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ROCHESTER GAS AND ELECTRIC CORPORATION

gl ~ 0 IsaOq

, '1AEC I
~ .

~ sv EAST AVENuE, ROCHESTER, N.V. ~iidr

LEON O. WHITE, JR.
VICE PRESIDENT

TELEPHONE
AREA CODE 710 546-2700

May 13, 1980

Director of Nuclear Regulation
Attention: Mr. Dennis L. Ziemann, Chief
Operating Reactors Branch 52
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: Tendon Inspection and
Lift-OffVerification
Ginna Nuclear Power Plant
Docket No. 50-244

Dear Mr. Ziemann:

In response to your letter dated March 26, 1980, we have
prepared the following information. Also, revised sheets dated
April 11, 1980 to be incorporated into the report "Evaluation
of Prestressed Tendon Forces — Robert E. Ginna Nuclear Power
Station" are included as Attachment 1 to this letter.
Res onse to uestion No. 1:

Regarding the statement made in the first sentence, shrinkage
is not, considered to be an important. factor contributing to loss of
prestress. As seen from Table 2 of the report, shrinkage accounts
for only 2.8 kips (2.1%) of the total 40 yr. loss of 130.5 kips.

Shrinkage tests were conducted on various trial concrete mix
designs. The tests were in accordance with ASTM C-494, "Chemical
Admixtures for Concrete." The results were used for comparing the
shrinkage of various mix designs. Thm shrinkage values, which
were in the neighborhood of 250 x 10 in./in. at 28 days, were
based on 3 in. square by ll~ in. long specimens which were stored
in air at 73'F and 50% relative humidity. The shrinkage strains
which these specimens experienced are not applicable to those
occurring in the 3 ft. 6 in. massive containment walls. These
walls have a volume-to-exposed surface ratio of 42 in., versus
0.7 in. for the test specimens. The information given in ref-
erences (4) and (6) of the report indicates that 100 x 10
in./in. is a conservatively large 40 yr. shrinkage strain for
V/S = 42 in.
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ROCHESTER GAS AND ELECT C CORP.

DATE May 13, 1980
To Mr. Dennis L. Ziemann

SHEET NO.

2

Project documents identify the concrete miz design used for the
containment wall as:

Cement (Type II)
Fine Aggregate

Coarse Aggregate (N.Y.51)
(N.Y.82)

Water

Admixtures

658 lbs. (7 sacks)

1310 lbs.
1290 lbs.

440 lbs.
35.7 gals. (298 lbs.)

Darez

Plastiment

4.5 oz. per yard

21 oz. per yard

The water-cement ratio of the miz is 0.45 (by weight). Neither
the Proposed Regulatory Guide 1.35.1 nor its referenced document,
Reference (4), explicitly relates shrinkage to water-cement. ratio.
The shrinkage test specimens of Reference (4) contained 5.44 sacks
of Type III cement per cubic yard, and some sealed specimens were
included. Although Reference (4) does not state the water content
for the specimens, it would be expected that this concrete had a
water-cement ratio equal to or greater than that of the Ginna
containment concrete which used a 0.45 water-cement ratio.

As stated in the report, the Mean Daily Relative Humidity
for the Ginna site is in the 70% to 80% range. This humdity is
within the 40% to 8(% range of Proposed Regulatory Guide 1.35.1
for which 100 x 10 in./in. is specified.

Therefore, it is concluded that the shrinkage value of
Reference (4) as applied to the Ginna containment concrete is
conservative.

Res onse to uestion No. 2:

Two basic types of shrinkage occur in concrete: drying
shrinkage and autogeneous shrinkage. Due to the massive nature
of the 42" thick containment wall, most of the vertical shrinkage
of the wall that is significant enough to cause a loss of prestress
force, occurs over its interior and is due to autogeneous shrinkage.It is generally accepted that autogeneous shrinkage is assumed to
start as soon as the hydration process starts. Thus, to simulate
this condition, "one hour after concrete placement" was used to
start the shrinkage strain curve in Figure 3 of the report.

As shown in Figure 2 of the report, the concrete placement
in the containment wall started in April 1967 and was completed
in June 1968. Use of the average placement date for the shrinkage
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DATE May 13, 1980
To Mr. Dennis Z. Ziemann
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3

strain calculation assumes that the lower half of the wall was
constructed prior to this average date and the upper half was
constructed after this average date. Thus, at any point in time,
concrete in the lower half of the wall would experience shrinkage
strains greater than that predicted based on the average date, and
concrete in the upper half would experience shrinkage strains less
than that predicted based on the average date. The total shrinkage
shortening of the wall is the sum of the shrinkage strains for each
concrete lift times the liftheight; however, the shrinkage strain
is different for each lift. Use of an average placement date for
the concrete to establish an average shrinkage for all the lifts is
a reasonable and sufficiently accurate approach.

Res onse to uestion No. 3:

The creep curve of Reference (6) of the report is included as
Attachment 2. It was used to establish the specific creep values
defined in the report. Independent creep tests, were not rec{uired
for Ginna and were, therefore, not conducted.

