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RE: IE Bulletin 79-02 (Rev. 2)

Mr. Boyce H. Grier, Director
office of Inspection & Enforcement
Region I
U.S. Nuclear Regulatory Commission
631 Park Avenue
King of Prussia, PA 19406

,

Dear Mr. Grier: ,

,

This is in response to your letter of November 8, 1979,
which forwarded IE Bulletin 79-02 (Revision 2) with respect to
anchor bolts and base plates. Interim responses to the Bulletin
were submitted to you on July 6, 1979, August 7, 1979, September
7, 1979, and December 5, 1979. This is our final report,
covering actions requested by the Bulletin, from its original j

issue, up to and including Revision 2. The actions requested,
and our responses as they pertain to the Peach Bottom Atomic
Power Station, Units 2 and 3, are listed sequentially below.

i

!Action to be Taken by Licensee.

1. Verify that pipe support base plate flexibility was
accounted for in the calculation of anchor bolt loads. In
lieu of supporting analysis justifying the assumption o#
rigidity, the base plates should be considered flexible if
the unstiffened distance between the member welded to the
plate and the edge of the base plate' is greater than twice
the thickness of the plate. It is recognized that this
criterion is conservative. Less conservative acceptance
criteria must be justified ard the justification submitted
as part of the response to the Bulletin. If the base plate

I
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|i;s determined to be flexible, then recalculate the bolt
loads using an appropriate analysis. If possible, this is
to be done prior to testing,of anchor bolts. These
calculated: bolt loads are referred - to hereafter as the bolt
design loads. A description of the analytical model used to. a
verify that pipe support base flexibility is accounted for '

in the calculation of anchor bolt ~1oads is to be submitted
with your response to the Bulletin.

.

Response

The flexibility of the base plate was not considered in the
original design of the Seismic Category I pipe supports.

All pipe anchor and su'pport base plates using expansion
anchor / bolts were re-analyzed to account for plate
' flexibility, bolt stiffness, shear-tension interaction,-
minimum edge distance and proper bolt spacing. Depending on

' . the complexity of the individual base plate configuration
one of the following methods of re-analysis was used to
determine the bolt forces:

(1) A quasi analytical method, developed by Bechtel' Power
Corporation was used for base plates with eight bolts or
less. A review of the typical base plates used in
supporting the subject piping systems indicate that the
majority of them were anchored either by 4, 6 or 8
bolts. The plate thicknesses vary from 1/2" to 2" and
are generally not stiffened. For these types of base
plates, an analytical formulation has been developed
which treats the plate as a beam on multiple spring

,

supports subjected to moments and forces in three !
orthogonal directions. Based on analytical '

considerations as well as the results of a number of
representative finite element analyses of base plates

- using the " ANSYS" Code, certain empirical factors were
i introduced in the simplified beam model to account for

(a) the effect of concrete foundation, and (b) the two
way action of load transfer in a plate. These factors

; essentially provided a way for introducing the
' interaction effect of such pararaetric variables as plate

dimensions, attachment sizes, bolt spacings and
stiffness on the distribution of external loads to the

i bolts.

The results of a number of case studies indicated
excellent correlation between the results of the present-
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formulation and those by the Finite Element Method using
the "ANSYS" Code. The quasi analytical method generally
gives bolt loads. greater than the Finite Element Method.

A computer program for the analytical technique
described above has been implemented for determining the

'

bolt loads for routine applications. The program
requires plate dimensions, number of bolts, bolt size,
bolt spacing, bolt stiffness, the applied forces and the
allowable bolt shear and tension' loads as inputs. The
allowable loads for a given bolt are determined based on
the concrete edge distance, embedment length, shear cone
overlapping, manufacturer's ultimate capacity, and a
design safety factor. The program computes the bolt
forces and calculates a shear-tension interaction value
based on the allowable loads.

(2) For special cases where the design of the support did
not lend itself to the foregoing method, the finite
element method using the " ANSYS" Code and/cr other
standard engineering analytical techniques with
conservative assumptions were employed in the re -
analysis.-

*

'

(3) Other cases were solved using an approach based on the
strength design method given in the ACI 318-77 code.

