by Delcourt (Reference 2.5.3-24) 
and Garrow and Leigh (Reference 2.5.3-25) at similar elevations above the Little Tennessee 
and Tennessee Rivers, respectively, suggest a late Pleistocene age for Qht3. 
 
The Qpt5 and Qpt6 terraces are the oldest and highest terraces mapped in the site area and lie 
about 30 to 40 m (100 to 130 ft) above the modern Clinch River baseline, respectively.  The Qpt5 
terraces may correlate with terraces mapped by Hatcher et al. (Reference 2.5.3-7) along the 
Clinch River near the Oak Ridge National Laboratory that were determined to be Wisconsin in 
age (18 to 25 thousand years) on the basis of soil surveys (Reference 2.5.3-7).  However, this 
age range should be taken as an absolute minimum based on comparison with absolute ages of 
terraces at similar heights above rivers in the eastern U.S. Approximate Wisconsin age terraces 
typically lie less than 10 m above modern river elevations, whereas terraces 30 to 40 m above 
modern rivers are typically on the order of hundreds of thousands of years old.  Therefore, the 
Qpt5 and Qpt6 terraces are likely at least 200 thousand years old. 
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SSAR Subsection 2.5.3.2.5.3 is being revised as indicated.  Underlines indicates text to 
be added.  Strikethroughs indicate text to be deleted. 
 
2.5.3.2.5.3 Evaluation of Terrace Profiles and Quaternary Surface Deformation 
 
Detailed mapping of fluvial terraces along the Clinch River from field reconnaissance and 
interpretation of recently acquired LiDAR was used to evaluate the presence or absence of 
Quaternary faulting at the CRN Site.   Evidence for surface faulting in the Quaternary is often 
expressed by subtle deformation of geomorphic landforms, including river terraces, and is 
commonly recorded as anomalies in longitudinal stream and terrace profiles and gradients. 
LiDAR data permit detailed mapping of Clinch River terraces across the site area (Plates 
2a-2d in Part 8 of the ESPA and Figure 2.5.3-2) and evaluation of the relative ages of terrace 
levels using morphological correlation and longitudinal profiling (Figure 2.5.3-4).  Evidence of 
Quaternary surface faulting in the site area was evaluated in two ways: (1) examination of 
Pleistocene terrace surfaces that directly overlie the mapped trace of faults; and (2) evaluation 
of longitudinal terrace profiles for systematic, along-profile irregularities that would suggest 
repeated fault displacements or deformation. 
 
Fluvial terraces along the Clinch River overlie the concealed trace of each of the five mapped 
Alleghanian thrust faults within the site area (Plates 2a through 2d in Part 8 of the ESPA and 
Figure 2.5.3-2) as well as the projected trace of the shear-fracture zone feature discussed in 
SSAR Subsection 2.5.1.2.4.3.4.  A fault surface rupture that post-dates the formation and 
deposition of the overlying terrace would deform the terrace surface.  If these faults were 
reactivated in the contemporary regional stress regime of the CEUS (NE-SW principal stress 
axis), their orientation would predict right oblique reverse displacement.  Cumulative 
displacement of the terrace would produce a topographic scarp or warp on the terrace 
surface. 
 
Clinch River terrace surfaces overlie a portion of the concealed trace of each of the five 
mapped Alleghanian thrust faults within the site area (Plates 2a through 2d, Figures 2.5.3-2 
and 2.5.3-6).  The Copper Creek fault is directly overlain by Qht1, Qht2, and Qht3 terraces 
(Figure 2.5.3-3); the northeastern projection of the Chestnut Ridge fault is overlain by Qht2 
within the site area and Qpt2 northeast of the 0.6-mile site radius (Figures 2.5.3-2 and 2.5.3-7); 
the Whiteoak Mountain fault is overlain by Qht2 and Qpt2 terraces; and two unnamed faults of 
Lemiszki (Reference 2.5.3-56) are overlain by Qht1, Qht2, Qht3, Qpt1, and Qpt2 terraces 
(Figure 2.5.3-8).  The projected trace of the shear-fracture zone (in the Eidson Member of the 
Lincolnshire Formation) is overlain by Qpt2 (Figure 2.5.3-9).  While each of these terrace 
surfaces have some amount of topographic erosion and anthropogenic alteration, none of 
them display any linear topographic features or warping of the terrace profile suggestive of 
surface deformation as a result of repeated faulting.  Furthermore, interpretation of LiDAR data 
documents the absence of any geomorphic lineament, scarps, sag ponds, or other features 
typically associated with an active Quaternary fault within the site area. 
 
