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Dear'Mr. O'Reilly:
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BELLEFONTE NUCLEAR PLANT UNITS 1 AND 2 - EXPANSION ANCHOR FAILURES -
BLRD-50-438/81-23, BLRD-50.-439/81-25 - SECOND REVISED FINAL REPORT*

The subject. deficiency was initially reported to NRC-0IE Inspector
R. V. Celenjak on March 10, 1981 in accordance with 10 CFR 50.55(e) as
NCR 1381. This was followed by our first interim report dated April 9,i
1931, our final report dated July 27, 1981, and our revised final report
dated November 9, 1981. As discussed with J. J. Lenahan "-aember 3,
1981, enclosed is our second revised final report.

sThe report has been revised to expand on the safety implications of the
lower strength concrete and provide additional inforuation to explain why
anchors installed in other areas are not affected.

If you have any questions concerning this matter, please get. in touch with
R. H. Shell at FTS 858-2688.

Very truly.you'rs,
'

| TENNESSEE ~ VALLEY AUTHORITY
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L. M. Mills, Manager '

Nuclear Regulation and Safety

Enclosure
'cc: Mr. Richard C. DeYoung, Director (Enclosure) ,

Office of Inspection and Enforcement -

U.S.'Nuolear Regulatory Commission
Washington, DC 20555
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ENCLOSURE
-

,

BELLEFONTE NUCLEAR PLANT UNITS 1 AND 2
EXPANSION ANCHOR FAILURES

BLRD-50-438/81-23, BLRD-50-439/81-25s

10 CFR 50.55(e)
SECOND REVISED FINAL REPORT

Description of Deficiency
,

TVA General Construction Specification G-32 covers the installation and,

testing of expansion shell anchors installed into hardened concrete. It'

requires inprocess testing of samples of anchors installed by a specific
crew either in a specific location or over a period of time. The anchors
are proof loaded in tension to about 2 3 times the maximum design service
load for the particular size of anchor.

For anchors installed at floor elevation 673 in the M- and F-line walls of
the Control Building between column lines C8 and C10, the rate of proof
load failures for two lots was excessive. After it was apparent that the

_ failure rate was excessive, all 68 anchors in the two lots were tested with
36. railing. Including the 68 anchors in these lots, approximately 150
additionai 3/4-inch anchors were installed in these walls.- Except for a
few 1/4-inch anchors installed for small conduit, no other anchor size was
used in these walls..

Safety Implications

Failure of these anchors could lead to failure of the systems being
supported by the anchors. As these systems may be safety related or their
failure could affect safety-related functions, the failure of the systems
could adversely affect safety of operations of the plant.

:( Corrective Action

There are three po sible causes for the excessive number of proof load
failures:

1. Inadequate concrete strength or stiffness,

2. Material or manufacturing flaw in the anchors, or

3 Improper installation.

The above items were investigated by performing physical tests on the
concrete and by reviewing the proof load test reports.
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TESTING OF CONCRETE

The concrete first was evaluated using a rebound hammer. The results
indicated that the properties of the surface concrete varied significantly
from one area of the wall to another, and that cores should be taken to
determine the actual condition of the surface.

A total of six cores were taken from the M- and P-line walls between
elevations 678 and 684 and between column lines C9 and C10. The cores had
a nominal diameter of 3 inches and a length of about 9 inches. Four cores
were taken from the P-line wall (P-0, P-1, P-2, and P-3) and two from the M-
line (M-1 and M-2). For comparison, three additional cores were taken from'

the M-line wall near C-7 (M-3, M-4, and M-5). The failure rate for anchors
installed near C-7 was acceptable.

Visual examination of some cores revealed a 1-inch layer near the surface
that had a slightly different color than the remainder of the core. The
color difference probably indicates a significantly different degree of
hydration near the surface. The color difference at the surface could be
an indication of freeze damage or any other factor that will decrease
hydration such as localized surface drying.

After removal from the hole, the cores were brought to a saturated
condition until testing. Each core was cut into three 3-inch-long
segments. The cegments were tested separately to determine the change in
strength with depth. The cores were tested and the results corrected for
length effects in accordance with ASTM C42. The results are tabulated in
Table I.

