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Division of Engineering

Terence L.
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FROM: John R. Fair, Sr. Mechanical Engineer
Piping and Pipe Support Section
Mechanical Engineering Branch

SUBJECT: REPORT OF THE DECEMBER 13-15, 1993, U-BOLT AUDIT AT WATTS
BAR (TAC NO. M79718)

A site audit of TVA's October 25, 1993, submittal, regarding the U-bolt pipe
clamp issue was performed December 13-15, 1993. The audit team included
J. Fair and T. Chan, with assistance from L. Raghaven from the project staff.
The U-bolt pipe clamp issue had been identified during the Integrated Design
Inspection at Watts Bar. EMEB issued a Safety Evaluation (SE) on
September 13, 1993, which found that the applicant had not provided sufficient
justification to demonstrate that the U-bolt pipe clamps used at Watts Bar
were acceptable. The applicant's October 25, 1993, submittal, provided
additional information to address the staff's concerns.

The issues related to the use of U-bolt pipe clamps at Watts Bar have
subsequently been resolved. The resolution is documented in a SE transmitted
to TVA by a March 1, 1994, letter. The purpose of the enclosed audit summary
is to document the results of the EMEB audit. The audit summary also
discusses the final resolution of the items that were not resolved during the
audit.
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WATTS BAR U-BOLT PIPE CLAMP AUDIT
DECEMBER 13-15, 1993

1.0 PURPOSE

In a September 13, 1993, letter, the staff issued a safety evaluation
(SE) concerning the U-bolt pipe clamp issue that was identified during
the Integrated Design Inspection at Watts Bar (Inspection Report 50-
390/92-201). TVA provided a response to the concerns identified in the
staff's SE in an October 25, 1993, submittal. The purpose of this audit
was to review the documentation related to the use of U-bolt pipe clamps
at Watts Bar as described in the TVA correspondence.

2.0 AREAS OF REVIEW

The areas to be reviewed during the audit were identified in a
November 27, 1993, letter to TVA. These areas included the following:

a. Deflection Criteria
b. Applicability of test results to fittings
c. Walkdown of selected supports
d. ASME Code compliance of local bearing stress calculation
e. Westinghouse test results

3.0 RESULTS

a. Deflection Criteria

The staff had questioned whether the calculated local pipe wall
deflections at the U-bolt pipe clamp locations would exceed the FSAR
criteria for allowable support deflections. TVA, in a November 4,
1993, internal memo (RIMS No. T30 931105 875) identified that the
calculated local deflections at the U-bolt pipe supports would
exceed the Watts Bar FSAR deflection criteria at approximately 74
support locations. According to TVA, these local deflections were
based on the pipe wall stiffness only. A more detailed calculation
of the entire joint stiffness would result in lower calculated local
deflections. Although the staff agreed with this statement, a more
detailed evaluation would still result in the FSAR deflection
criteria being exceeded at many support locations.

TVA's October 25, 1993, submittal, stated that the Belleville washer
stiffness had a negligible effect on the stiffness of the U-bolt
assembly under seismic compressive loads. TVA provided a
calculation performed by Robert L. Cloud & Associates (RLCA) (RIMS
No. T30 93209 887) in support of its statement. However, the staff
review of this calculation found that it did not address the impact
of the Belleville washer stiffness seismic compressive loads. The
calculation addressed the impact of the Belleville washer collar
stiffness which would not be loaded when the Belleville washer
extended under compressive loads.

In its February 2, 1994, submittal, TVA committed to replace or
modify all supports where the FSAR local deflection criteria is
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exceeded. The calculated deflections included the effect of the
Belleville washers. This commitment adequately addressed the staff
concerns regarding local deflection and stiffness calculations.

b. Applicability of Test Results to Fittings

TVA performed a study analysis to assess the impact that a change in
elbow stiffness would have on a piping system. For this study, TVA
used the stiffness of a flanged elbow to simulate the stiffening
effect of the U-bolt clamp. The results showed that the piping
system saw both load increases and load decreases at various
locations in the piping run. The staff questioned the basis for
using the flanged elbow stiffness for simulating the effect of the
U-bolt pipe clamp on an elbow. The staff did not consider this
sample study as an adequate demonstration of the acceptability of U-
bolt pipe clamps on fittings.

