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Mr. E. E. Utley
Executive Vice President
Power Supply and Engineering and

Construction
Carolina Power & Light Company
Post Office Box 1551
Raleigh, North Carolina 27602

Dear Mr . Utley:

SUBJECT: PRELIMINARY STAFF FINDINGS FROM THE SHEARON HARRIS
PIPE SUPPORT DESIGN AUDIT

On June 4-5, 1985, the staff performed an audit of the Shearon Harris
pipe support designs as a follow-up to a confirmatory item identified in
the Shearon Harris SER (Item 5) dated November 1983. Carolina Power &
Light Company has agreed to provide the staff with additional information
to address several questions raised during the audit. The details of the
audit are included in the enclosed audit summary.

It is requested that you provide additional information on the issues
raised during the audit in order for the staff to continue its review.

Sincerely,

Enclosure:
As stated

cc: See next page
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555
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Docket No.: 50-400

Mr. E. E. Utley
Executive Vice President
Power Supply and Engineering and

Construction
Carolina Power & Light Company
Post Office Box 1551
Raleigh, North Carolina 27602

Dear Mr. Utley:

SUBJECT: PRELIMINARY STAFF FINDINGS FROM THE SHEARON HARRIS
PIPE SUPPORT DESIGN AUDIT
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On June 4-5, 1985, the staff performed an audit of the Shearon Harris
pipe support designs as a follow-up to a confirmatory item identified in
the Shearon Harris SER (Item 5) dated November 1983. Carolina Power 8

Light Company has agreed to provide the staff with additional information
to address several questions raised during the audit. The details of the
audit are included in the enclosed audit summary.

It is requested that you provide additional information on the issues
raised during the audit in order for the staff to continue its review.

Sincerely,

Enclosure:
As stated

George . Knighton, hief
Licensing Branch No. 3
Division of Licensing

cc: See next page
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Mr. E. E. Utley
Carolina Power & Light Company Shearon Harris

CC:
George F. Trowbridge, Esq.
Shaw, Pittman, Potts & Trowbridge
1800 M Street, NW

Washington, DC 20036

Richard E. Jones, Esq.
Associate General Counsel
Carolina Power & Light Company
411 Fayetteville Street Mall
Raleigh, North Carolina 27602

M. David Gordon, Esq.
Associate Attorney General
State of North Carolina
Post Office Box 629
Raleigh, North Carolina 27602

Thomas S. Erwin, Esq.
115 W. Morgan Street
Raleigh, North Carolina 27602

Resident Inspector/Harris NPS
c/o U.S. Nuclear Regulatory Commission
Route 1, Box 315B
New Hill, North Carolina 27562

Charles D. Barham, Jr., Esq.
Vice President & Senior Counsel
Carolina Power & Light Company
Post Office Box 1551
Raleigh, North Carolina 27602

Mr. John Runkle, Executive Coordinator
Conservation Council of North Carolina
307 Granville Road
Chapel Hill, North Carolina 27514

Mr. Wells Eddleman
806 Parker Street
Durham, North Carolina 27701

Mr. George Jackson, Secretary
Environmental Law Project
School of Law, 064-A
Univeristy of North Carolina
Chapel Hill, North Carolina 27514

Mr . Travi s Payne, Esq.
723 W. Johnson Street
Post Office Box 12643
Raleigh, North Carolina 27605

Mr. Daniel,F. Read
CHANGE

Post Office Box 2151
Raleigh, North Carolina 27602

Bradley W. Jones, Esq.
U.S. Nuclear Regulatory Comm.
Region II
101 Marietta Street
Atlanta, Georgia '0303

Richard D. Wilson, M. D.
725 Hunter Street
Apex, North Carolina 27502

Regional Administrator, Region II
U.S. Nuclear Regulatory Commission
101 Marietta Street
Suite 2900
Atlanta, Georgia 30303

