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ENCLOSURE
WATTS BAR NUCLEAR PLANT UNITS 1 AND 2
DESIGN CRITERIA AND ANALYSIS
FOR THE UNDERGROUND BARRIER

FOR THE ERCW PIPELINE AND 1E CONDUIT ALIGNMENT

The location of the underground barriers are shown on Figures 1 and 2. The
underground barriers were analyzed for the following cases:

Case Required Factor of Safety

I. During earthquake but prior 1.0
to liquefaction (reduced
passive pressure assumed
to act)

II. After earthquake and after 1.0
liquefaction (no passive
pressure assumed)

Figure 3 is a summary of the analysis of the underground barriers. The
figure shows: a loading diagram of how the underground barriers were
analyzed, a summary of the design parameter and criteria used in the
stability analyses, and a summary of results of the stability analysis for
each cross section. Figure 4 is a plan of the area showing the locations of
the as-built cross sections.

As shown in the summary of the design parameters and criteria, the shear
strengths of the alluvial sands (i.e., potentially liquefiable sands) have
been assumed to be reduced during the earthquake. This was done to
acknowledge the possibility that some strength loss in alluvial sands may
occur during the earthquake. The magnitudes of the strength reduction, 50
percent of cohesion and 30 percent of angle of internal fiction, was based on
engineering judgment and is considered reasonable and conservative for the
material.

The results of the stability analysis for each cross-section are provided for
two sets of analyses representing "during earthquake" and "after earthquake"
conditions for different potential failure planes. The "during earthquake"
analyses show the stability of the barrier when the barrier mass is subjected
to the peak acceleration, complete liquefaction of sands for the active earth
pressure, and consider partial passive (reduced) earth resistance. The
11after earthquake" analyses show the stability of the barrier after the
earthquake and consider complete (postulated) liquefaction of the saturated
alluvial sands for the active earth pressure and complete loss of downstream
passive resistance. Depending on the section geometry and materials used as
backfill, between one and five assumed failure planes were analyzed for each
cross-section and design case.

Due to the urgency to complete the construction of the barriers prior to fuel
load, the trench excavation was started prior to completion of the laboratory
testing of the backfill soils. The barrier widths were based on assumed
design soil properties. The results of the evaluation of the initial
laboratory shear strength tests showed that the design cohesion was



approximately half the needed cohesion to stabilize'the barriers. To
eliminate the need to widen the barrier, additional laboratory shear strength
tests were made on backfill soils remolded to a higher level (100-percent
standard compaction ASTM D 698) of compaction. The results of this testing
showed that the cohesion was increased sufficiently to allow the barriers to
be stable.

Si;nce it was not necessary for each entire barrier to be constructed at the
higher compaction level (100 percent), additional analyses were made to
determine what elevation the lower compaction level (95 percent) could be
used. Also since the construction period for the trench B barrier extended
though a winter season, the option to use crushed stone in lieu of earthf ill
was selected to expedite completion of construction. Each change of backfill
material in a cross-section presented a potential failure plane which was
checked in the analysis.

A study, described in FSAR section 2.5.14.6 was made to determine the design~
groundwater elevation for the piping and conduit alignments. The groundwater
level was revised to reflect a 25-year groundwater. The influence of this
higher groundwater on the analysis of the underground barrier was discussed
with the NRC. The staff indicated they concur with TVA's judgment that the
higher groundwater level will have a minimal effect on the results of the
stability analysis, thus not requiring any additional evaluation of the
stability of the underground barrier.

Figures 5 through 8 are representative cross-sections along the centerline of
Trench A. As shown on figure 3, the results of a stability analysis for
station 6 + 78 of trench A are not provided because the soil profile was not
identified above the top of shale. This is not considered critical to the
overall summary since the other 17 of the 18 cross-sections of trench A were
analyzed and found to be adequate. The stability results are provided for
two different potential failure planes, which are shown on the representative
cross-sections (figures 5 through 8) at (1) the top of weathered shale (A),
and (2) the interface between the 95-percent and 100-percent maximum dry
density fill (B). Figures 9 through 12 provide the summaries of in-place
density and moisture quality control tests conducted on the fill materials
during construction of Trench A.

Figures 13 through 16 are representative cross-sections along the centerline
of Trench B. Since trench B was backfilled with compacted crushed stone in
addition to earthfill, additional potential failure planes were identifed at
the various material interfaces and analyzed. The stability summary on
figure 3 provides the results on two of these potential failure planes. The
first, at the top of weathered shale (A), is provided for each section. The
second, at one of the other potential failure planes, represents the lowest
factor-of-safety for that cross-section other than at the top of the
weathered shale. Figures 17 through 21 provide the summaries of inplace
density and moisture quality control tests conducted on the fill materials
during construction of trench B.

Figures 19 and 20 show that one quality control test had results that did not
meet the required criteria for backfill in trench B compacted to 100 percent
of maximum dry density. This failure to meet criteria was identified after
trench construction was completed and nonconformance report (NCR) 580~4 was
issued. The failure to meet required criteria resulted from the inadvertent



use of' the improper compaction control curve during construction. This
resulted in the test sample being undercompacted by 1.3 percent and having
too high a moisture content by 0.7 percent. The fill represented by the test
sample was located near the top of' the 100-percent maximum dry density
backfill zone. This location is not critical to the analysis results;
therefore, the disposition of the NCR was to use as is.