The staff also reviewed the basis for the intensified moments that
were reported in Table 1 of the October 25, 1993, submittal. The
staff was concerned that these results were different than the data
previously presented in the April 8, 1993, submittal. Based on
discussions with TVA representatives, the intensified moments shown
in the Table 1 of the October submittal are based on a curve fit
through the moments used in the finite element analyses for the pipe
sizes analyzed. This methodology is questionable since it bases the
allowable on an interpolated moment instead of using a direct stress
comparison from the finite element results. The staff had reviewed
the pipe stresses in finite element model to verify that these
stresses bounded the pipe stresses at the Watts Bar U-bolt support
locations The piping identified in the April 8, 1993, submittal,
for which this was a potential concern was primarily associated with
fittings and larger pipe sizes.

In its February 2, 1994, submittal, TVA proposed to replace the U-
bolts on all fittings other than straight pipe. In addition, TVA
committed to modify or replace all U-bolt support designs on pipe
sizes greater than eight inches in diameter. These commitments
adequately addressed the staff concerns regarding local stresses and
the use of U-bolts on fittings.

c. Walkdown of Selected Supports

The staff questioned whether the U-bolt pipe clamp supports could be
replaced by standard support designs. TVA performed a walkthrough
of all U-bolt pipe clamp supports and reported the results in a
December 6, 1993, internal memo (RIMS T30 931208 885). According to
TVA, this review identified that approximately 30 percent of the
supports could be replaced by standard component support designs.
During the audit the staff performed general plant area walkthroughs
to review U-bolt pipe clamp locations. Based on these walkthroughs,
the staff agreed with TVA's assessment.
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d. ASME Code Compliance

The October 25, 1993, submittal, contained the statement that the
local bearing load evaluation meets the ASME Code criteria. Since
the Code does not provide specific criteria for evaluating local
bearing stresses at the support attachment for ASME Class 2 and 3
piping, TVA used criteria specified for ASME Class 1 piping to
develop the criteria for the U-bolt clamp assemblies. TVA provided
a discussion of its interpretation of various code paragraphs which
led to the conclusion that the local bearing load evaluation met the
ASME Code criteria. The staff did not identify any concerns
regarding the ASME Code criteria that was used in the local stress
evaluation.

e. Westinghouse Test Results

TVA showed a video tape of the Westinghouse seismic test. According
to TVA, this test provided a positive demonstration of the adequacy
of the U-bolt pipe clamp supports to function during seismic loads.
The staff still believed that this one test was not an adequate
demonstration of stability for all the U-bolt pipe clamp supports at
Watts Bar.

In its February 2, 1994, submittal, TVA proposed to modify or
replace all U-bolt support designs on pipe sizes greater than eight
inches in diameter to address the concern regarding general support
stability. This proposal was considered adequate to address the
issue of sufficient testing to demonstrate stability since the staff
concern involved the stability of the larger pipe sizes.

f. U-bolt Pipe Clamps on ASME Class 1 Piping

During the audit TVA identified that U-bolt pipe clamps had been
used on ASME Class 1 piping systems. The following documents were
provided by TVA to demonstrate the adequacy of the Class I piping
design at the U-bolt locations.

1. WCAP-1067, "Comanche Peak Steam Electric Station U-Bolt
Finite Element Analysis" July 26, 1984, Section 7

2. Westinghouse letter WAT-D-9214 to W.L.Elliott (TVA) from
J.W.Irons (W), "Tennessee Valley Authority, Watts Bar
Nuclear Plant Units 1 and 2, Effect of Fast Cooling on U-
Bolts on Class 1 Lines" dated Feb. 23, 1993 (TVA RIMS No.
T33 930304971)

The staff review concluded that the documents provided by TVA did
not adequately address: a) the stability and b) piping stresses
under operating transients involving pressure and temperature
changes.
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In its February 2, 1994, submittal, TVA agreed to remove the U-bolt
pipe clamps from ASME Class 1 piping. This resolved the staff
concern.

