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:| 1; PiCM o Sofe Shutdown Function. | '

3 3

| 2. Identify PatPS Availcke. | e

i ,

-j 3 Pieu o enmary/Bocauo Potn. |
~

a

:| 4 Identif y on item of Ecutoment. |
{ f

| S. Determme Locotion er Plant. .|
4

| 6. Determine Normal State. | i

I '{
| 7. . Determine Desired State. |_

'

I

8-.
'i

Yes i
ts Power Needed ? '

g

| 9. Identify Power Sources. l. .

' L 10. Identify hooorting Systems. '
~

s,
*

I >

|11, Icentify Instruments for Function. | l
3 .

| 12. Identify Instruments for Control. |
.

13.
- _N is All Eauipment

identified 7
,

I

| Yes

i 14 ,

; No Are All Power / Support !

Systems identified .7 -'

'fYes

15.
No Are Primary and

Bockup Poths
Consicerad ~?

Yes

.16. 'i
No Are All Four .

'

r nctions Evoluoted 'u
)

Yes-

| 17. Develoo Seismic Review SSEL. |
I i

| 18. Devotoo Reloy Review SSEL |
'

&

( Stoo--)

(' Figure A-10. Steps for Identifying Safe Shutdown .

Equipment, I
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C.2' Expansion Anchors Revision 2.

.

n
- C.2.2 Check for Anch'or'Tvoe

The specific manufacturers and product names of expansion anchors covered

by this procedure are listed'in Table C.2 2 below. This table also lists I

capacity reduction factors (RTf for pullout and. RT, for shear) which should
be multiplied by the nominal pullout and shear capacities (P,y, V,,)' given i

in Table C.21 to obtain the allowable pullout and shear capacities (P,n, ;

V,n) as follows: ,

P,, RT,P, n -

V,, RT,V,ji- -

Note that,-generally, expansion anchors should not be used for securing
vibratory equipment such as pumps and air compressors. If such equipment

!is secured with expansion anchors, then.there'should be a large margin
between the pullout loads and the' pullout capacities; i.e., the loads on

these expansion anchors should be primarily shear. "

The principal differences between shell- and nonshell-type expansion

|
anchors are explained below.

Shell-tvoe expansion anchors are expanded int'o the' concrete.by application
of a setting force independent of the load later applied to the bolt or. nut
by the equipment being: anchored. The key feature of this type of expansion -

anchor is that it relies upon its initial preset for holding it in place. .

Figure C.21 shows the features of several types of shell-type expansion
anchors.

Figure C.2-la shows a "Self-Drilling Type" of shell-type expansion anchor.
This type of anchor is set in place'by driving the shell down over the cone
expander which is resting against the bottom of the hole. 4

C.2-3

,

,.
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.,

Table C.2-2 -

'ITYPE OF EXPANSION ANCHORS
I COVERED BY THIS PROCEDURE.AND- 1

ASSOCIATED CAPAC?"Y REDUCTION FACTORS .j

i

Capacity Reduction'-
Manufacturer Product-Name Tvoe- Factors - (RT,. RT,1 |

Hilti Kwik Bolt Nonshell 1.0 ;!
HDI. Shell; 1.0 :

. Sleeve Nonshell 0.6 1

1TW/Ramset. Dynaset Shell 1.0- , ,

Dynabolt- Nonshell 0.75
Trubolt .Nonshell- 0.-75 :

ITW/Ramset/ Multiset Drop-In Shell' l.0

Redhead Self . Drilling Shell -1.0 ,

Dynabolt' Sleeve Nonshell 1.0
,

Nondrill Shell- .1.0 -

Stud- ~Shell- 0.75 !
"

TRUB01.T Nonshell 0.75
n

Molly Parasleeve 'Nonshell .l.0 ;

MDI Shell J1.0-
'Parabolt Nonshell 0.75 .]

| Phillips Self-Drilling Shell. : 1. 0.-
~

,

Wedge. Nonshell- 1.0- .

Sleeve Nonshell l'. 0 :

Multi-Set Shell 1.0:
Shell. 1.0/Stud '

,

Non-Drilling Shell 'l.0

R aw', Drop-In Shell 1.0 ;

Stud Shell 0.75
Saber-Tooth Shell. 'O.75
Bolt Nonshell 0.75

'

4

Star Selfdrill Shell' O 75 .