!

2. Verify that the concrete. expansion anchor bolts have the
following minimum factor of safety between the bolt design
load and the bolt ultimate capacity determined from static
load tests (e.g., anchor bolt manufacturer's) which simulate
the actual conditions of inscaliation (i.e., type of
concrete and its strength properties):

a. Four - For wedge and sleeve type anchor bolts.,

b. Five - For shell type anchor bolts.

,

The bolt ultimate capacity should account for the effects of
shear-tension interaction, minimum edge distance and proper*

bolt spacing.

.
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.If the minimum factor of safety of four for wedge type
anchor bolts and five for shell type anchors can not be ,

,

shown, then justification must be provided. The'Ballatin l
factors of safety were intended for the maximum support load- 1

' including' the SSE. The NRC has not yet.been provided |

adequate justification that lower factors _ of safety ars |

acceptable on.a long term basis. Lower factors of safety
' are allowed on an interim basis by the provisions of
Supplement No. 1 to IE Bulletin No. 79-02. The use of
reduced ' factors of safety in the factored load approach of
ACI 349-76 has-not-yet been accepted by the NRC.

Response

All Seismic Category I piping system supports have been re-
analyzed for the operating and seismic loading due to a Safe
Shutdown Earthquake (defined as Maximum Credible Earthquake
in the Peach Bottom Final Safety Analysis Report). The
maximum calculated bolt design loads for each base plate
have been compared to the manufacturer's published ultimate
loads, adjusted to the site conditions existing at Peach
. Bottom and taking shear / tension interaction into account, to
verify the adequacy of the existing factors of safety. -

*

Where bolt safety factors were found to be less than five
*

(for shell type anchors), or four (for wedge type anchors),
modifications have been made to these supports to upgrade

i the bolt safety factor to meet the requirements of the
! Bulletin. In some cases, interim modifications were made to

provide a bolt safety factor greater than twc to assure
system operability in accordance'with Revision 1 (Supplement
No. 1) to the Bulletin. Where such interim modifications
were made, further modifications were subsequently made to
those supports to upgrade the bolt safety factors to the
requirements of the Bulletin. All Seismic I piping system
supports now have anchor bolt safety factors that meet the
Bulletin requirements. This represents a conservative
departure from our July 6, 1979 responsa to the Bulletin, in
which we had proposed the use of reduced bolt factors of
safety in accordance with Section B.7.2 of the Proposed
Addition to Code Requirements for Nuclear Safety Related
Concrete Structures (ACI 349-76), August, 1978.

|

3. Describe the design raquirements if applicable for anchor |

bolts to withstand cyclic loads (e.g., seismic loads and
high cycle operating loads),

t

.

' 1
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Response

:In the design of the piping systems, Bechtel: Power
Corporation considered deadweight, thermal stresses, seismic
loads, and dynamic loads-in the generation of the pipe
support design loads. To the extent that these loads

_

include cyclic; considerations, these effects are included in
|the design of the hangers, base plates and anchorages.* ,

The safety factors used for concrete expansion anchors,
installed on supports for safety related piping systems,
were not increased for loads which are cyclic in nature.
The use of the same safety factor for= cyclic and static

~

loads is based on the. Fast Flux Test Facility-Tests (Drilled
.

- In Expansion Bolts Under Static and Alternate Loads.b

Report No. BR 5853-C-4 by Bechtel Power Corporation,
January, 1975).- The test results indicate:

i

(1) The expansion anchors successfully withstood two million
cycles of long. term fatigue loading at a maximum,.

intensity of 0.20 of the static ultimate capacity. When
the maximum load intensity was steadily increased beyond

Dthe aforementioned value and cfeled for 2,000 times at _..

each load step, the observed failure 16ad was about the
same-as the static ultimate capacity.

-

.