Figure 4I shows the final grading for the area of the underground
barriers. Analyses of the underground barriers reveal that the as-built
barriers meet or exceed all design requirements.
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2E.EALL CNOTES TO HLLB CODNC IHGNRLCNTUTO

SPECIFICATIDN G-9, EOCE PT AS NODED.
3. ALL EXCAVATION AND BACKF ILL SHALL NE DONE UNDEH DOE DIRECTONI RERUISION

OF A QUALIFIED SOILS INSPECDOR, EXLEPT WHENJ EXCAVATI NG FORMERLY SPOILED
RATERI10..

4. 0S BUILT CROSS-SECT IONS OF EACH FRENCH SHALL RE RECORDED. THE CROSS
SE CT IONS SHALL B E MADE AT NO FOOT STATIONS ALONGTES TRDENCH CCNTERLINC.
THE INFORMARTION TO RE RECORDED FOR EACH CROSS-SECTION SHALL INCLUDE:

A ELEVATION 000 LOCATION OF ALL SURFACE BREAKS IN THE PROFILE.

b. ELEVATI ON OF THG TOP OF WEATHERED SHALE. 'OF OF NOSEL GRAVEL(IF ENCOUNTERED) AND TOP OF SAND OR SNILTY SAN D,1: [H E S IDE WALLS
OFI HE EX ALV AUTION SLOFES. THE INSTECTOT SHALL PHOVIDE THlE IDENI-I
FICATION OF THESE' NATERIALS.

c. FINAL GRADE
V. FINOAL GHAD IN1G PER DRAWING 1OW24A SHALL RE BADE AND SEEDING TO RESTORE

VE3ETAT ION TO THE AREAS AEFECTEU BY THIS5 WO RE SHALL YE APFLIED AS

N. COORDINATE WITH POWER, DIVISION OF TRANSMI SSIAN1 SYSTEM E1NGINERING AND
CONSTROCTIDNTHE LOCATION OF THE TRENCH PATH RESPECT To THE TRANSMISSION
TOWER FAN THEIR EVALUATION OF THE NEED FOR SUPFORT OF THE TOWERFOUNDATION.

'Also Available O
Aperture, Card

?5ornso/qg -O/
WATTS BAR NUCLEAR PLANT

YARD
UNDERGROUND BARRIERS
FOR POTENTIAL SOIL

LIQUEFACTION
TVA DWG NO. ION213-1 RI

FIGURE 1



EXCAVATION NOTES:I . A STOC KPILE AREA FOR FINE GR.AINED O !~ADD SILTS.,,AIND A SEPARATE STOCKPILE AREA FOR TVE SANDS MIDS LTY SANDS ARE TO BE ESTABLISHED. SEPARATE STOCKPLE FOR ACH TRNCHI MAY BE ESTABLISHED AT THEOPTION OF THE FIELD. AS EACH TRENCH IS EXCAVATED THE FINE GRAINED CLAYS ANII SILTS ARE TO BE VISUALLYSEPARATED FROM THE SANDS AND SILTY SAMOS MAND OISTRIBUTED TO THE APPROPRIATE STOCKPILE. THE STOCKPILEAREAS PRE TO BE ESTABLISHED III A MANNER THAUTWILL ALLOW DRAI (AGE OF THE STOCKPILED HATERIJAL IN ORDERTHRAT IT CAN BE RECLAIMED FOR BACEFILL. THE URFACES OF THE STOCKPILE AREAS ARE TO BE STALED TO PRTEAMYPENOITN MAND TO MIIIIAIZE INFILTRATION OF RAINFALL MND RTIO FF .
2ý MATERIAL ENCOtWETEED IA THE EXCAVATIOR THAT WAS- PREYWI DESLO SPOILED-CRJRING-PLANT- CONSTRUCT ION- SHALL-

BE SPO ILED I N A NEW. LOCATION.
3. BASE'l.GRAVEL KAR RE ENCOUNTERED BELOW THIE SANYS AND SILTY SANTS INI MANY AREAS OF THE TRENCH EXCAVATION.