Steel- Shell 0.6 |
Stud Shell 0.6 '

USE Diamond Sup R-Drop Shell 1.0
,

Sup-R-Stud Shell- 1.0 +

Sup-R-Sleeve .Nonshell 1.0
Sup-R-Drill 'Shell 0.75

,

WEJ IT Drop-In Shell 1.0 -

Sleeve Nonshell 'l.0-
~'

Wedge 'Nonshell 0.75
Stud Shell 0.6

.

C.2-4 i
:
,
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Enclosure 1 to'-

t

Q SQUG Letter Dated .
'

b- September 21,-1990- ;

11LNIFICANT CHANGES'AND ADDITIONS
INCORPORATED IN REVISION 2 0F THE GIP- I

Numerous' changes and additions are -included in Revision ~ 2 of the GIP '

compared to Revision 1. -The significant ones are summarized'below and
grouped by the part and section of the-GIP.

s

PART~I.

Licensina and Imolementation Guidelines, has been modified' to more
clearly address licensing issues covered in the NRC's Safety Evalua ' ;

tion Report (SER)' on Revision 0 of the GIP and the' Supplementary
Safety Evaluation. Report-(SSER) No- 1 on Revision-1 of the GIP. :The.__.

wording used in this part hastalso been revised to.be as consistent as '

possible with the wording used in SSER No 1. Since the format of- - !
-

this part of the. GIP has changed, a " Road Map"-has been prepared and-
~

included-as an enclosure-to the forwarding letter. Because.of the.
narrative style of Part I Revision 2, the " Road Map" cross references
the location of the issues and positions from Revision 1- to ,

Revision 2.

PART II.

Section 1. Introduction, has been expanded to include a summary of'the
guidelines for the Cable and Conduit Raceway Review. Revisions to
other parts of the Introduction also have been made to clarify the
material.

Section 2. Seismic Evaluation-Personnel, has been expanded to include
i the responsibility of the Seismic Capability Engineer (formerly celled
| Seismic Capability " Member" Engineer) to establish in-cabinet ampl.ifi -

cation factors for the relay review. A section has been added which-
describes the two training courses SQUG is developing;-Part III of the ,

GIP (Requirements for SQUG Training Course) has been deleted. Section
2.also has been reorganized and the material revised'to~ clarify the '

roles and responsibilities of the individuals-involved in the:USI A-46
review.

| .Section 3. tification of Safe Shutdown Eouioment, ha's been revised
| to incorporate agreements reached with the NRC Staff on several-
'

issues. Additions to Section 3 include a discussion of (1).the scope-
, _ of the Cable and Conduit Raceway. Review, (2) the suggested methods- for.

performing the Operations. Department review of the Safe' Shutdown
. Equipment List (SSEL), and (3) the type of documentation which should
I be generated. This section also has-been re-organized and the

material revised to be consistent with the lessons learned during the
three SQUG training courses. ~

OV 1

'

,

,- ,, r--. - - - - _ _ _ - - - - - - - - , - - . - _ _ . - - . . _ _ , - _ . . . - - . - -
.
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-Section 4. Screenino Verification and Walkdown, has been revised to |
~

more clearly describe how to compare the. seismic capacity-of equipment.

i .to the seismic demand imposed upon_it when using the Bounding _ Spectrum. 4

and-Generic Equipment Ruggedness' Spectra (GERS). The: subsection on. 3
anchorage has been rewritten and expanded-(l)-to incorporate agree-
ments reached with SSRAP and the NRC staff on numerous' issues,-(2) to 1|
include anchorage evaluations-for J-bolts, and (3) to_ include all the"

,

information required to perform anchorage evaluation;' Appendix C.
,

(Anchora'ge Data) also was updated to be consistent with these changes i

to Section 4..-The remainder of Section 4:is revised for clarity _and--

consistency with.the remainder of the GIP. 'J
Section 5. Outlier Identification 'and Resolution, has beenL expande' d to
address outliers for all aspects of the GIP evaluations', including
relay evaluations, and the cable and' conduit raceway: review. This| '

L section also contains a number of, editorial clarifications.