Mr. Robert P. Gruber
Executive Director
Public Staff - NCUC

Post Office Box 991
Raleigh, North Carolina 27602
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Dr. Linda Little
Governor's Waste Management Board
513 Albemarle Building
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Shearon Harris Pi e Su ort Desi n Audit Sugar

On June 4-5, 1985, the staff (Mechanical Engineering Branch-NRR) performed an

audit of selected items relating to the Shearon Harris pipe support design and

design procedures. The purpose of the audit was to follow up on the
confirmatory issue (Item 5) regarding piping supports identified in the Shearon

Harris SER (NUREG-1038 dated November 1983). As a result of the audit, the

applicant has comnitted to provide additional information to address several

questions raised by the staff. These action items are as follows:

(1) The applicant will identify tube steel sizes with a chord thinness ratio
(D/2t) greater than 10 in order to assess the significance of punching

shear effects and web crippling on stepped and matched connections,

respectively.

(2) The applicant will perform a dynamic analysis of the piping system
~ including U-bolt stiffnesses in the support modelling to determine the

effect on the system response.

(3) The applicant will assess the impact of including the dead weight and

seismic effects of the offset support mass on the local stresses

associated with the welded pipe attachment.

(4) The applicant will identify any other potentially unstable pipe support

designs (similar to support CC-H-323) and discuss with the staff the pro-

posed resolution.

Back round

In the staff review of the Shearon Harris FSAR, the staff found that more de-

tailed information was needed to review the design of ASHE Code Class 1, 2, and

3 piping supports (f210.46). The applicant provided responses to the staff in
letters from M. A. NcDuffie to H. Denton dated October 12, 1983 and
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November 15, 1983. In addition a meeting was held between the applicant and
staff on November 10, 1983 to discuss the design of piping supports. Because

many of the pipe support designs were not finalized at the time of the staff
review and the design criteria appeared to be changing, the staff identified
the design of piping supports as a confirmatory issue in the SgR. The staff
stated in the SER that the applicant's submittals were acceptable contingent
upon a satisfactory finding from a design audit to be performed at the offices
of the pipe support designers.

Sco e of the Desi n Audit

The design of the pipe supports was being performed by Bergen-Paterson
(Hempstead, NY) at the time of the staff operating license review (early 1983).
However, in mid-1983 the design of pipe supports was transferred to Ebasco
Services, Inc; (New York, NY).. A site design group which was established in
1980 to resolve field changes is currently performing the final pipe support
design and modifications with assistance from Ebasco as required.

The staff decided to perform its audit at the Shearon Harris site and review
the pipe support designs and design guidelines used by the CP8L site design
group. One of the reasons for auditing the site group was that the IKE Inte-
grated Design Inspection (IDI) team had previously performed a detailed audit
at the offices of Ebasco in the pipe support design area. Although the IDI had

also inspected the design guidelines used at the site, the MEB audit focused on

the conformance of the final design criteria used by the site to the
coomitments made by the applicant in its October 12, 1983 and November 15, 1983

letters. Furthermore, the MEB audit conducted at the site would enable the
reviewer to view the final installed pipe support designs in the plant and gain
a physical understanding of the different types of designs utilized.

The MEB review was intended to supplement the IDI effort and intentionally
avoided a duplication of effort. Consequently, the MEB audit included the fol-
lowing items:

(1) proper application of codes and 'standards to the design guidelines,



(2) load combinations and stress limits in conformance with previous
comnitments,

(3) conformance of final design guidelines to specific licensing comnitments,
and

(4) evaluation of specific pipe support design questions identified in the
plant tour.

Suomar of Desi n Audit

A. A lication of Codes and Standards to Desi n Guidelines

The staff reviewed the guidelines used by CPEL Harris Plant Engineering Section
(HPES) for the 'design, modification, analysis, and verification of piping sup-

portss.

The principle guidelines are included in the HPES "Manual of Instruc-
tions," Sections 7.2.A (Piping Support/Restraint Design and/or Modification)
Rev. 1 dated March 21, 1985.