(2) The dynamic load capacity of the expansion anchors,
under simulated seismic loading, was about the same as

'

I

their corresponding .tatic ultimmte capacities.

|

I' 4. Verify from existing QC documentation that design
requirements have been met for each anchor bolt in the
following areas:

(a) Cyclic loads have been considered (e.g., anchor bolt
.

preload is equal to or greater than bolt design load).
! In the case of the shell type, assure that it is not in

contact with the back of the support plate prior to i

preload testing. l

(b) Specified design size and type is correctly installed
(e.g., proper embedment depth)..

.

e
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- If' sufficient documentation does not exist, than initiate a
'

testing program that will assure that minimum design.
.",.

-

requirements-have been met.with respect to sub-items (a) and'
( b) ; ~above . A sampling techniqua.is acceptable. One
acceptable technique is to randomly select and test one
anchor. bolt in each base plate (i.e., some supports may have.
more than one base plate). The_ test should provide
. verification of sub-items (a) and (b) above. If the test
fails, all other bolts on that base plate should be
similarly_ tested. In any event, the test program ~should '

. assure that each Seismic Category I system will perform its
intended function.

- Response
.

Philadelphia Electric Company has completed a testing and
inspection program on all Seismic Category I piping system
support expansion bolts at the Peach Bottom Atomic Power
Station.- Excluded from the testing and inspection program
are those supports which re-analysis has indicated that,
under design loading conditions including safe Shutdown
Earthquake (Maximum Credible Earthquake), no tensile loads '

are present in the expansion bolts. -

,

The testing and inspection program for supports of large
piping included:

a) verification that installed anchor is the proper
,

: diameter and an acceptable type. Where inspection shows
'

;

that anchors of a smaller diameter than specified have
been installed, an engineering analysis was made to
determine acceptability of the installed bolts. If
required by the analysis, the existing bolts were
replaced with wedge type bolts of adequate diameter.

b) Verification of embodment depth of shell type anchors by
observing whether the shell projected beyond the
concrete surface. Shell type anchors projecting more
than'1/8" beyond the concrete surface were replaced with
wedge type anchc., where engineering analysis, |
considering-that bolt inactive, indicated a bolt factor
of safety of the remaining bolts to be less than that'

required by the Bulletin. Embedment depth of wedge type
anchors was verified by ultrasonically measuring the i

3 length of the ' bolt, and thus determining the .embedment I

depth.
,

.

P
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c)- verification of thread engagement by physical |
measurement. Bolts having' inadequate thread engagement
were replaced as required with bolts of sufficient
length to provide adequate thread engagement.

d) -Review of plate bolt hole sizes to assure adequate shear
transfer to the bolts. Where oversized holes were
found, plate washers with.a nominal (1/16" oversized)
hole were installed, and welded to the base plate after
the bo*t--had been properly torqued.

.e) Measurement and comparison of bolt spacing with the-
design drawing. Where bolt spacing differed from the
design drawing, that base plate was subject to an
engineering review for structural adequacy, and if
required, modifications were made to rectify any.
deficiencies. Actual bolt spacing was also taker. into.

account in determining the allowable bolt load.

f) Torque testing with the resultant preload equal to or
greater than the bolt design load, demonstrates adequate
anchorage, sufficient expansion of the shell, and the
capability of the anchorage to safely withstand the

,

design bolt load.

' Where pipe support base plates were grouted in place, grout
was removed as required to determine whether leveling nuts
were used under the plate. If levelling nuts were found,
the nuts were backed off to provide clearance between the
plate and the nut prior to torque testing of the anchor.
Shims were placed under the plate to prevent bending of the
base plate during the torque test.

,
.

Pre-load in the anchor bolts has been verified by the
' application of a specified torque. Attainment cf the .

!-

'specified tcrque has verified that the bolt pre-load exceeds
the bolt design load. Torque testing was done on at least i

one bolt in each base plate. When the specified torque was |
1 not attained in the bolt tested, that bolt was torqued to !

the specified value, and the remaining bolts in the base,

plate were tested in a similar manner. To assure validity
of the torque. test on shell type anchors, it was first
verified that shell to base plate contact did not exist.

