
Tennessee Valley Authority, 1101 Market Street, LP 5A, Chattanooga, Tennessee 37402-2801

January 13, 2009

10 CFR 52.79
U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

In the Matter of ) Docket No. 52-014 and 52-015
Tennessee Valley Authority )

BELLEFONTE COMBINED LICENSE APPLICATION - RESPONSE TO REQUEST FOR
ADDITIONAL INFORMATION - STABILITY OF SUBSURFACE MATERIALS AND
FOUNDATIONS

References: 1) Letter from Ravindra G. Joshi (NRC) to Andrea L. Sterdis (TVA), Request for
Additional Information Letter No. 101 Related to SRP Section 2.5.4 for the
Bellefonte Units 3 and 4 Combined License Application, dated August 5, 2008.

2) Letter from Andrea L. Sterdis (TVA) to Document Control Desk (NRC),
Response to Request for Additional Information - Stability of Subsurface
Materials and Foundations, dated September 19, 2008.

This letter provides the Tennessee Valley Authority's (TVA) revised and supplemental responses
to the Nuclear Regulatory Commission's (NRC) request for additional information (RAI) items as
identified in the Enclosure.

The responses to these requests are included in the subject letter which also identifies any
associated changes that will be made in a future revision of the BLN application.

If you should have any questions, please contact Tom Spink at 1101 Market Street,
LP5A, Chattanooga, Tennessee 37402-2801, by telephone at (423) 751-7062, or via
email at teSpink@tva.gov.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on this j day oflaA , 2009.

d)rea ýL. Sterdis
Manager, New Nuclear Licensing and Industry Affairs
Nuclear Generation Development & Construction
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Response to NRC Request for Additional Information letter No. 10 1 dated August 5, 2008
(6 pages, including this list)

Subject: Stability of Subsurface Materials and Foundations as detailed in the Final Safety Analysis Report

RAI Number

02.05.04-01

02.05.04-02

02,05.04-03

02.05.04-04

02.05.04-05

02.05.04-06

02.05.04-07

02.05.04-08

02.05.04-09

02.05.04-10

02.05.04-11

02.05.04-12

02.05.04-13

02.05.04-14

02.05.04-15

02.05.04-16

02.05.04-17

02.05.04-18

02.05.04-19

02.05.04-20

02.05.04-21

Date of TVA Response

September 19, 2008 - Supplemented by this letter

September 19, 2008 - Supplemented by this letter

September 19,2008

September 19, 2008

September 19,2008

September 19, 2008

September 19, 2008

September 19, 2008

September 19,2008

September 19, 2008

September 19,2008

September 19, 2008

September 19, 2008

September 19, 2008

September 19, 2008

September 19, 2008

September 19, 2008

September 19, 2008

September 19, 2008

September 19, 2008

September 19, 2008

Associated Additional Attachments / Enclosures

Attachment 02.05.04-01 A 2 pages
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NRC Letter Dated: August 5, 2008

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.05.04-01

FSAR Section 2.5.4.1.3.1 describes cavities encountered in the borings at the Bellefonte Units 3 and 4
site.- The largest cavity discontinuity encountered in the borings within the construction zone is 4 feet
while the largest cavity discontinuity encountered in all borings is 8 feet. Please explain the control level
on the physical dimension of those cavities outside the bore holes and any potential impact on the stability
of the foundation and structure.

BLN RAI ID: 2399

BLN RESPONSE:

This revised response provides supplemental information requested during the recent geology site visit.

Data on the physical dimensions of the cavities at the BLN site is derived from logs of boreholes that
penetrated cavities. Within the Units 3 and 4 power block construction zone, 16 of the 75 borings drilled
(21%) encountered one or more cavities (FSAR Table 2.5-225). Dimensional data consist of the
measured lengths of each cavity along the borehole axis, recorded on the borehole log. There is no direct
observed data on the physical dimensions of portions of cavities beyond the boreholes, and of the overall
shape of the cavities. The measured dimensions of the cavities encountered in boreholes are summarized
in FSAR Figure 2.5-305 and Table 2.5-226. As the RAI notes, the largest cavities identified throughout
the Bellefonte site measured 4 feet and 8 feet in height, and up to 4 feet in height for boreholes drilled in
the Units 3 and 4 power block construction zone. Most identified cavities were less than 0.5 feet,
measured along the length of the borehole axis.