Section 6. Relav Functionality Review, has been revised to include a 1

multi-level screening approach for comparing relay. seismic capacity:to '

seismic demand. This section also contains a number of: editorial i

clarifications.
~

Section 7. Tanks and Heat Exchanaers Review, has been revised to- <

reflect resolution of numerous NRC and SSRAP comments. It now also |
allows evaluations of vertical tanks made of material.other than steel l
and containing fluids other than water.

Section 8 Cable and Conduit Raceway Review, is a new section. 'It
includes all the requirements for seismic review of cable tray'and-

.
| conduit raceway systems.

Section 9. Documentation, is revised to cover documentation require-
ments for all portions of the USI A-46 seismic review,

t

Section 10. References, includes th'e list of;the. latest available-
reference documents. Several EPRI and EQE documents'are being :
finalized at this time;. the final versions of these documents will be
referenced in the next revision of the GIP.-

.

Aooendix A. Procedure for Identification of Safe Shutdown Eau'ioment,
includes a revised step-by-step procedure,and flow dia

|_ toe lessons learned during the SQUG-training _ courses, gram based on
,

& Dendix B. Summary of Eauioment Class Descriotions and' Caveats,-is a
'

nev appendix which includes a summary description of each of the.-
equipment classes in the earthquake experience' data base and the GERS -itesting data base. This appendix also includes, in one place, a
listing of all the caveats and restrictions associated with the use of ,

'

these data bases. The Seismic Evaluation Work. Sheets (SEWS) which hadbeen in Appendix B in Revision 1 of the GIP are'now included in
Appendix G. |

O 2
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.q

Anoendix CT Anchorace Data,.is rewritten to-cover the details of the-' 2

.O -various types of anchors now covered by the. GIP. It.is consistentV with the anchorage evaluation methodology contained in-Section 4.
,

'

Anoendices D.~ E. and F, containLa number |of editorial clarifications.
7

Anoendix G. Screenina'and Evaluation Work Sheets'(SEWS),-contains the
SEWS which had been included in Appendix B-in Revision 1 of the GIP.
The SEWS in Appendix-G'have been revised to'be consistent-with changes.

~

~,

and. additions made to the other sections of.the GIP. In Revision 1 of
the GIP,-Appendix G had been reserved for guidance in, obtaining }
additional data for use in the Seismic Margins Program'. It has been. t

decided that it is not appropriate to include- such guidance in the
GIP.

PART III t

Reauirements for SOUG Trainina Course, has been deleted from the GIP.
'A discussion of the requirements of the two SQUG training; courses is
included in Section 2 of Part II.

-i
8

! O.
l G

;
'

!
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| i
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Enclosure ~ 2 to . a

[V) SQUG Letter Dated
-September 21, 1990-

ROAD MAP'TO CHANGES IN i
PART I 0F GIP REVISION 2

,

Following issuance of the GIP, Revision 1, SQUG~ revised the format of [
Part I of the GIP to be more descriptive and useful to utility engineers '

implementing the procedure. Rather than providing SQUG positions and. ' '

; resolutions of issues in an abbreviated- form, Part I was revised to be a '

7narrative with instructive examples.. Further, in-this revision of Part I,
SQUG attempts to incorporate information contained in the Staff's
Supplemental--Safety Evaluation Report (SSER) No.1 on the GIP, dated June
29, 1990, with. appropriate clar.ification.

To facilitate NRC' Staff review of'this. revision to Part I, SQUG provides '

this " Road Map"'which, in Section If below, cross-references the positions
and issues (calbd topics) in: Part I of the GIP, Revision 1, to the .,'

location in Part I, Revision 2, where the: same topics are addressed. . -

.Section II of this '' Road Map" cross-references topics in the SSER No.~ il 'to. :

the paragraphs in Part I, Revision 2, addressing those topics.: It should
be emphasized that this " Road Map" is.provided-to facilitate Staff review I

of the GIP and is not ~part of the GIP which, along with its references, i
stands alone. ;

Section I - Cross-Reference Between GIP Revision 1 and Revision 2 '

.'t i
Listed below are topics from Part I, Revision 1 -in order of page-and ~

paragraph number, along with the number of the paragraph in Revision 2 that
addresses the.same topic. Some topics were moved from Part-I to Part-II of-

L the GIP in Revision 2 because of their technical nature;Lthis is.noted
' where appropriate, in many cases, the Revision 2 discussions of Revision 1

topics are clarified and expanded. Where' appropriate, comments below point .c
out the nature of-the clarifications. ~

1. The Generic Letter as Guidance

Revision 1: Page 2, numbered paragraph 1.