As discussed above, absolute age data for terraces in the site area is sparse; however, relative 
age of terrace levels was interpreted from morphological position and longitudinal profiling 
(Figure 2.5.3-4).  By analogy to absolute ages of fluvial terraces located in the eastern U.S., the 
oldest and highest Qpt6 terraces along the Clinch River are likely to be at least 200 thousand 
years old.  The longitudinal profiles of terrace levels presented in Figure 2.5.3-4 provide another 
means to assess irregularities that could be associated with repeated fault surface rupture. 
Repeated thrust faulting and relative uplift of terraces by one or more of the faults crossed by 
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the longitudinal profile would result in: (1) increased incision and terrace formation in the 
hanging wall of the faults; (2) progressively increasing vertical displacement of correlative 
terraces; and (3) progressively increasing paleo-river gradients yielded from linear regressions 
of correlative terrace surfaces. The consistent number of terraces levels with similar longitudinal 
profile slopes that can be correlated across the site area document the absence of discernible 
Quaternary displacement along all of the Alleghanian thrust faults in the site area.  Similarly, the 
terrace gradients are best fit by single, straight-line regressions (Figure 2.5.3-4); no evidence for 
vertical separation is apparent across the faults crossed by the longitudinal profile.  Finally, the 
linear regressions indicate minor, non-systematic variations in gradient through time and most 
likely record climatic and landscape evolution processes, consistent with observations of 
Pleistocene terraces near the Oak Ridge National Laboratory (Reference 2.5.3-7). 
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SSAR Subsection 2.5.3.2.6.2 is being revised as indicated.  Underlines indicate text to be 
added. 
 
2.5.3.2.6.2 Douglas Reservoir Terrace Mapping 
 
In order to better constrain the relative ages of terraces along Douglas Reservoir, morphological 
correlation and longitudinal profiling of terrace elevations was completed along approximately 
95 km of the French Broad River as part of the CRN Site investigation (Figures 2.5.3-10 and 
2.5.3-11).  Correlated terraces include the modern (prior to the construction of Douglas Dam) 
flood plain (T0) and seven older terraces (T1 to T5, including an intermediate, locally observed 
terrace T2.5, and an undifferentiated Pleistocene terrace designation [QPT]).  Terrace surfaces 
mapped on the banks of tributaries of the French Broad River, including the Pigeon River, the 
Little Pigeon River, and the Nolichucky River, were not correlated but instead designated as 
uncorrelated terraces (UT) due to different development histories. 
 
A baseline longitudinal profile was developed to represent the incised French Broad River prior 
to the construction of Douglas Dam (Figure 2.5.3-11).  Elevation points within the study area 
below the dam (~13 km) and above Douglas Reservoir were extracted from the DEM, fit with a 
linear regression, and extrapolated along ~95 km of the mapped French Broad River. 
Additionally, correlated terrace surfaces’ location and elevation data were linearly regressed. 
The linear regressions for the modern French Broad River and terraces T2 to T5 have the same 
slope of -5x10-4, and QPT has a slightly steeper slope of -6x10-4 (Figure 2.5.3-11).  Using these 
regression-derived slopes, terraces T2, T3, T4, and T5 are approximately 15 m, 25 m, 31 m, 
and 37 m above the modern French Broad River, respectively.  These are slightly higher 
average terrace elevations when compared to Hatcher et al. (Reference 2.5.3-12). 
Undifferentiated Pleistocene terrace, QPT, has a slightly steeper profile slope, possibly resulting 
from a long-term change in uplift or incision rates, or the erroneous inclusion of unrelated older 
terrace surfaces under a single profile (Figure 2.5.3-11).  QPT is approximately 46 to 56 m 
above the modern French Broad River. 
 
Field reconnaissance along the Douglas Reservoir was performed primarily to observe and 
evaluate the proposed paleoseismic features of Hatcher et al. (Reference 2.5.3-12). In addition to 
field reconnaissance, longitudinal terrace profiles were developed to determine relative terrace 
ages.  The profiles presented in Figure 2.5.3-11, similar to the Clinch River terrace profiles 
discussed in SSAR Subsection 2.5.3.2.5.3 and presented in Figure 2.5.3-4, provide a means to 
evaluate potential repeated fault surface rupture.  The consistent number of terrace levels with 
similar longitudinal profile slopes fit by single, straight-line regressions that can be correlated 
along the profile do not support discernible Quaternary displacement along the reservoir.  The 
linear regressions do, however, indicate minor, non-systematic variations in gradient through 
time and most likely record climatic and landscape evolution processes, similar to other terraces 
in the region (e.g., Reference 2.5.3-69). 
 
 


	The different macroscopic structural attributes of Alleghanian Valley and Ridge province thrust faults that occur within the site area, in addition to the shear-fracture zones at the Site, are most likely a function of lithology and their mechanical a...
	In the site area, the Whiteoak Mountain and Copper Creek thrust faults juxtapose lower Cambrian Rome Formation (primarily siliciclastic lithologies) above Middle Ordovician Chickamauga Group carbonate rocks (see Plates 1 and 2 in Part 8 of the ESPA). ...
	The Chestnut Ridge fault of Lemiszki (Reference 2.5.1-282) juxtaposes Middle Ordovician Kingsport Formation rocks above the stratigraphically overlying Mascot Dolomite (SSAR Figure 2.5.1-64).  This fault is only mapped by stratigraphic repetition; no ...
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