Figure 2.5-306 of the FSAR shows the boreholes in the power block construction zone plotted in cross
section, with the location of each cavity indicated by a dot. Cavities are concentrated near the top of rock
and formation contacts. This figure illustrates the available data and our best interpretation as to the
occurrence of cavities, but does not reveal the three-dimensional geometry of cavities.

Cavities in the epikarst zone form from the movement of meteoric water through the soil and upper layers
of the rock. Many of the cavities encountered in boreholes at the BLN site occur within 5 ft. of the top of
rock, thus can be considered part of the epikarst zone. These cavities form from diffuse, downward
moving water, and consist of tabular enlarged joints and bedding planes, and vertical slots that open
upward into the soil. They are typically filled with soil. Within the nuclear island, cavities in the epikarst
zone are expected to be removed during excavation of the soil and weathered rock.

The second type of cavity forms from the vertical and lateral movement of groundwater through joints,
fractures, and along bedding planes in the rock. Dissolution begins by enlarging joints and bedding
planes, and continued flow of water leads to the development of conduits with lenticular to circular cross
sections. If conditions are favorable, these conduits enlarge to form enterable caves. Caves are not
known on the Bellefonte property. Figure 2.5-303 shows known caves in northeastern Alabama and
within 5 miles of the site. Caves predominantly occur in the Mississippian limestones that form the
nearby mountains and bluffs. No caves are known within Ordovician strata in Sequatchie Valley.

Groundwater recharge within the power block construction zone at the BLN site occurs through the soil.
Water soaks in along the bottoms of swales in the undulating valley floor, then further concentrates within
the epikarst zone, entering the rock through multiple enlarged joints and depressions. Within the power
block construction zone there are no large through-going drainages; the recharge water is derived from
local runoff. A small amount of water available for recharge results in relatively small conduits. Thus the
conduits through the rock would be expected to be relatively small in comparison to those within an area
where recharge occurred at a single point such as a sinking stream or sinkhole.
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Bedrock structure refers to the physical properties of the rockincluding lithology, porosity, bedding,
jointing, and fracturing. As detailed in FSAR Subsection 2.5.4, the BLN power block construction zone,
sits on the interbedded limestones, dolomitic limestone, and argillaceous and silty limestones of the
Stones River Group. Strata dip about 15 degrees to the southeast. Vertical and subvertical joints cut
across bedding planes. Groundwater moving through these rocks would be expected to alternately follow
joints and bedding planes as it moves laterally through inclined strata. Solution cavities along joint and
bedding plane-controlled flow paths tend to be self-enhancing, because of the large contrast in hydraulic
conductivity between open conduits and surrounding intact rock. However, the frequency of argillaceous
and silty beds, and restricted size of encountered cavities in the construction zone borings, suggest that the
local bedrock condition of the middle Stones Group rock sequence underlying the Units 3 and 4 generally
restricts the size of cavities to the dimensional range identified in borings.

Cavity cross sections may be circular, lenticular, or irregular in shape, controlled in part by joints and the
presence of less soluble beds. Cavities are likely to be concentrated between the top of rock and the
historical groundwater table (>570 ft, elevation of the Tennessee River before impoundment).

In summary, the typical dimensions of cavities present at the BLN site may be approximately represented
by the measured dimensions of the cavities penetrated by boreholes. As shown on FSAR Figure 2.5-305,
most cavities are less than 0.5 ft. in length, with a small number of larger cavities up to a dimensional
maximum of 4 ft. within the power block construction zone. Cavity shape is not known, but may form
irregular pathways as they follow joints and bedding planes oriented vertically when following a joint and
almost horizontal when following a bedding plane. They also may converge with other conduits. A
conceptual model of karst in profile is presented in FSAR Figure 2.5-304.

Cavities within the rock below structural foundations are expected to be small and have no adverse impact
on the stability of the structures at either nuclear island. Of the sixteen boreholes drilled within the
nuclear islands, only a single borehole encountered a cavity below excavation grade (588.6 ft.); this cavity
measured 0.1 ft in length. Experience at Bellefonte Units 1 and 2 (geologic mapping of excavation and
Calyx holes), located in the same stratigraphic units as Unit 3 and in a similar geomorphic position,
showed that rock conditions in the excavation were excellent and minor cavities were successfully
remediated by typical dental concrete and limited grouting (FSAR Subsection 2.5.7, reference 201, BLN
Units 1 & 2 FSAR, Figures 2.5-128 to -142.)