4.0 MEETINGS

TVA provided a presentation to the staff regarding the U-bolt issues at Watts
Bar on December 13, 1993. A copy of the presentation handouts are contained
in Attachment 1. TVA also provided a written response to the issues planned
for review during the audit. A copy of this response is contained in
Attachment 2. An exit meeting was conducted on December 15, 1993. A list of
the Meeting attendees is contained in Attachment 3.
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PURPOSE

* PROVIDE BACKGROUND

* RESPOND TO OUTSTANDING QUESTIONS

* ENSURE COMMON UNDERSTANDING OF OCTOBER 25, 1993, SUBMITTAL

* PROVIDE ADDITIONAL INFORMATION AS REQUESTED

* FOCUS ON ANY REMAINING TECHNICAL ISSUES

* REACH CLOSURE



ISSUE BACKGROUND

1984 * COMANCHE PEAK U-BOLT CINCHING ISSUE

1985 * PIR WRITTEN AT WBN ON U-BOLT APPLICATIONS ON TRAPEZE
SUPPORTS

- FOLLOW-UP TVA CALCULATION ENDORSED G-53 SPECIFICATION
TORQUE

1987 * WBN-HAAUP PROGRAM IDENTIFIED

- U-BOLT W/TRAPEZE SUPPORT STABILITY WAS IDENTIFIED

- DUKE POWER/CLOUD CALCULATIONS INDEPENDENTLY
CONCLUDED G-53 SPECIFICATION VALUES ACCEPTABLE FOR
STABILITY

1989 0 WBN-ENGINEERING REVERIFICATION OF ALL LARGE BORE
& SUPPORTS

1990 FOR SOME SUPPORTS, RECALCULATED MIN. TORQUE
VALUES LOWER THAN SPEC G-53 VALUES.

1990 * WRC BULLETIN 353 ISSUED

1992 * WBN IDI INSPECTIONS

- U-BOLTS TRAPEZE ROTATED UNDER PERSONNEL WEIGHT

- 1990 CALCULATION ESTABLISHING TORQUE FOUND TO BE IN
ERROR

- CORRECT TORQUE WOULD HAVE PREVENTED ROTATION
(DEMONSTRATED BY HELD TEST DURING IDI)

1993 * FOUR INFORMATION SUBMITTALS FORWARDED IN RESPONSE TO
NRC QUESTIONS

- TWO TECHNICAL MEETINGS



DEVELOPMENT OF U-BOLT
ENGINEERING METHODOLOGY

* EXPERIMENTAL RESEARCH AND TESTS

Goal: Establish basic physical behavior of U-Bolt pipe supports

- Extensive static testing characterizing response attributes

- Full-scale dynamic testing for seismic simulation

- Factual understanding of U-Bolt characteristics established by actual test results.

* Friction Factors

* Thermal Cycling

* Creep

* Normal Vibration

- Field in situ test of 12 supports



DEVELOPMENT OF U-BOLT
ENGINEERING METHODOLOGY

* ANALYTICAL RESEARCH

Goals:

- Develop qualitative understanding of U-Bolt physical behavior

- Reconcile experimental results and analytical data

- Establish ability to make correct analytical predictions for

* Maximum support capacity

* U-Bolt stress relaxation

* U-Bolt long term load retention capability

* U-Bolt support dynamic stability



ANALYSIS OF PIPE LIMIT LOAD

* ELASTIC-PLASTIC MODELS:

- Detailed Representation in Support Region

- Full Pipe Spans Included to Represent General Piping Loads Causing Global
Pipe Bending Moments and Stresses

* LOCAL PIPE LIMIT LOADS DETERMINED PER ASME 111 NB-3228

- Representative Pipe Sizes

- Varying Pipe Wall Thickness and Support Width

- Pipe Span Lengths Consistent with Standard Practice

- Pipe General Membrane Stresses Included by Method of Load Application



CONTROLLING ALLOWABLES

APPLIED LOAD Fp = ORIGINAL PIPE LOADING PLUS EFFECTS OF
U-BOLTS (PRESSURE, TEMPERATURE, STRUT TENSION)
AND SELF WEIGHT EXCITATION.

Pc = ASME LIMIT LOAD ALLOWABLE (% COLLAPSE LOAD)

CRITICAL ELEMENT CONTROLLING EQUATION (CODE)

PIPE Fp< 2/3 Pc (ASME)
U-BOLT Fp< F(PA) (AISC)

I CROSS PIECE Fp< F (0.6Fy) (AISC)



PROGRAM SUMMARY

* U-Bolt engineering methodology has been developed

- Based upon an experimental program

- Experiments were conducted to measure significant aspects of
U-Bolt behavior

- Analytical research led to methods that predict U-Bolt response

* A design procedure was developed based on the above methodology

* A design enhancement was developed to further assure long term U-Bolt
stability

