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830 Power Building

TENNESSEE VALLEY AUTHORITY
CHATTANOOGA. TENNESSEE 37401

March 15, 1977

Mr. Norman C. Moseley, Director
Office of Inspection and Enforcement
U.S. Nuclear Regulatory Commission
Region II - Suite 818

230 Peachtree Street, NW,

Atlanta, Georgia 30303

Dear Mr. Moseley:

WATTS BAR NUCLEAR PLANT UNITS 1 AND@§§- REPORTABLE DEFICIENCY -
UNEXPECTED SOIL CONDITIONS ENCOUNTERED DURING EXCAVATION OF
INTAKE CHANNEL

The subject deficiency was initially reported to NRC-OIE Region II
~office, Inspector V. L. Brownlee, on October 15, 1976, in accordance
with 10 CFR 50.55(e). Our first interim report was submitted on
November 16, 1976. Enclosed is our final report concerning this

deficiency.
Very trul y urs,
’LLo?
. E, Gilleland
Assistant Manager of Power
Enclosure

CC: Dr. Ernst Volgensu, Director (Enclosure)
Office of Inspection and Enforcement
U.S. Nuclear Regulatory Commission
Washington, DC 20555

An Equal Opportunity Employer ?9 !
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WATTS BAR NUCLEAR PLANT UNITS 1 AND 2

REPORTABLE DEFICIENCY
UNEXPECTED CONDITIONS ENCOUNTERED DURING EXCAVATION
OF THE INTAKE CHANNEL '

. FINAL REPORT |

Dascription of the Deficiency ' . ) .

The original soils exploration program in the intake charnel area defined
the general soil profile as a 15-foot layer of lean clay material from
elevation 695 to 680, a 15-foot layer of silty sand from elevation 680

to 665, and a 15-foot layer of firm basal gravel from elevation 665 to

650 (top of rock). The layer of silty sand was judged to have a potential
for liquefaction during a seismic event, and therefore the design of the
intake channel involved removal of this material down to top of fimm gravel
(elevation 665). A typical cross section of the intake channel with the
profile discussed above is shown in figure 1.

During the excavation of the channel, unexpected soil conditions were
encountered in the layer of firm gravel. Therefore, test trenches and pits
were excavated into the firm gravel to better define the soil conditioms.
On the upstream side of the channel, conditions were as expected except -
.from the pumping station to about halfway to the river, top of rock was
deternined to be at about elevation 663. Therefore, excavation in this
area vas made to top of rock, and about 18 inches of granular fill com-
pacted to 85-percent maximum relative demsity was placed to provide a dry
working base for placement of the compacted fill. The strength character-
istics of the granular f£ill are better than the basal gravel and the
compacted earthfill, and no additional design and analysis was required.

On the downstream side of the channel, layers of sand and one layer of

clzy were found to exist in the firm gravel. From the pumping station to
about halfway to the river, top of rock was found to be at about elevation
656. It was decided to excavate down to rock in this area and place the
layer of granular fill (if needed to obtain a dry base) and then compacted
earthfill as originally planned. Additional stability analyses have been
made to verify the limits of excavation. In the remainder of the downstream
side, difficulties were encountered in excavating the trenches and test pits
to top of rock due to the water table.

Szmples of the sand and clay material in this area were collected by TVA's
Singleton Materials Laboratory for evaluation. Preliminary examination of

the sandy material by the soils laboratory and comparison of its character-
jstics with the empirical rules concerning evaluation of liquefaction potential
outlined in section 2.5.4.8 of the Watts Bar FSAR indicated a possibility for
liquefaction during a seismic event.
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Accordingly, a pro!'.: of additional soils borings s formulated to
determine the lateral and vertical extent of the sand and clay layers and

to better define top of rock. Figure 2 is a plan "view of the channel which
shows the locations of the additional soils borings. The exploration pro-
gram determined that the lowest bedrock elevation occurred near the mouth
of the channel at elevation 65C. Iun addition, a program of cyclic testing
of the sandy material and static testing of the clay material, under R con-
ditions in both cases, was instituted. The results of the exploration and
testing program were evaluated to determine the need for additioral anzlysis.
These results indicated a probable liquzfaction of the sand layer during a
seismic event. In addition, the strength properties of the clay layer were
too low to stabilize overlying slopes. Additional analyses have been made
to determine new limits of excavation to top of rock for the downstream
side of the channel extending from the reservoir to approximately halfway
to the pumping station. '

Additional Analvses

As outlined above, additional stability analyses were made for those portions
of the downstream side of the channel with bedrock elevations ranging from
656 (approximately halfway to the reservoir) to 650 at the reservoir end of
the channel. The analyses assumed that the excavated material would be-
compacted and placed as fill in the seme manner as that used in other areas
of the intake channel. The strength properties of the remolded material
are $=159 and c=1200 psf, the same values used in the original analysis, as
determined by tests on the remolded soil. The liquefiable material adjoin-
ing the remolded slopes is assumed to have no strength. Section 2.5.5
(Stability of Slopes) of the Watts Bar FSAR, the most critical design case
for the intake channel is for sudden drawdown plus the occurrence of an
SSE. The minimum factor of safety for thiscase is 1.0.