The results indicate that the surface cores in some areas have unexpectedly
low strength. The surface concrete would be expected to have lower
saturated strength than interior concrete because drying results in
insufficient water for continued hydration. However,thestrengthwoulgbe
expected to be substantially above the specified strength of 3000 lb/in .

Review of concrete piccoment records indicates that the cores with the
lowest strength were taken from concrete which was placed in late March and
early April. The weather during this period was warm, so the surface was
not damaged by multiple freezing cycles. _The concrete represented by cores
M-4 and M-5 was plaged in cold weather, but the strength of both cores
exceeded 3700 lb/in

Tne concrete records show that the air content of most of the concrete in
the M- and P-line walls was at or near the maximum of 7.0 percent. Also,
the unit weight of core M-1 indicates high air content. Qualification
tests have shown that the capacity of expansion anchors is inversely
proportional to the air content. The combination of lower strength because
of surface drying and high air content would have a significant effect on
anchor capacity.
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REVIEW OF PROOF LOAD TEST REPORTS

The test reports for all anchors installed on the entire project during
October, November, and December 1980 were analyzed in detail to determine
the proof load failure rates for different sizes and crews. The overall
failure rate for 3/4-inch self-drilling anchors during the 3-month period
was about 15 percent. If all lots representing anchors at floor elevation
673 of the Control Buildins are removed from the sample, the failure rate
is reduced to 4.7 percent.

The failure rate of 4.7 percent is somewhat higher than expected. The
comparable failure rate for the period January 1981 through April 1981 is
2.9 percent. Although this failure rate is somewhat high, TVA does not
believe that any problem with the anchor is indicated. See Table II for
sample size.

The lots at floor elevation 673 were all installed by the same crew. There
is no evidence of bnproper installation because the crew installed several
lots at floor elevation 673 which had no failures. The crew did not
install anchors at any other location onsite.

OTHER INFORMATION

On two occasions after the excessive failure rate was identified,
representatives of the BLNP Civil Engineering Unit witnessed the
installation and testing of 3/4-inch self-drilling anchors into the
M- and P-line wall. The anchors were installed specifically to determine
if anchors which were installed in exact conformance with the
specifications would meet the proof load requirements. Virtually all of
the anchors failed the proof load test.

CONCLUSION

The surface condition of the concrete is the probable cauce for the
excessive failure of 3/4-inch self-drilling anchors. Replacement of self-
drilling anchors with more deeply embedded anchors, such as wedge bolts or
grouted anchors, will ensure acceptable capacity. Replacement of all 3/4-
inch self-drilling anchors in the M- and P-line walls of the Control
Building between column lines C8 and C10 and between elevations 680 and 687
was completed on November 10, 1981.

The lower surface strength of the concrete does not have a significant
effect on the structural capacity of the walls.
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TABLE I

Strengths of Concrete Samples

Compressive Strength (lb/in )#
Average
Unit Wt Segment Segment Segment

Core No.' (Lb/Ft) 1** 2** __ 3*'

P-0 '142.0 3322 4788 5846
P-1 150.6 4136 4983 5342
P-2 150.1 2801 5098 5647
P-3 153 0 2801 4327 4266.,

M-1 138.7 2274 4198 4785
M-2 147.4 2824 4785 5594
M-3 150.5 3714 3954 5070
M-4 147.4 4541 5488 5774
M-5 145.8 4120 4601. 5714

# Corrected for length effects in accordance with ASTM C42.

'# Location of segments in core. (Distance from wall surface.)

Segment 1 0-3 inches
Segment 2 3-6 inches
Segment 3 6-9 inches

TABLE II
:

''

Number Anchors Number
Period Tested Failed Pet Location

_ _ _

I Oct-Dec 1980 371 57 15.4% All Elevations #
Oct-Dec 1980 277 13 4.7% All Elevations

Other Than 673'
Oct-Dec 1980 94 44 46.8% Elevation 673'

'Only
Jan-Mar 1981 340 10 2 9% All Elevations #

# Refers to elevations for which anchors were installed during period
indicated in column one.
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