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Mr. S. A. White
Manager of Nuclear Power
Tennessee Valley Authority
6N 38A Lookout Place
1101 Market Street
Chattanooga, Tennessee 37402-2801

Dear Mr. White:

Subject: Draft Safety Evaluation Report
the Watts Bar Nuclear Plant

4.

2 FEB 1987

Regarding Concrete Quality at

The staff has reviewed your November 13, 1986 submittal regarding concrete
quality at the Watts Bar Nuclear Plant and has concluded that TVA should
propose a test program that would establish the in-place strength of the
concrete identified as non-complying concrete. The non-complying concrete
is defined as concrete which failed to meet its design strength requirement.
The staff's draft safety evaluation report is enclosed.

If you have any questions or wish to meet to discuss this matter, contact
the Project Manager, Thomas J. Kenyon, at (301)492-7377.

Sincerely,

B. J. Youngblood, Director
PWR Project Directorate #4
Division of PWR Licensing-A

Enclosure: As stated

cc: See next page
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o00
Mr. S. A. White
Tennessee Valley Authority Vatts Bar Nuclear Plant

cc:

Mr. L. Tonmasic
Westinghouse, Electric Corperption
P.O. Box 355
Pittsburgh, Pennsylvania 15230

R. L. Gridley
Tennessee Valley Authority
5N157B Lookout Place
Chattanooga, Tennessee 37Z.2-28C1

R. W. Cantrell
ATTN: D. L. Williams
Ternessee Valley Authority
400 West Summit Hill Drive, W12 A12
Knoxville, Tennessee 37S02

Residert Inspector/Watts Bar NPS
c/o U.S. Nuclear Regulatory

Conrrmiission
Rt. 2 - Box 300
Spring City, Tennessee 37381

Regional Administrator, Region II
U.S. Nuclear Regulatory Commission,
101 Marietta Street, N.W., Suite 2900
Atlanta, Georgia 30323

J. A. McDonald
Tennessee Valley Authority
Watts Bar Nuclear Plant
P.O. Box 800
Spring City, Tennessee 373P1

Georce Totc
Tennessee Valley Authority
Watts Bar Nuclear Plant
P. 0. Box P00
Spring City, Tennessee 37381



DRAFTA
WATTS BAR NUCLEAR PLANT

CONCRETE QUALITY EVALUATION

1. INTRODUCTION

TVA evaluation of Employee Concern TN-85-995-002, related to the adequacy

of the concrete auality at the Watts Bar Nuclear Plant site, was originally

addressed by Quality Technology Company in their investigation report dated

February 21, 1986. TVA has completed its evaluation of Employee Concern

IN-85-995-002, and has documented their findings in a report entitled,

"Watts Bar Nuclear Plant-Concrete Ouality Evaluation," including Exhibits

A through K, transmitted to the NRC by their letter of November 13, 1986.

The TVA evaluation addressed the following four concerns:

1. The TVA construction specification does not have concrete strength

acceptance criteria equivalent to those described in accepted industry

standards.

2. The TVA construction specification does not require sampling frequencies

for concrete that are equivalent to those described in accepted

industry standards.

3. Substantial quantities of concrete failed to comply even with the TVA

concrete strength criterion.

4. Bedding mortar was not procedurally controlled.

2. STAFF EVALUATION

The Watts Bar specifications were prepared before acceptable nuclear

industry standards related to concrete were available. The most aenerally

accepted industry standard at the time was the American Concrete Institute

Building Code Requirements for Reinforced Concrete (ACT 318). The ACT

acceptance criteria required an average strength sufficient to guarantee

that no more than 10 percent of the strength test results would fall below

the specified strength when a structure is designed by the strength design



method and no more than 20 percent when a structure is deslaned by the
working stress method. The TVA specification stipulates that no more than
10 percent of the test results may fall below the specified strength for
specified concrete strengths in excess of 2,000 psi, and no more than 20
percent of the test results falling below the specified strength for a
specified concrete strength of' 2000 psi. As the specified strengths for
the concrete of safety-related structures are in excess of 2,000 psi, the
TVA criterion is considered eaulvalent to the ACT criterion.

The staff and its consultant conclude that the TVA concrete strength
criteria are equivalent to industry standards and are acceptable.