The concrete mix design used for the containment wall is
given in the response to Question 1. For the Ginna mix, the
volume concentration of cement paste in the concrete is 0.34,
and the water-cement ratio by weight is 0.45. For Reference (6)
these values were 0.30 and 0.50, respectively. Because of the
similarity of the two mixes, the specific creep data of Reference (6)is considered applicable to the Ginna concrete.

Res onse to uestion No. 4:

The design basis for the Ginna containment was ACI 318-63.It does not contain a requirement to provide relaxation tests for
the tendon wires. Data used was provided by the tendon supplier
based on typical wires produced at that time.

As stated in the report, the prestressing wire was specified
to have a nominal 40-year stress relaxation of 12%. Figure 3A of
the report, is based on stress-relaxation curves from Armco Steel
Corporation (See Attachment 3), the supplier of the wire for Ginna.
The curves for Specimens 1 and 2 were provided by Armco as being
representative of the relaxation grade of wire provided for Ginna,
but the specimens were not. taken from Ginna production wire. The
curve in Figure 3A of the report was constructed by multiplying the
relaxation curve for Specimen 2 by the factor (12/11.5). Note that
the curve for Specimen 2 includes data from 1000-hour relaxation
tests.
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ROCHESTER GAS AND ELECT C CORP.

DATE May 13, 1980
To Mr. Dennis L. Ziemann

SHEET NO.

Res onse to uestion No. 5:

In the original design, a required minimum average tendon force
of 636 kips was calculated. This force resulted from the controlling
load combination:

where

0.95 D + F + 1.5P + Ta

D = Dead load
F = Vertical prestress
P = Accident pressure of 60 psig

T = Accident temperature, including operating temperaturea

Res onse to uestion No. 6:

The principle cause of the loss of tendon prestress is the
relaxation of the steel. The results of the ten year retest in-
dicate that, what appeared to be an increased rate of loss was in
fact discrepancies in the acoustic lift-offreadings for the 8
year surveillance. During the ten year retest., a visual observa-
tion of the effect of complete detensioning on the connection
between the rock anchor and the wall tendon was made. No observ-
able movement occurred (see page I-3 of Addendum 1 of the report).
The effect of detensioning one tendon, of a total of 160, on the
elastomeric pad was not. addressed during the ten year retest since
the change would have been too small to provide reliable data.

Res onse to uestion No. 7:

The use of 1/32 inch shims rather than the acoustical method
to determine lift-offwas recommended by Inryco, Inc., who supplied
and stressed the tendons and conducted the 10 year retest of the
tendons. A lack of reproducibility of lift-offreadings on some
projects, as demonstrated by the differences between the 8 and 10
year Ginna tests, prompted a change to this procedure. Note from
Table I-1 of the report, columns (1) and (2), that there is not a
significant difference in the lift-offpressures using the two
methods. The acoustic method of determining lift-offis highly
dependent. on the individual conducting the test while the ability
to remove a 1/32 inch shim from the shim stack can clearly be
demonstrated.

Res onse to uestion No. 8:

An inspection of the concrete around the tendon anchorages
has not been required during tendon surveillance. Hence, docu-
mentation, visual inspection or photographs are not available for
past surveillances. The concrete surrounding the rock anchor is
inaccessible and has not been inspected.
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Question 9 is in several parts which will be responded to as
individual questions.

Res onse to uestion No. 9a:

Pages 5.1.2-20, 5.1.2-20a, and 5.1.2-21 of the Ginna FSAR
(See Attachment, 2, part 6 of the report) give the design bases for
the rock anchors and contain the basic references used to justify
the criteria.
Res onse to uestion No. 9b:

Page 5.1.2-23 of the Ginna FSAR (See Attachment 2, part 6 of
the report) indicates the capacities and safety factors for the
original design.

Res on'se to uestion No. 9c:

RGB records indicate that the typical rock anchor length is33'-6". Individual records for each tendon are available if desired.
Res onse to uestion No. 9d:

Pages 5.6.1-4 through 5.6.1-5 of the Ginna FSAR (See Attach-
ment 4) describe the scaled down tests performed to develop rock
anchor criteria.
Res onse to uestion No. 9e:

Page 5.1.2-24 of the Ginna FSAR (See Attachment 2, part 6 of
the report)describes the technigue used to install the tendon/rock
anchor coupling device. Attachment 5 is an assembly drawing of the
tendon to rock coupling, and the manufacturer's drawings of the
individual parts.
Res onse to uestion No. 9f:

The design assumption to utilize the weight of the rock (See
response to question 9a) as the maximum force for the anchor takes
into account all adverse effects of group action since the capacityof the anchor was based on .8 UTS or 847 kips which is a larger
force. Since the rock anchors were stressed to .8 UTS duringinitial installation, new loads to be applied during the re-
tensioning program should have no adverse effects.
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DATE May 13, 1980
To Mr. Dennis L. Ziemann
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If there are any further questions regarding this information,
please contact"us.