Analysis of Safaty Imolicatlons

Cooling water for both normal operating znd safe shutdowa conditions
coma3 from the ERCY intake pumping station which cemmunieates with the
river through the in*ake chaan=zl. If the slte expariencad a savere
selsmic event, earth slippaze night occur, with th2 most probable
result baing a partlal blockaze of the intake channel., The plant
could have bz2z2n brought to a2 safe shutdown condition 2nd could have
baen maintained thare indafinitaly. 1In the unlikely event of a
complate blockage of the intake channel iselating the ERCVW pumping
station from tha river, thaz plant could be maintainad in a safe
condition for a limited time; but eventrual loszs of ERCW would have
rasulged in loss of the emergency diesel generator and core cooling
capability. During this limited period the plant staff could take
action to restore the source of water or taks other action (such as
elimination of nonessantial loads) to extend the cooling capability.

If thase measur2s failed and core cooline lost, th 1
safety of the public could ba endangered? a2 ® health and

.

"Corrective Action Taken

For bedrock elevation from 660 to 656 the limits of excavation will be as
shown in figure 3. The factor of safety for a wedge failure along a plane

at 656 is 1.12. The slope is therefore stable against failure by sliding.



Figure 4 shows the limits of excavation for a section with a bod:ock elova-
tion of 650. Tne factor of safety for 2 wedge failure alonz a plane ot
elevation 650 is 1.0, Tuis factor of safety is considered °0*nu°b since
it was computed with the use 0f extremzly conmservative assumphions. As
showm on figure 4, the factor of safety was compuled assuming that tbe
entire zon2 of sandy material extending from elevation 680 to 650 liquafies
completely during 2z seismic event. This is a very conservative asswunpt i on
Furthermors, the assumption has been made that no shear strenzth exists
2long the failure plane where it passas through the sandy zone; again, this
is 2 very conservative assuaption. Even a small arount of shear strength in
the liqusfiable zone along the failure plane vou- 1 nzke the safety factor.
greater than 1.0.

A dike was constructed at the reservoir end of the inteke channzl and left
in place so that excavation and replacemant could be accompllﬂhed in tha
dry. When the dike is removad to complete the mouth of the channel, the
side slopes will be constructed of rockfill placed underwvater. TIn
strength of the rockfill is 0=45°, c=0. On the upstream side of the mouth
of the intake channel the firm gravel layer will be left in place and rock-
£i11 placed on top of it from elevation 665 to 695. On thz downstrean side
the rockfill will be placed on bedrock down to elevation 650. ’

{1\

Figure 5 shows a typical cross section of the rockfill slopes on the upstrean

side of the channel. The factor of safety against sliding along a plane at
elevation 665 is 1.5.

The downstrezmn side of the channel with rockfill placed on a bedrock cleva-

‘tion of 650 is shown in figure 6. The factor of safety for a wedge failure

at 650 is 1.30, and the slope is therefore stable.

Summa

The effect of these unexpected soil conditions on the stability of the intake
channel side slopes has been determined through additional amalyses. Limits

of excavation of sufficient extent to ensure slope stability have been com-
puted and transmitted to TVA coastruction forces, Construction is underway
at the plant siteusing these revised limits of excavation. Appropriate
sections of the Watts Bar FSAR will bc revised to 1ncorporaue the material -
presented in this reporc
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In Reply Refer To:
IE:II:VLB
50-390 and 50-391

£

Tennessee Valley Authority
Attn: Mr. Godwin Williams, Jr.
Manager of Power

830 Power Building
Chattanooga, Tennessee 37401

WATTS BAR NUCLEAR PLANT - FIELD ASSEMBLED CONTROL STATION
TWO - POSITION SELECTOR SWITCH OPERATOR

Gentlemen:

-

Thank you for your letter dated December 22, 1976, which forwarded an
interim report pursuant to 10 CFR 50.55(e) (3) regarding the above
referenced item. Should we have any questions regarding this matter
prior to the receipt of your final report, we will contact you.

Your cooperation is appreciated.
Very truly yours,

Charles E. Murphy, Chief
Reactor Construction and Engineering
- Support Branch

~cec: Mr. J. E. Gilleland

Assistant Manager of Power

Mr. J. C. Killian, Project Manager
_ Watts Bar Nuclear Plant .
P. O. Box 2000
Spring City, Tennessee 37381