The pipe support designs at Shearon Harris were designed in accordance with
ANSI B31.1, "Power Piping," (1973). The ASME Code Subsection NF was used for
the design of snubbers only. For supplementary steel, the designs followed the

AISC, "Steel Construction Manual," (1969) 7th Edition (the 8th Edition was used

for section properties). The weld design followed the AWS D1.1, "Structural
Welding Code," (1975) including the 1982 Edition for tubular steel.

The staff reviewed the overall conformance of the design guidelines to the

applicable codes and standards used for the pipe support design. The staff
noted that AWS Dl.l Section 10 for tubular steel provides explicit guidelines
for evaluating the potential for local failure in stepped and matched box

connections. Because of the large number of tube steel supports used in the

plant, the staff questioned whether these AWS design guidelines were

appropriately used. Although the typical size of tube steel used for pipe
supports at Shearon Harris is of a size where the effects of local failure is
not a concern, the applicant agreed to check the material orders to determine

if any tube steel which was used for pipe supports was of a size where the
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local effects could be significant. The effects of local failure in tube steel
become pronounced when the chord thinness ratio (D/2t) exceeds a value of 10.

In AMS Dl.l, explicit guidelines are provided to calculate the effective
throats of fillet welds in skewed T-joints. The staff review of the design
guidelines found no guidance on the subject. The staff found that the design
guidelines previously had addressed the treatment of skewed welds but the
section was subsequently removed. As a result, the applicant agreed to revise
the design guidelines to include the evaluation of the effective throats in
skewed T-joints.

Based on a satisfactory resolution of the above identified items, the staff
finds that the applicability and adequacy of the codes and standards used for
the pipe support designs is acceptable and that the conformance of the design
guidelines to the appropriate codes and standards is adequate.

B. Load Combinations and Stress Limits

The staff reviewed the design guidelines for conformance to the licensing
comoitments made in the November 15, 1983 letter regarding the load

combinations and stress limits to be used for pipe support design. The staff
found that for normal and upset system conditions (including the operating
basis earthquake), the stresses were limited to the allowable stresses given in
the AISC Code. For the emergency system condition (including the safe

.shutdown earthquake), the allowable stresses were increased by 33 percent as

allowed by the AISC Code for seismic effects. For the faulted system condition,
the allowable stresses were increased by 50 percent. This increase is con-

sistent with the guidelines provided in Standard Review Plan 3.8.3 for structural
building steel. The increased stress allowables are further limited such that
the material yield stress is not exceeded.

Based on the staff review of the load combinations and stress limits, we

conclude that the design limits used are in conformance with the applicable
codes and consistent with staff requirements and licensing comnitments and are,
thus, acceptable.

h
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C. Conformance to S ecific Desi n Comnitments

The staff reviewed the design guidelines to verify that the specific design

comnitments made in the October 12, 1983 and the November 15, 1983 letters had

been properly implemented in the design procedures.
'

In the October 12, 1983 letter, the applicant provided its deformation criteria
as I/16 inch for rigid frames and supports and 1/32 inch for frames using snub-

bers in the direction of loading. The IDI found that two separate procedures

provided a deflection criterion and that the two procedures were not

consistent. The staff review found that the commitment made in the

October 12, 1983 letter was consistent with the deflection check provided in
CPKL Site Hanger Problem Resolution Guidelines, Rev. 3, 11/Ol/84. However, as-
concluded by the IDI, a documentation change is required but no reanalysis

should be necessaty because the ASHE Code (and the ANSI B31.1 Code) does not

detail explicit stiffness criteria.

In the November 15, 1983 letter, the applicant provided its buckling criteria.
The maximum buckling stress was to be'limited to 2/3 of the critical buckling

stress. The critical"buckling stress was defined as the CRC Column Strength

Curve. The staff review of the design guidelines found that the buckling

criteria was in accordance with the AISC specification and is, thus,

acceptable.