The specified test torque values were developed by Bechtel
; Power Corporation and it was estimated they represented a

,

-
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bolt tension'(pre-load) not less than 25% of the
manufacturer's published ultimate load. To confirm that
estimated pre-load, site specific torque / tension
relationships were developed for both wedge and and shell
type anchors. Results of these site specific tests indicate

4

the following:

For wedge type anchors, the applied torque resulted ina.
bolt tensions (pre-load) ranging from 36% to 45% of the
manufacturer's published ultimate loads. This
corresponds - to bolt pre-loads ranging from 135% to 170%
of the allowable bolt loads,. based on the safety factor
requirements of the Bulletin.

b. For shel1 type anchors, the applied torque resulted in
~

bolt tensions (pre-load) ranging from 22% to 26% of the
manufacturer's published ultimate loads. This
corresponds to bolt pre-load ranging from 120% to 143%
of the allevable bolt loads, based on the safety factor
requirements of the Bulletin.

. To further demonstrate the conservativeness of the testing.
program, bolt design loads were determined by re-analysis.'
Based on a review of 867 pipe supports, the bolt design
loads were compared to the allowable bolt load (Ta). The
following tabulation summarizes the results of this review,
and states the percentage'of supports in which the bolt
'asign load is less than a given percentage of the allowable
-~1t load (Ta):

Bolt No. of Less Than Less Than Less Than Less Than
Diameter Supports 20% Ta 40% Ta 60% Ta 80% Ta 1

1/2" 401 54% 81% 93% 98%

5/8" 195 46% 71% 84% 93%
.

3/4" 151 58% 70% 34% 97%

7/8" 120 35% 45% 70% 93% |

The above tabulaticn is based on shell type anchors which
were used extensively at the Peach Bottom Atomic Power
Station. Tne allowable bolt load (Ta) is 20% of the
manufacturer's published ultimate load.

.
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For Peach Bottom' Atomic Power Station, Seismic Category I !
piping 2-1/2 inch and larger in diameter is considered large
fpiping. Soismic Category I piping systems 2" and smaller in

~

diameter ara considered small piping, and were chart ,

'

analyzed using.the rigid range technique for both the piping
and the supports. Guides and supports are spaced to ensure
that there are no natural frequencies below the rigid range

-

~in the piping system. The Final Safety Analysis Report for
Peach Bottom indicates that the maximum floor accelerations
during a Safe Shutdown Earthquake (Maximum Credible
Earthquake) at the site may range from 0.39g to 0.12g,
depending on location in the plant. Design loading for the
piping system includes pipe weight, fluid weight and
insulation, with a conservative value of 0.5g applied - for
' seismic acceleration. A review of loads on supports for
piping 1" and smaller in diameter indicates these loads to
be sof small magnitude, and the resulting bolt design loads
are considered conservative enough to warrant limiting
testing and inspection to small piping 1-1/2" and 2" in
diameter. Based on the conservativeness of the chart
analysis as described above, testing and inspection of
concreta expansion bolts for small pipe supports has been
done on a sampling basic.

Prior to--actual testing of concrete expansion bolts on small
pipe supports, a 100% visual inspection was made on Units 2
and 3 covering about 300 supports on each unit. This
inspection verified that the supports were installed as

,

indicated on "As-Built Field Sketches (FSK's), and that the
supports were serviceable, i.e., no evidence of bolt
pullout, base plates tight against concreto, etc. On a
random basis, during the visual inspection, supports were
checked for tightness and operability by exerting a force on

. the support (s).' None were found to be loose during this
i random check. During the visual inspection, hangers were

identified and tagged for subsequent testing and inspection
for adequacy of bolt installation. A total of 10% of the
supports for each piping system wers thus identified for<

testing.

| The parameters ine'.uded in the testing of expansion anchors
for supports for large piping were also considered in the

. testing and inspection requirements for supports of small
l' piping. Since the testing was done on a sampling basis,

where an inspection criteria failure was encountered on a
support in a system, that failure was rectified as required,
i.e., replacement of bolt for proper thread engagement,
replacement ~of a failed shell with a wedge type anchor, etc.
When an inspection criteria failure occurred, it was
required that twc additional supports on the same system be

.