FSAR Subsection 2.5.4.1.3.4 discusses TVA's plan to conduct "geologic mapping and exploratory
probing during construction to detail the full depth and configuration of dissolution depressions and
cavities." The FSAR goes on to state that remediation of karst features will follow the methods described
in Subsection 2.5.4.12, Techniques to Improve Subsurface Conditions. These measures provide
verification of the absence of large cavities within the foundation excavation or near-surface of the
foundation subgrade, and successfully treat small cavities that are encountered.

Changes indicated in the "Associated BLN COLA Application Revisions" section will be made in a
future revision of the BLN FSAR.

This response is PLANT-SPECIFIC.
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ASSOCIATED BLN COL APPLICATION REVISIONS:

1. COLA Part 2, FSAR Chapter 2, Subsection 2.5.4.1.3, the following paragraph will be revised from:

The relief and hydraulic gradient at the BLN site are not favorable for the development of large cavern
systems. In lowland areas like the BLN site, where limestone units have little relief, are relatively close to
groundwater levels, and groundwater has relatively low hydraulic gradients, cave systems that can be
entered and explored are not known. A map of the distribution of caves in Jackson County shows
hundreds of caves in the adjacent highlands, but none within the Sequatchie Valley (Figure 2.5-303:
Reference 413). Cave locations shown immediately east of the site are associated with the northeast-
trending escarpment of Sand Mountain, approximately 1.5 miles east of the BLN site where the
Mississippian Bangor and Monteagle Limestones crop out beneath the Permian Sandstone cap.

To read:

The relief and hydraulic gradient at the BLN site are not favorable for the development of large cavern
systems. In lowland areas like the BLN site, where limestone units have little relief, are relatively close to
groundwater levels, and groundwater has relatively low hydraulic gradients, cave systems that can be
entered and explored are not known. A map of the distribution of caves in northeastern Alabama shows
many hundreds of caves, mostly in highland areas (Figure 2.5-303A: Reference 413). Caves within five
miles of the BLN site (Figure 2.5-303B) are also associated with highlands and are formed in the
Mississippian Bangor and Monteagle Limestones which crop out beneath the resistant cap of the
Pottsville and Pennington Formations (Alabama Cave Survey, 2008). No enterable caves are known
within the Ordovician limestones of the Sequatchie Valley in Alabama.

2. COLA Part 2, FSAR Chapter 2, Section 2.5, Figure 2.5-303, will be revised as indicated in
Attachment 02.05.04-01A.

ASSOCIATED ATTACHMENTS/ENCLOSURES:

Attachment 02.05.04-01 A
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NRC Letter Dated: August 5, 2008

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.05.04-02

FSAR Section 2.5.4 states that the bottom of the foundation basemat is located at an elevation of 588.6 ft.
Please describe the minimum dimension of a cavity that could adversely impact both static and dynamic
design for the basemat and the intersecting walls, and describe the possibility of encountering this kind of
cavity beneath the basemat. In addition, please describe what procedures are to be used during excavation
and construction to ensure that any cavities with potentially adverse impact to reactor safety do not exist
below the foundation to ensure that the design of the basemat and intersecting walls will not be adversely
impacted.

BLN RAI ID: 2695 and 2696

BLN RESPONSE:

The RAI question posits that there may be a cavity below the level of the basemat that could not be
spanned by the rock above the cavity and that this might cause loss of ground at the basemat level, thus
affecting the basemat. In order to address this concern, the possible size of such a cavity is discussed
below along with a discussion of the potential to discover and remediate cavities of that size. The
purpose of foundation excavation examination and remediation is to check for conditions that would be
detrimental to the performance of the basemat and to remediate those conditions.

The possible types of cavities that would be expected in the rock at the Bellefonte site are discussed in the
response to NRC RAI No. 02.05.04-01. Cavities are expected to be concentrated above elevation 570 ft.
Because the planned foundation level for the Unit 3 and 4 reactor basemats is 588 ft, the potential for
encountering cavities is greatest in the approximate 20 feet of rock below the basemat elevation.

As stated further in the response to NRC RAI No. 02.05.04-01, cavities are typically portions of solution
conduits that preferentially follow joints and bedding planes. Cavities are expected generally to have
circular, ovaloid, slot-like or irregular cross sections. Cavities could be oriented horizontally or vertically,
depending on the orientation of the controlling joints or bedding planes.