In the November 15, 1983 letter, the-applicant stated that loads on concrete

expansion anchors are limited to a 4:1 factor of safety on ultimate load

(sleeve type and self drilling expansion anchors are not used at the plant).
The staff review of the design guidelines found this design comnitment has been

explicitly provided.

In the November 15, 1983 letter, the applicant stated that the loads. on bolts

are limited to the normal allowable loads in AISC for the faulted condition.

The staff review of the design guidelines found this design comnitment has been

included. The loads on bolts are limited to normal allowable loads per the

AISC specification for all service limits.

PIPE SUPPORT DESIGN



D. S ecific Pi e Su ort Desi n Findin s

During the plant walkdown tour, the staff raised questions on several

pipe support designs for which additional information was required. The

applicant subsequently provided the staff with the requested information
and many of the questions were resolved. however, at the conclusion of
the audit several questions remained unresolved or required further action
by the applicant. These open items are discussed below.

(1) The staff identified a support (CC-H-323) on an 18 inch component

cooling water piping system. The vertical support was a trapeze type
design with two struts. The pipe rested on the tube steel crossbar
member. Tube steel was also used to frame the pipe (box frame).
There was a 2 inch gap on two sides of the pipe between the pipe and

box frame and a 1/16 inch gap between the top of the pipe and box

frame. The staff identified this restraint as being unstable.
Because of the gaps between the pipe and box frame the support is
free to swing laterally during a seismic event and could impact the
sides of the pipe. Furthermore, an out of plane twisting motion of
the frame could cause the pinned struts to swing in opposite
directions resulting in an inability of the support to resist an

upward load.

The applicant was not in complete agreement that the support was un-

stable. However, the applicant agreed to identify other supports of
a similar design to the staff and discuss with the staff an

acceptable approach to resolve this issue.

(2) The staff identified a support (RH-H-141) during the plant walkdown.

The trapeze type support contained a trunnion welded to the pipe.
The trunnion appeared to be welded to a long radius pipe elbow of an

ASIDE Class 1 pipe. The staff questioned the treatment of the local
stress on the pipe elbow and the stress indices used for <he pipe
elbow with a welded attachment.
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The applicant provided the staff with the welded pipe analysis (WPA)

for support RH-H-141. In reviewing the design drawings, the

applicant found the welded pipe. attachment was not on the elbow but
rather on a straight pipe spool adjacent to the elbow.

The staff reviewed the design guidelines used for the welded pipe
attachment. The guidelines are provided in Procedure 7.2 Appendix C

of the CP&L Nuclear Plant Engineering Section, "Manual of Instruc-
tions." The procedure provided a simplified method to calculate the
local stresses induced in the pipe by the welded pipe attachment.
The procedure was broadly written. and it was not clear to the staff
how the local stresses were combined with the general bending

stresses and which group had that responsibility. The staff found

that originally Bergen-Paterson (Cambridge, MA) had the
responsibility to calculate the local stress on the pipe using the
computer program CYLOOZ. Ebasco who performed the piping stress
analysis provided B-P (Cambridge) with the general bending stresses
for evaluation with the local stresses. Presently,'the CP&L site
group has the responsibility to evaluate the local stresses and to
combine those stresses with the general bending stresses. The staff
noted that the design procedures do not accurately reflect the design

process currently being used for the welded pipe attachment. The

applicant stated that the procedure will be reviewed and revised as

deemed necessary.