THE BASEL GRAVEL SHALL BE SPOILED.
4. ECH ITRENCHI IS To BE EXCAVATED TO THE WEATHERED SHALE (SAPROLITE). THE EXCAVATION IS TO BE CARRIED

INTO THE WEATHERED SHVALE To A DEPTH WHREE THE SAPROLITE MATFRIAL EXHIBITS ROCK-LIKE CHADACTERISTICSSUCH AS BEDDING STRUCTURE AND JO INTS. THE DEPTA OF EXCAVATION INTO THE WEAYHERED SHALE SHALL REDETERMINED BR A QUALIF IED SOILS INSPECTOR. EXCAVATION TO SOUND, UNWAEATHERED ROCK IS NOT REQUIRED.
N. BEST NRMGNOETIT PRACTICE FOR RUNOFF SHOUTLD XE USED FOR STOCKPILTS MIX SPOI' PILK AREAS.
6. EACH TRENCH SHALL RE DEWATERED MID MAINTAINED IN A MANNER TRAT WILL ALLOW THE ETCAVATION MID PLACEMENT OFEARTAF ILL. TO RE DONE IN AN ENAITRONMENT SUFFICIENTLY DRY TO COMPLY WITH THE MOSITURK CONTENT REQUIREMENTSOF BACKF IL L NOTE 3. DEVATERIRA IS ALSO NECESSARY TO MAINTAIN THE STABILITY OF EXCAVATION SLOPES ANDADJACETIT STREUCTURES MIX FEATURES. THE DENATERINO TECHNIQUES USED BT COAST MAST BE EFFECTIVE MID RELIABLEAMD 14EET THE APPROVAL OF EN DES. PARTICULAR CARE SHALL XE TAKEN TX PRESENT THE MOVEMENT. MIGRATION,FLEW. SLUAMPING. DR LASS OF THE SAMOSANMD SILTY TANKS IA THE TRENCH EXCAVATIONS. PROGRESSIVELT GUP.EDREVERSE FILTERS OF SANDS. GRAIELS;.AND/OH DCRUHSHED STONE. OS APPROPRIATE. SHALL XE IMMEDIATELY PLACEDOVER MIT SANDY MATERIALS THAY EXHIBIT EENTEACIES FOR MOVEMENRT. MIUMITION, FLOW, SLUMPOING. OR LOSS.7.PRIURTOX PLACEMENT OF ANY OACKFILL. THE SURFACE OF THE WEATHERED SHALE S I.I.L DO REASONABLY NELL CLEMIEDSF ANY SOIL CV LOUSE DEBRIS ASS/DRSANY ROCK USER 4" THAT RAY RE.MAIN AFTER OAKE EXAVATIUN PROCESS. AIRDR WATER SHALL SOT XE USED IA THE CLESSOF DF TOE WEATHERED SHALE SURFACE.
A. THE PROCESS OF EXACASATISS INTO TAO WEATHERED SMILE TO THE SFECIFIED DEPTH. CLEANING THE SURFACE. SANDPLACEMENT OF THE GRANULAR MATERIAL AS SPECIFIED IN RACEFILL NOTE I SHALL AK KEFT AS SHORT OS REASONABLETO PRESENT DETERIJORAT IONHDF THE WEATHERED SMILE SURFACE.

BACKFILL NOTES:
AFTER THE TRENCH HIAS BEEN EXCAVATED TB THE SPECIFIED DEPTH (EACAR NOTE 4) THE FOLLOWING STEPS SHALL XE TAKEN TO
BACKFILL EACH TRENCH:

1. PLACE AND COMPACT A MINIIMU OF T2 INCHES OF GOARANUAA MATERIAL MEETING THE REQUIREMIENTS OF SECTION IRAN (BOTTOM
LAYER) OF GENERAL CONSTRUCTION SPECIFICATION T-1. THE FOLLOWING GRADRATION IS ALSA ACCEPTABLE.

SQUARE PERCENTETPASSING
SIESE SIDE -BYWEII On

1-1/2 INCHES 100

3/A INCH 3N-IA

NO. 4A-
THESGAUPRHLAR MATERIAL SHALL RE PLACED IN MAXIMUM IA INCA LOOSE LIFTS ANX COMEACTED WITH A MNITIMUM OF 6 COMPLETE
PASSES DOYNAOTNOPAC CRAB5VIXRATORY ROLLER. SR AN EN DES APPROVED EQUAL.2. EARTHUFILL TO FT LL THE TRENCHES SMALL BE OBTAINED FROMI STOCKPILES AND BORROW AREAS APPROVEX RY EN DES. THE PURPOSE
UF THE RACEFIL I NG SEQUENC E PROVIDED BELOW IS ED FLOCK THE SANDS AND SILTY SANDS AT A HIGHER ELEVATICON MIX ATAHIGHER DENISITY TAMI THEY NATIURALLY EXIST. THE MATERIAL FOB BACEFILLING THE TRENCHES SHALL BE OBTAINED FRORM THE
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HEISTUR E CONTENT OF THE -ARTAFILL SHALL BEKWATTAIN !3%5UP OPTIMUMM MOISTURE CONTENT.
IZ I-FLOCK DRYDNS ITO TESTS USING THE SHAND CONE (ASTA 0D1556) OR RURBER BALLOON (5THTOID2167)EEST METHODS SHALL
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TO EN DE S FOR REHEHW WI TH 01,0 MONTHLY FILL QUALITY CO'. ' REPORTS REQUIRED 00 U-R.

(b) EARTAFILL FROM BORROW AREAS APPROVED FOR USE IN THE TRENCAES RWEN DES MAR OE SUBSTITUTED FOR ANY OF
TAOZ MA TERI ALS EACAVATED FROM THE TRENCHES AND SYRCEPILED FUR ONE AU RACEFILL.
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