* Each U-Bolt pipe support was individually evaluated, modified if necessary,
er.hanced and pre-tensioned

* Confirmation stability tests were conducted on a sample of the U-Bolt supports
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U-BOLT ENGINEERING
AND CONSTRUCTION PROGRAM

IMPLEMENTATION AT WBN

DESIGN

Analyze each
U-bolt support

Complete Design
Documentation for |

Each U-bolt Support|

I

| Design
I Comnplete

Il

TI

Go to
Construction

I



U-BOLT ENGINEERINTG
AND CONSTRUCTION PROGRAM

IMPLEMENTATION AT WBN

CONSTRUCTION

Yes

I No

Procure Belleville
I Spring Stacks

* I

I Test Each Bellevilie
Spring Stack - Confirm !

I Spring Constant i

i

lInstall Belleville Spring
|Stack - Tension U-bolts |

I
I Complete QC/QA Requirements I

L$
l

Construction Complete I

T

Go to Test

,



U-BOLT ENGINEERING
AND CONSTRUCTION PROGRAM

IMPLEMENTATION AT WBN

TESTING

|construction

Select 12 Representative
U-bolt Supports

: Establish Stability Test
Requirements and Procedures

Perform Stability
Tests

No

Yes

Document
Tests

I

Proaram I
ComDlete I
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KEY POINTS ON OUTSTANDING QUESTIONS

November 24, 1993 NRC letter

Deflection Criteria

L.A Local Deformation Evaluation

- Pipe Wall Deflection Tabulated and Reviewed in August 1993

- Local Deformation Evaluation Part of Pc Determination

I.B Belleville Washer Stiffness Effects

- Calculation Performed, Issued

Application of Test Results to Fittings

I.A Elbows' Ovalization Effect

- Not part of initial evaluation.

- Current Evaluation

* Margins reviewed on U-Bolts at elbows

* Changes in flexibility factors on stress analysis reviewed

ll1.B Explanation of Table 1

- Differences in moments for 6-inch diameter identified and discussed in
response

- Additional evaluations confirmed conservatism (used actual support
widths, pipe thickness)



General Areas of Review

M.A Use of U-Bolts in Limited Space

- Those examples submitted could not be replaced with standard clamps

- Walkdown of U-Bolt supports show about two-thirds could not use other
designs

l.B ASMIE Code Compliance

- Code sections invoked are referenced in response

m.C Seismic Test Evaluations

- Support able to resist design loads in Post Test Position

- Test severe in terms of load and duration



SIDE VIEVI Test Specimen:

10 Inch Sch40 Stainless Steel.

Length = 10 Feet
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Seismic Loading Simulation Test
* .Envelope of Load Amplitude

(Westinghouse 1984)
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I. Deflection Criteria

A. The October 25, 1993 submittal states that local deformation was
evaluated for each U-Bolt location. The staff would like to review
these evaluations.

TVA Response 9V4 5U

TVA has assessed local pipe deflection values in two contexts. First, we
g established a methodology in the Fall of 1992 to assess the ASME Limit Load

-(c) for each support. This methodology was the basis for the discussion in
the October 25, 1993 submittal. In addition, in response to Staff inquiries,
we had previously tabulated, for information purposes, local pipe wall
deflections. We discuss both of these below.

First, as discussed briefly in the August 3 meeting in White Flint, in
response to NRC Staff inquiries TVA Engineering tabulated specific local pipe
wall deflections based on strut loads on a U-Bolt by U-Bolt basis. This
tabulation was generated in August 1993, prior to the August meeting. These
deflections were tabulated for information purposes. They were not part of
TVA's formal evaluation process. TVA subsequently revised and updated those
deflections, again for information purposes, on November 4, 1993
(T30 931105 875).

Second, the local deformation referenced in the October 25, 1993 submittal
was related to the ASME Limit Load (collapse load) PC determination which was
checked at each pipe location. The Design Methodology used by Engineering
ensures that maximum load in the piping from all loading conditions in no
case exceeds two-thirds of the limit load established for that particular
pipe size/pipe wall combination. First, the ASME Limit Load (collapse load)
PC is determined for each support. The allowable maximum force on the pipe
is limited to 2/3 PC. PC is calculated based on force/deflection curves
derived from Elasto-Plastic Finite element analysis of the pipe/crosspiece
interface under incrementally increasing strut loads. Therefore, at each
U-Bolt support, pipe deformation is limited to the deflection associated with
2/3 of the limit load.