.
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subjected to testing. This two-for-one addition to the
testing scope was followed until no additional failures
occurred.

5. Determine the extent Ehat expansion anchor bolts were used
in concrete block (masonry) walls to attach piping supports'

in Seismic Category I systems (or safety related systems as
defined byf Revision 1 of IE Bulletin No. 79-02) . If
expansion anchor bolts were used in concrete block walls:

a. Provide a list of the systems involved, with the number .
of supports, type of anchor bolt, line size, and whether
these supports are accessible during normal plant
operation.

b. Describe in detail any design gpnside. ration used to
account for this type of installation.-

c. Provide a detailed evaluation of the capability of the
supports, including the anchor bolts, and block wall to

, meet the design loads. The evaluation must describe how
the allowable loads on anchor bolts in concrete block
walls were determined and also what analytical method
was used to determine the integrity of the block walls-

under the imposed loads. Also describe the acceptance
criteria, including the numerical values, used to
perform this evaluation. Review the deficiencies
identified in the I. formation Notice on the pipe
supports and walls at Trojan to determine if a similar
situation exists at your facility with regard to
supports using anchor bolts in concrete block walls,

d. Describe the results of testing of anchor bolts in
concrete block walls and your plans and schedule for any
further action.

I

Response

Field inspections and review of as-built drawings have
confirmed that there are no Seismic Category I large piping
supports located on concrete block walls. The following
Seismic Category I small piping is supported from concrete
block walls:

.
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: System No. of Supports . Pipe' Size

' Unit 2- RER- 14 2"
,

Unit 2 RER 3- 1"
Unit 3 RHR' 16 2"
Unit 3 RER- 3 1"

!

No special design considerations _were taken into . account for
this type of installation because of the conservativeness of
the chart analysis of the piping system, and the low

'

! magnitude of loading on the cupports.

In the design of the piping systems, the support spacing was
limited to 11'-3" for 2" pipe, and 8'-6" for 1" pipe. The-

maximum loading applied to the supports, including the
weight of pipe filled with water, insulation, and 0.5g
seismic acceleration, amounted to 1459 and 55#, respectively
for tbo 2" and 1" pipes. The 2" . RER piping is located 6"
from the face of the concrete block wall from which it is
supported. Analysis of these supports indicates a maximum

-bolt tension of 2409 and maximum bolt shear of 73# under thei' .

above loading: conditions. The testing and inspection
program for small piping did not differentiate between
installations on concrete walls and those on concrete block
walls. All were visually inspe,cted, and testing was done as
described'b1 the response to 4 above.

.

A total of 8 supports for the 2" line were tested, and +.te
expansion bolts met the requirements of J.s test program.
The pre-load resulting from the applied test torque exceeds
the bolt design load.

The concrete block walls that support small piping were
structurally analyzed under the effocts of a Safe Shutdown
Earthquake (Maximum Credible Earthquake), including the
effects of small piping. This analysis showed that the
expansion bolts utilized to secure the concrete block wall
to the adjacent reinforced concrete had, in some cases, a :

safety factor in excess of 2, but less than that required by |

the Bulletin. The condition occurred at 4 concrete block
'

walls. Modifications have been made to these walls and the
bolt safety factors now meet the requirements of the
Bulletin. This matter has been report 3d in LER 2-79-52/1T,<

dated December 11, 1979. The working stress method of the
Uniform Building Code - 1967 Edition was used for the
analysis of concrete block walls. At the Peach Bottom ,

Atomic Power Station, concrete ') lock walls are utilized only |
|

for shielding purposes, and not as shear walls.
i

.