Very truly yours,

~Mp
LDW:rb
Attachments

zc: Mr. Boyce H. Grier, Director
Office of Inspection and
Enforcement Region I
U.S. Nuclear Regulatory Commission
w/attachments
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Type II cement, modified for low heat of hydration, is used to minimize
shrinkage.

"Grab" samples are taken periodically at the batch plant, upon delivery
of cement. Each sample is tested by the Testing Laboratory for
conformance to'ASTM C 150, and the results are also compared with the
certificate supply with each delivery of cement.

Elastometer Bearin Pads

Tests are performed on elastomer specimens to ensure compliance with
requirements for (1) original physical properties including tear resistance,
hardness, tensile strength and ultimate elongation, (2) change in physical
properties due to overaging, (3) extreme temperature characteristics, (4)
ozone cracking resistance, (5) oil swell and (6) shear modulus. In
addition, two full size'pads are tested, one for creep and one for
ultimate load. Specimen No. 1 is initially placed under essentially
a constant compressive load of 1000 psi (the design pressure) for
four days to measure creep. This pad is then loaded up to 2000 kips
(5.3 times design load) when the test was terminated without failure.
Specimen No. 2 was similarly loaded up to 2000 kips without failure.
The rebound of the pads after the 2000 kip load was removed is essentially
complete. A summary of the test results is shown in Figures 5.6.1
3 and 5.6.1-4.

Rock Anchor Tests

Three scaled down test rock anchors were installed to demonstrate
first the hold-down capacity of the rock and second the capacity of
the bond between rock and grout.

5.6.1-4
4/69
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Two tests were made on rock anchor "A" which was installed at the

center of the proposed containment vessel. The first test, called

test A-1 was to determine rock hold-down capacity. The set-up for
test A-1 is illustrated in Figure 5.6.1-5. The beam support piers

were located beyond the assumed influence circle of rock having a

diameter of 23 feet 6 inches. An independent frame was erected to

obtain deflection measurements on. the concrete pier at. the anchor.

This placed all supports for lifting as well as measuring devices

outside the influence circle of rock. Dial gauges were used to measure

the movement of the concrete pier and the anchor head. The test load

was applied with a 150 ton jack mounted on the beams spanning the

test anchor. Measurements of the jacking force were made with a dynamometer,

calibrated immediately before the test. The second test on rock anchor

"A" (Test A-2) and the tests on rock anchors "8" and "C", also installed
near the center of the proposed containment vessel, were made to demonstrate

bond capacity. The set-up for test A-2 and for rock anchors "8" and

"C" was an arrangement whereby the jack was supported directly by

the concrete pier adjacent to the test anchor.

5.6.1-4a

4/69
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Rock anchor "A" consists of twenty-eight 1/4 inch diameter wires grouted for

a length of 4 feet 5-1/2 inches in a 3-1/2 inch diameter hole. All test rock

anchors were oversized so that the test load of 100 kips would develop only

about 30% of the ultimate capacity of tendon wires while developing a bond

stress of 170 psi which is the design stress for the containment rock anchors.

This permitted testing bond stresses well in excess of design (170 psi) without

exceeding ultimate wire stresses.

The test procedure for test A-1 was as follows:

The anchor was loaded in 20,000 pound increments to 100,000 pounds. The load

was maintained at each increment for 15 minutes prior to taking measurements

for elongation of the tendon and clevations of the concrete pedestal and

adjacent rock surface. Because the anchor head appeared from visual observation

to not have lifted off at the 100,000 pound load, the load was increased to

110,000 pounds at which point lift off was apparent. Subsequent review of

measurements on the movement of the anchor head indicate that actual liftoff
occurred between 80,000 pounds and 100,000 pounds as would be expected.

In test A-2, "B" and "C", tendon was jacked from the concrete pier immediately

adjacent to the tendon.

Table 5.6.1-1 lists measurements taken during test A-1. figures 5.6.1-6,

.5.6.1-7 and 5.6.1-8 show plots of load vs. elongation deflection for all tests.

The application of a test load of 110 kips to rock anchor "A" (as indicated

by the results of test A-1 shown on Figure 5.6.1-6) is equivalent to 137.5%

of the calculated hold-down capacity assumption used in the design is valid.
The plot of load vs. elongation deflection for rock anchor "A" tests A-2

(see Figure 5.6.1-6) and "B" and "C" (see Figures 5.6.1-7 and 5.6.1-8)

indicate a factor of safety against slippage by the grout and rock of at least

2.0 (200 kip load vs. 100 kip design load) for rock anchor "B",. If slippage

occurred within the grout the factor of safety against failure is even greater.

The plot of load vs. elongation for rock anchor "A" shows an apparent dis-

continuity which is indicated by a dashed line on Figure 5.6.1-6. This

represents settlement of the concrete pier adjacent to the rock anchor when

the load was transferred from the lifting frame used in test A-1 to the lock

nut which bears on the concrete pier.

5.6.1-5
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Attachment 85 (Cont'd)
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