The deformation/deflection issue was further reviewed in R. L. Cloud's
report, "Cinched, Single-Strut U-Bolt Supports - Design Review, Application
Procedure, end Acceptance Criteria" dated September 1986. In addition, the
piping stiffness is considered as part of the overall composite stiffness
from the U-Bolt, cross member and pipe. Inclusion of the piping stiffness
accounts for local piping deformations to insure that pipe wall local
deflection will not cause U-Bolt preload to be reduced below the preload
required for stability.

1



I. Deflection Criteria (continued)

B. The October 25, 1993 submittal states that the Belleville washer
stiffness has negligible effect on the overall stiffness of the pipe
U-bolt assembly under seismic compressive loads (Page E2-2). The staff
would like to review the evaluation that led to this conclusion.

TVA Response:

The logic for local stiffness is outlined on Page E2-2 of the October 25,
1993 submittal. This logic is supplemented by a separate calculation
(RCCA P203-02-04/004) initially performed in September 1993 (verified in
November 1993) which concludes that the Belleville washers have a negligible
effect (<3%) on overall support stiffness. This is based on accepted
industry practice of support stiffness evaluations neglecting pipe wall
flexibility.

2



'Ii. Applicability of Test Results to Fittings

A. Enclosure 2 of the October 25, 1993 submittal discussed the
applicability of the testing and analyses performed on straight pipe to
other fittings, such as elbows. The submittal states that the U-Bolts
suppress ovalization of elbows and, therefore, the stresses in the
elbow due to bending would be similar to that of straight pipe. The
staff would like to review TVA's evaluation of the loads imposed on the
U-Bolt due to the suppression of the ovalization of the elbow. The
staff would also like to review TVA's evaluation of the pipe analysis
for the effect of the suppression of the elbow ovalization.

TVA Response

TVA did not evaluate these specific effects for each U-Bolt in its
initial evaluations. However, as discussed below, the effects were
generally considered and are inherently accounted for in U-Bolt support
designs.

An elbow subjected to in-plane and out-of plane bending moments
responds by ovalizing. This ovalization is maximum at the center of
the elbow (i.e., at 45 degrees in a 90 degree elbow), and is the basis
for the stress intensification factors (i), the stress indices in
NB-3600 (C2) and the flexibility factors (k). The ovalization produces
maximum stresses at the side of the elbow. The stresses are classified
as hoop bending stresses resulting in essentially thru wall bending
with no membrane stresses. The stress on the outside surface is
tensile and on the inside surface is compressive. Any reduction in
ovalization of the elbow reduces these stresses. The U-Bolt will
reduce ovalization because of the increased stiffness of the U-Bolt.
That is, to develop in the elbow the unrestrained ovalized shape, the
U-Bolt must take the same shape as the elbow.

At the same time, the U-bolt restrains the free deformation of the
pressure boundary due to internal pressure. This restraint reduces the
hoop stress and increases the axial stress. However, the axial stress
is also a discontinuity stress resulting in thru wall bending with no
membrane stresses.

Using simple shell theory, the elbow will respond very much like a
straight piece of pipe since the maximum effect of the U-Bolt in
producing restraint of radial deflection due to internal pressure will
also result in restraint of radial deflection due to ovalization
effects. That is, with the U-Bolt providing full restraint, the
ovalization stresses due to moments are zero and the discontinuity
stresses due to internal pressure are maximum, which is the straight
pipe case. With the U-Bolt providing no restraint, the discontinuity
stresses due to internal pressure are zero, which is the elbow case.
The real answer, represented by the WBN analysis, is somewhere between
these bounding cases.

It is important to note that both effects, ovalization and radial
restraint, are secondary stresses which are of concern from a fatigue
standpoint only. Concerns with elbow collapse are related to the
stresses at the crown of the elbow, 90 degrees from the maximum stress

3



Ii. Applicability of Test Results to Fittings (continued)

location. At this location in the elbow the stress due to bending
moments is an axial stress with a membrane stress that is close to the
maximum. This, of course, is identical to the case for a straight
pipe. However, the stress at this location in an elbow is higher than
that for a straight pipe and is approximately 2/3 the stress on the
side of the elbow. However, the pressure stress at this location is
less than it is in the straight pipe.