An initial evaluation of the potential size of cavities that might result in loss of ground below some
portion of the reactor basemat (worst condition) used methods described in Obert, Duvall and Merrill
(Reference 1). The analysis focuses on tunnel excavations in bedded, competent rock and allows an
estimate of the maximum width of an unsupported tunnel roof (cavity) at different depths that could exist
without exceeding the tensile stress of the rock above. The pertinent equation (page 24 of Reference 1)
is:

L = Square Root ((2Tt)/ yF), where:

L = roof span (least width),

T = tensile strength for layer above roof,

t = thickness of roof layer,

y rock unit weight, and

F = Factor of Safety.

The tensile strength of the rock was obtained from FSAR Table 2.5-236, and is conservative because the
potential for blasting effects at the bearing level were included in the determination of the values in the
table, whereas rock at depths below the basemat being considered herein would not be affected by the
excavation blasting. The values for tensile strength in FSAR Table 2.5-236 include consideration of the
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rock joints and fractures as well. For purposes of the evaluation, the lower bound tensile strength for the
weaker argillaceous limestone was used, 0.020 kips per square inch (or 20 pounds per square inch.)

Unit weights of intact rock core samples were determined during the laboratory unconfined compressive
strength testing described in FSAR Subsection 2.5.4.2.3.1. Values ranged from 168 to 171 pounds per
cubic foot, with an average of 169 pounds per cubic foot.

For a cavity located with its top 5 feet below the basemat, the maximum unsupported width using the
average unit weight is about 13 feet for a Factor of Safety (FS) of I and only the weight of the rock
above. Adding the static uniform bearing pressure (described in the DCD as 8600 pounds per square
foot) to the weight of the rock, the maximum unsupported width decreases to about 4 feet at an FS=I.
The unsupported widths given above vary less than 1 percent for the range of unit weights.

The maximum unsupported width increases with depth below the basemat; for a depth of 20 feet below
the basemat, the base of the zone where cavities are expected to be concentrated, the maximum
unsupported width is about 14 feet considering the static stress from the reactor basemat and an FS=1.

From the initial evaluation approach described above, a cavity within 5 feet of the basemat subgrade
elevation and having a width less than 4 feet would not be expected to create a loss of support at the
subgrade surface. The possibility of encountering such a cavity at the Bellefonte site is considered
remote. As discussed in the response to NRC RAINo. 02.05.04-01, cavities are likely to be small. Also,
as discussed in FSAR Subsection 2.5.4.1.3.1, cavities at the Units I and 2 power block locations were
mostly in the upper 10 feet of rock and were removed by excavation.

The response to NRC RAI No. 02.05.04-08 discusses inclusion of geophysical methods in the foundation
excavation monitoring program. Ground penetrating radar (GPR), electrical resistivity and microgravity
surveys are expected to be used. A cavity with a width of 4 feet or more and located within 5 ft or 20 ft of
the basemat subgrade would be expected to show an anomalous reading in the geophysical methods
planned. A general guide for microgravity surveys is the. 5:1 relationship, whereby a hypothetical
minimum lOft opening can be imaged at a 50-ft depth. Therefore, at a depth of 20 ft a minimum 4-ft
cavity could be imaged. Anomalous readings would indicate a need for further checks using probe holes
or core borings to define the source of the anomaly and bound its dimensions. The foundation
improvement methods described in FSAR Subsection 2.5.4.12.6 would be suitable to remediate cavities
identified.

Reference: Obert, L., W. I. Duvall, and R. H. Merrill, "Design of Underground Openings in Competent
Rock", Bulletin 587, Bureau of Mines, U. S. Department of the Interior, 1960. Available
at: http://digicoll.manoa.hawaii.edu/techreports/PDF/USBM-587.pdf. Accessed 20090112.

This response is PLANT-SPECIFIC.

ASSOCIATED BLN COL APPLICATION REVISIONS:

No COLA revisions have been identified associated with this response.

ASSOCIATED ATTACHMENTS/ENCLOSURES:

None
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Attachment 02.05.04-01A

(2 pages, including this cover sheet)

Figure 2.5-303

Known Caves in Northeastern Alabama and Within 5 Miles of the Site
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