The ACI 318 requirement for sampling frequency is one sample per 150
cubic yards. The TVA requirement is one sample per 300 cubic yards for
2,000 psi concrete, one sample per 200 cubic yards for 3,000 psi concrete,
and one sample per 150 cubic yards for stronger concrete with an additional
requirement of a minimum of two samples per day when daily production
exceeds 100 cubic yards. Thus, in the strenoth range of 3,000 psi and
above, which is the strength range of principal concern for structural
safety, the TVA sampling rate may be greater than, equal to, or less than
the ACT rate, depending on strength level and production rate. The TVA
rate is based on the organization's experience in dam building and is
similar to the rate used by other organizations, such as the Corps of
Engineers, for construction of large concrete structures. The ACT
rate is tailored to small structural projects supplied with ready-mixed
concrete. The TVA rate is equivalent to the accepted industry standard
for the type of concrete work involved in nuclear power plant construction.

The staff and its consultant find the TVA sampling frequency for concrete
acceptable.
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The TVA concrete specification requires that no more than 10 percent of
the strength tests for a given concrete mix shall fall below the design
strength. Compliance is monitored on the basis of 30 consecutive tests.
As pointed out in Section 3.2.1,of the TVA report, there were 800 failures
out of 6100 tests. If this failure rate (13 percent) were distributed
randomly, 57 percent of all samples of 30 would fail to comply with the

.specification. The actual failure rate is impossible to compute because
of numerous computer encoding errors. However, Exhibit K, which lists
sets of concrete samples (30 samples per set), which terminate with low
strength, indicates the ratio of nonconforming samples to conforming
samples to be about 500 to 300 samples. While the noncompliance figure is
slightly overestimated because of the inclusion of data for 2000 psi
concrete for which the permitted failure rate is 20 percent, it is apparent
that a situation was permitted to persist throughout the project whereby
about half the concrete did not comply with the specification. In addition
to the overall failure, there were prolonged periods when virtually all
concrete of a given mix failed to comply. For example, except for a brief
period in August 1975 all concrete proportioned to mix 301.5 RFW was out
of compliance with the specification for the period from November 26, 1974
to August 10, 1976. Durina that period there were 224 strength tests.

TVA has dealt with this problem by estimating the average in-place strenoth
for each structural element where a noncompliance (based on cylinder
strengths) is indicated. Strength increases were determined based on the
passage of time and the volume to surface ratio of the structural element.
After these corrections were applied, there were still 36,000 cubic yards
of concrete for which the strength failed to equal or exceed the design
strength. All such structural elements were reanalyzed to confirm
structural adequacy.

1 .11 MMMMMMMMMMý
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The strength increases assigned to the noncomplying concrete are reason-

able. However, as pointed out in Section 3.2.1 of the report and in

nonconformance report No. 6719, much of the problem resulted from the

fact that controlling 3-day strength and extrapolating to later-age

strength from available laboratory data failed to produce adequate later-

age strength. The extrapolation proceduire which caused the problem cannot

be relied upon in the absence of some in-place determination of strength.

Furthermore, in evaluating the' method for determining equivalent in-place

strength, the consultant panel engaged by TVA states on page 5 of its

report (Exhibit C); "while the method that is set forth does not meet all

expressed requirements of relevant industry standards, the panel considers

that the differences are minor with respect to the assessment of safety of

the concrete construction at Watts Bar Nuclear Plant." The staff does not

accept the conclusions of the TVA consultant panel.

Based on the above discussion, the staff and its consultant conclude that

TVA should develop a test program to establish the in-place strength of

the noncomplying concrete that was not qualified to the design strenath

following established acceptance criteria.

Bedding mortar was not controlled under a standard quality-control pro-

cedure. However, its use was well documented and regular strength tests

were made and reported. TVA analyzed walls containing bedding mortar

using very conservative assumptions. The analysis is satisfactory except

that it is incorrectly described in the report. In Section 4.2, it is

stated that when the mortar volume exceeded 20 percent of the concrete

volume, the mortar strength was used in the analysis. An examination of

Exhibit J indicates that the mortar strength was used only when it was

lower than the concrete strength. TVA should resolve this apparent

inconsistency in a future revision of its concrete quality evaluation

report.



The staff and its consultant conclude that TVA utilized adequate

controls and standards in their evaluation of the beddina mortar

used at the Watts Bar Nuclear Plant site.

3. CONCLUSION

Based on the review of the material provided by TVA, and the above discussion
of technical bases, the staff and its consultant conclude that all previous
concerns related to adequacy of the structural criteria for concrete
strength and frequency of sampling, and controls and standards for the
bedding mortar have been resolved. However, we require that TVA prepare
a program for staff review and approval that would evaluate the in-place
concrete strength of the concrete which has been identified as not meeting
the specified design strength.