Just as at the side of the elbow, any reduction in ovalization effects
tends to make the response of the crown of the elbow to bending much
like that for a straight pipe. It is well documented that internal
pressure in an elbow reduces the stresses due to bending moments
because it reduces the ovalization effects. Figure NC-3673.2(b)-l Note
(3) indicates that flanges attached to one or both ends of an elbow
reduces the stress in an elbow due to bending moments. This is due to
the fact that the flanges reduce ovalization effects. The U-Bolt, as
previously discussed, also reduces ovalization effects.

The ovalization in a piping elbow is primarily caused by in-plane
bending moments at the location of the pipe elbow. In terms of
accommodating seismic thermal and dead weight loading from the piping
at the U-Bolt location, ovalization effects are a second order effect
not explicitly addressed in each support specific evaluation. However,
this effect has been considered in the conservatism and design factor
of 1.5 included in the development of the general methodology for
assuring stability without exceeding code allowable limit for the pipe,
crosspiece and U-Bolt.

Part of the inherent conservatism included in the general methodology
is clearly illustrated by the Table 1 (October 25, 1993 submittal)
comparisons which also used conservative approaches to intensify the
in-plane bending moments. This table shows there is 32% margin to
accommodate ovalization effects for the worst U-Bolt case located on an
elbow. All others have approximately 50% margins or greater. These
margins are more than sufficient to cover the second order ovalization
phenomenon.

In conclusion, to determine the full effect of the U-Bolt in
applications on elbows, consideration of straight pipe effects is
appropriate since the U-Bolt effect on increasing stresses over non
U-Bolt locations is more pronounced in straight pipe.

4



'II - Applicability of Test Results to Fittings (continued)

B. The data in Table 1 of the October 25, 1993 submittal contains a
listing of intensified moments at the highest stressed locations. This
data was presented in a different format in Table II-1 of the April 8,
1993 submittal. The staff would like to review the basis for the data
in the current submittal.

TVA Response

To clarify the difference between the two tables, we note first the
bending moment at the limit load (Pr) for the seven cases shown in
Table II-1 of the April 8, 1993 submittal was derived from the generic
Finite Element Analyses (FEA), using conservative values of support
widths in comparison with typical support widths used at WBN.

In addition, the bending moment at the limit load (PC) for the value
used in the Table 1 comparison in the October 25, 1993 submittal is
based upon an appropriate curve of the seven generic FEA cases shown in
Table II-1 (April 8, 1993 submittal). The appropriate curve from the
conservative FEA results provides a conservative best estimate of
bending moments at PC for the specific WBN U-bolt cases addressed in
Table 1.

For example, the five 6-inch U-bolt supports referenced in the question
have support widths that vary from 3.2 to 10 inches. The generic FEA
case used a conservative 1.5 inch support width. Also the five 6-inch
U-bolts in Table 1 are located on schedule 80 pipes with a wall
thickness of 0.432 inch. The generic FEA case used a schedule 40 pipe
with a wall thickness of 0.28 inch.

Further, support width and pipe thickness differences between those
used in the generic FEA and WBN-specific values demonstrate that the
curve used is reasonable for defining the WBN-specific bending moment
values given in Table 1. Recently, this conclusion has been
reconfirmed by reanalyzing the FEA 6-inch pipe (case 0) of Table II-1
using a support width of 3 inches (lowest of the five cases shown in
Table 1) and a pipe thickness of 0.432 inch. The results show a
bending moment at PC of 32 ft-kips compared with 27 ft-kips from the
appropriate curve.

5
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III - General Areas of Review

A. The October 25, 1993 submittal states that U-Bolts were generally used
in areas where there was limited room for standard supports.
Nevertheless, some of the pipe support examples in the photographs
provided in the October 25, 1993 submittal appear to show sufficient
space for standard supports. The staff would like to verify that these
space limitations exist where the U-Bolts are used. The staff would
also like to randomly select and audit a sample of U-Bolt support
design packages.

TVA Response

As TVA previously indicated, the U-Bolt supports are used generally where
there was limited room for other support designs. With respect to the
referenced photographs (supports 47A427-5-23, 63-lSIS-R161, and 70-lCC-R731),
limited room would, in fact, prevent installation of standard supports in
those locations. Specifically:

47A427-5-23:

The support did not use a standard pipe clamp because this would create
a clearance violation with an existing tube steel beneath the supported
pipe.