For the support RH-H-141, the staff found that the local stresses
were calculated by B-P (Cambridge) and properly combined with the

. general bending stresses provided by Ebasco. The resulting stresses
were below the ASME Code stress limit. However, the welded pipe
analysis performed for the ASME Code Class I piping was an ASME Code

Class 2 analysis. The staff learned that this welded pipe analysis
was a preliminary analysis to initially check for reasonable

stresses. The final ASME Class I piping analysis is performed by

Westinghouse for all ASME Class 1 piping systems.
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(3) During the plant tour, the staff identified a lateral support on the
32 inch main steam piping system inside containment. The support was

identified as MS-H-27. The staff raised a concern regarding the use

of standard size (I or 1 I/8 inch diameter) U-bolts on the 32 inch
pipe. The staff was concerned about the relative flexibilityof the
U-bolts with respect to the bending stiffness of the pipe. The staff
found that the deflection criteria used for frames and snubbers were

not used for U-bolts. Thus, the staff requested that the applicant
perform a reanalysis of the main steam piping with the U-bolt stiff-
ness considered to determine the effect of the U-bolt stiffness on

the response of the system. The staff further requested that the
applicant verify whether other supports on the main steam piping had

also used standard U-bolts.

(4) During the plant tour the staff identified two lateral supports on

the 50-inch horizont+1 main steam header outside containment to which
the three main steam lines connect. The supports were identified as

HS-H-63 and HS-H-65. The staff raised a concern regarding the effect
of the offset mass eccentricity on the local welded pipe attachment
stresses. The staff also questioned the evaluation of the local
stresses for this break exclusion region of high energy piping.
Lastly, the staff requested the applicant evaluate the moment

restraining effects of the lateral trapeze restraint about the
longitudinal pipe axis during a seismic event.

The applicant found that the piping stress analysis did not include
the modelling of the eccentric mass of the lateral support. As a

result, the applicant coomitted to perform an analysis to evaluate
the additional local stresses caused by the eccentric mass for both

supports (H-63 and H-65).

The local stresses were calculated by Bergen-Paterson (Cambridge).
The staff found in reviewing a sample of the Welded Pipe Attachment

(WPA) analysis that several (10) load combinations are evaluated in-
cluding an explicit load combination for the evaluation of postulated
pipe breaks. This limit of 0.8 (1.2 Sh + SA) is used for the stress
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limit in the break exclusion region. Thus, the staff found that the
local pipe stresses have been properly evaluated in accordance with
SRP 3.6.2 for the break exclusion region and is acceptable.

The trapeze crossbar was found to be approximately 90 inches long.
Because of the long length, the staff was concerned that the angular
rotation of the 50 inch pipe about its torsional axis could be re-
strained by the trapeze configuration. This moment restraining
effect had not been considered in the piping stress analysis model.
In reviewing the analytical results, the staff found that the angular
rotation of the pipe was extremely small (0.0069'r 0.00012
radians). Because of the small rotations of the 50 inch header, the
displacements at the snubber connection to the crossbar was only
0.005 inches. The 0.005 inch displacement is less than the lost
motion associated with the snubber and, thus, there is no resulting
moment restraining effect on the support or the pipe. Thus, the
staff found the moment restraining effect to be acceptable for
supports HS-H-63 and NS-H-65. However, the staff noted that the
moment restraining effects of trapeze type supports welded to a pipe
can be significant for large bore pipe when the pipe angular rotations
about its longitudinal axis are large.

Conclusions

The staff review of the site design guidelines finds them to be consistent with
the comnitments made in the operating license review and are, thus, acceptable.
The staff review of the design guidelines with regards to their sufficiency in
providing appropriate considerations for specific pipe support designs finds
the guidelines broadly written and further information is needed from the
applicant to address specific issues identified by the staff including:

(I) tube steel design for the effects of local failure,

(2) the effect of U-bolt stiffness on the dynamic piping system response,
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(3) the effect of eccentric support mass on the local pipe stresses, and

(4) treatment of potentially unstable supports.

Additionally, the staff review of the design guidelines and the identification
of the above items do not supersede the validity of the findings identified in
the I&E IDI report 50-400/84-48. The staff review of the pipe support design
was based on a limited sampling of the supports in the Shearon Harris plant and

was intended to supplement the IDI effort.
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