5
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As previously described, 8 supports for the 2" RHR piping
system were tested and inspected in accordance with our
expansion bolt test program. All of the expansion anchors
successfully met the torque test requirements. Where less

'
than required thread engagement was found, these bolts were
replaced with bolte of sufficient length to provide the
required thread engagement. The testing and inspection
program has been completed on a sampling basis, . and based on
tha low magnitude of loading under Safe Shutdown Earthquake
(Maximum Credible Earthquake) conditions, no further action
is considered necessary.

6. Determ Ane the extent that pipe supports with expansion
anchor bolts used structural steel shapes instead of base
platen. The systems nnd lines. reviewed must be consistent
with ';he criteria of IE Bulletin No. 79-02, Revision 1. If
expansion anchor bolts were used as described above, verify

^
that the anchor bolt and structural steel shapea in these
supports were included in the actions performed for the
Lulletin.

.

Response

Pipe Suoports with expansion anchor bolts that use
structural steel shapes instead of base plates were included
in the analytical work required by the Bulletin, and were
included in our response to Revision 1 of the Bulletin.

7. For those licensees that have had no extended outages to
perform the testing of the inaccessible anchor bolts, the
testing of anchor bolts in accessible areas is expected to
be completed by November 15, 1979. The testing of the
inaccessible anchor bolts sbould be completed by the next
extended outage. For those licensess that have completed
the anchor bolt testing in inaccessible areas, the testing
in accessible areas should continue as rapidly as possible,
but no longer than March 1, 1980. The analysis for the
Bulletin items covering base plate flexibility and factors
of safety should be completed by November 15, 1979. Provide
a schedule that details the completion dates for IE Bulletin
79-02, Revision 2, items 1, 2 and 4.

,
-
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Response

The analytical work and - a verification et bolt safety
factors as required by items 1 and 2 of the Bulletin were
completed prior to November 15, 1979.

The testing required by item 4 of the Bulletin was completed
on the Unit 3 large pipe supports on November 3, 1979, at
the end of the Unit 3 refueling outage. Testing of the Unit
2 accessible pipe support anchor bolts was completed on
December 31, 1979. Some testing of pipe support anchor
bolts in Unit 2 inaccessible areas was done during a shord
duration outage in January, 1980, and the remaining
inacccasible pipe support anchor bolts were tested during

- the refueling outage which started March 22, 1980.

During' the fiell verification work as required by IE
Bulletin 79-14, pipe supports for large pipes were found
that were not shown on as-built drawings. Also, we became
aware of additional. pipe supports which utilize structural
shapes, and had not been included in our original scope of
work. These pipe supports have been incorporated into the
testing program for expansion bolts, have been tested and
inspected in accordance with established procedures, and all
necessary re-work has been completel.

Testing required for small (2" and smaller) pipe support
anchor bolts was completed for Unit 3 by December 15, 1979,
and for Unit 2 by January 1, 1980.

As stated in the Response to 2 above, it was necessary to
install additional pipe supports at both Units in order to
relieve loads or existing pipe supports that could not be
effectively reinforced by modifications. The installation
of required gew supports was completed on January 9,1980,
en Unit 3, and on February 16, 1980, on Unit 2.

In summary, the testing and inspection program that has
been completed, together with the modifications to existing
supports, and the installation of new supports, assures the
adequacy of the supports to sustain the loadings imposed under
the combined effects of operating loads and the Safe Shutdown
Earthquake (Maximum Credible Earthquake). During these efforts,
the safety and operability of the seismic Category I piping
systems was at no time compromised while the units were

d
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operating. The program has verified that an acceptable level of
pre-load is present in the expansion' bolts'. Improperly installed
bolts have been. replaced where necessary to assure adequate
support, or the remaining acceptable bolts have been demonstrated
by engineering analysis to be adequate to sustain design loading.

Should you have any questions or require additional
*

information, please do not hesitate to contact us.

Very truly ours,

|Aw,,(,

cc: United States N,. clear Regulatory Commission
Office of Inspection and Enforcement
Division of Reactor Operations Inspection a

Washington, DC 20555 .
~
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