63-1SIS-R161:

This support could not use a standard pipe clamp because the restraint
node point is the center of a 14" x 14" x 14" piping tee. The design
used two U-Bolts (one above and one below the tee) in order to create
a configuration which allows the support to function at the analyzed
node point and in the analyzed direction.

70-lCC-R731:

This support could not use a standard pipe clamp due to adjacent pipes
creating a physical obstruction.

Additionally, to generally assess U-Bolt applications, WBN informally walked
down 338 out of the total population of 345 U-Bolt supports. (The remaining
seven were either inaccessible for review or the piping and supports were not
installed.) These walkdowns were performed by experienced walkdown engineers
and pipe support engineers. The results of these walkdowns indicated that
126 of the U-Bolt supports (slightly more than one-third) could have been
designed using other standard types of supports within the space available.
(Other types of standard supports considered were: three bolt clamps, yoke
type stiff clamps, or box frames.)

6



' III - General Areas of Review (continued)

B. The October 25, 1993 submittal states that the local bearing load
evaluation meets ASME Code requirements. This statement is based on
the ASME Code sections referenced on Page El-16. The staff would like
to review TVA's evaluation of the ASME Code criteria.

TVA Response

The following code excerpts outline the TVA position on ASME Code compliance
with regard to U-Bolt Methodology at WBN.

* NC-3600 Piping Design. This Paragraph governs the design and
analysis of Class 2 piping at WBN.

NC-3613.3 Mechanical Strength. This Paragraph, in part, requires
evaluation of wall thickness adequacy," when necessary to
prevent damage, collapse, or buckling of pipe due to
superimposed loads from supports or other causes..."
Specific methods to be used for such evaluations are,
however, not prescribed.

NC-1100(C) Scope of subsection NC. In situations "where complete
details are not provided," this Paragraph provides for the
use of design methods which result in" ... details of
construction which will be consistent with those provided
by the rules of this Subsection" (We note that NCA-9000
defines "construction" to include "design".) In the
absence of specific methodology guidance in NC, relevant to
the current application, this Paragraph provides the
latitude for selecting appropriate methods on a rational,
engineering basis. The provisions in NB-3228 for Plastic
Analysis have been selected as the most appropriate and
rational for prevention of local pipe damage in the
vicinity of cinched U-Bolts, consistent with the rules in
Paragraph NC-3613.3.

NB-3228.1 Plastic Analysis. (Other relevant provisions - portions of
NB-3200 [Design by Analysis], in particular NB-3220 [Stress
Limits], NB-3222 [Normal Conditions], and NB-3225 [Faulted
Conditions]).

Conditioned upon the completion of plastic analysis
procedures as outlined under items (a) through (c) in
NB-3228.1, this Paragraph allows that"... the limits on
local membrane stress intensity (NB-3221.2), primary plus
secondary stress intensity (NB-3222.2), thermal stress
ratchet in shell (NB-3222.5) and progressive distortion of
non-integral connections (NB3227.3) need not be satisfied
at a specific location ... ". Instead, the structural
action must be calculated on a plastic basis and" ... the
design shall be considered to be acceptable if shakedown
occurs (as opposed to continuing deformation) and if the
deformations which occur prior to shakedown do not exceed
specified limits."
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' ' I - General Areas of Review (continued)

TVA Response

The direction in NB-3228.1 has been followed in
establishing allowable local contact force magnitudes
between cross piece and pipe in U-Bolt assemblies. The
plastic analyses performed for this purpose are
comprehensive in that they, in addition to purely local
effects, incorporate global pipe stresses (M/Z) that are
representative for actual piping systems. Evaluation of
complete load cycles demonstrated that shakedown to elastic
conditions occurred after the first load cycle.
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I MII - General Areas of Review (continued)

C. The October 25, 1993 submittal states that TVA considers the
Westinghouse seismic test to be a positive demonstration of the
adequacy of U-Bolts under dynamic load conditions. The staff would
like to review TVA's evaluation of this test. This includes a review
of the possible test failure modes given the physical configuration of
the test.

TVA Response

TVA evaluated the Westinghouse test results by reviewing both the test
report and video tape of the test. Because the support clearly was
able to perform its design function after the seismic portion of the
test, and in fact, the support approached a more stable configuration

- and in view of the conservatism of the test input (e.g., seismic
amplitude and duration, and initial support configuration) - TVA
considered the test to have provided a positive demonstration of U-Bolt
response in Dynamic (Seismic) conditions.
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