Revision 2: The GIP provides-guidance and commitments that-fully.
incorporate the guidance in the Generic Letter. See
paragraph 1.2. This concept is applied throughout

.

Part I.. 'The difference between GIP commitments and '

guidance is addressed in more detail in paragraph 1.3.

2. The Role of SSRAP
,

Revision 1: Page 2, numbered paragraph 2, and page 12, numbered-
paragraph 1.

Revision 2: Paragraph 2.2.2.
O
V 1

i

___________.___.____ -_.__ - --.___ - ---_ _.- __ .__- - - - ~ + .- _ _ _ . . . , - ,.
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;

|

3. .Reportability and JC0s I(7 ,

' V Revision 1:- Page 3, numbered paragraph-3,'page 7, numbered: ;o

paragraph 2,.and page 12, numbered paragraph 3.

Revision 2: Paragraph 2.2.5.

4. Summary Reports *

Revision 1:- Page 3, numbered paragraph 4.

| Revision 2: Paragraph 2.2.4.-

5. Completion Reports
i

Revision 1: Page 3, numbered paragraph.5.

Revision 2: Paragraph 2.2.4.

6. Plant-Specific SERs

Revision 1: Pages 3 and 12, numbered paragraphs 5.

Revision 2: Paragraph 2.2.10.
:

7. Backfitting Analysis for Modifications

Revision 1: Page 4, numbered paragraph 6.

Revision 2: Paragraph 2.3.1. SQUG's position.on this topic has-
-been explained in more detail. '

'
8. Compliance with GDC-2

Revision 1: Page 5; page 13, numbered paragraph:1.b. [

Revision 2:. Paragraph 2.3.2. SQUG has clarified this issue to
'

address. compliance with the seismic aspects of GDC-2.

9. Revision of Plant Design Basis

Revision 1: Page 5.
.

Revision 2: Paragraph 2.3.3. The discussion addresses revision of- -i|-
i the licensing basis rather than the design basis.
; Examples are provided.
L

10. USI A-17 and A-40
,

i

Revision 1: Page S.

3Revision 2: Paragraph 2.3.5.
A
Q 2

.. - -- - - . - . ___ _.
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?

. i
11. Assumptions '

\ Revision 1: -Page 6,' numbered paragraph 1. I

Revision 2: Paragraph 2.2.3.

L 12. Scope of' Safe Shutdown Equipment. ,

Revision 1: Page 6,. numbered paragraph 2. i

| Revision 2: Part II,:Section 3.3.

|-

13. Regulatory Guide 1.g7 Equipment

Revision 1: Page 6,. numbered paragraph 2.

Revision ~2: Paragraph 2.4.2.
:

14. Seismic Interaction
.

Re'vi s i on .1 : - Page 6, numbered paragraph 3.

IRevision-2: Part II, Section 4.5 and Appendix D.

15. Instrument Air Lines
,

Revision 1: Page 7, numbered paragraph 4. 4

Revision 2: Part II, Section 4.5 and Appendix D.-

16. 72-Hour Hot Shutdown Criterion- -

Revision 1: Page 7, numbered paragraph.5(a)..

Revision 2: Paragraph 2.2.11.

17. Safe Shutdown Equipment Redundancy

Revision 1: Page 7,-numbered paragraph'5(').b

!Revision 2: Paragraph 2.4.1.

18. Instrumentation and Controls

Revision 1: Page 7, numbered paragraph 6.-

Revision 2: Paragraph 2.4.3. 1

r

'I
-

h
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l

19. Selecting Review. Team Members-y .

, Revision 1: Page 8, numbered paragraph 1.
|~

Revision 2: Part II, Section~2.'
i

20. Multipliers:
.,

Revision 1: Page 9, numbered paragraph 3.
t

Revision 2: Paragraph 2.2.6.

21. Spectral Acceleration for Anchorage Verification

Revision 1: Page 9, numbered paragraph 4.
'

Revision 2:- Part II,.Section 4.2.
,

22. . Relay Review j
Revision 1:- Page.10,. numbered paragraph 5.

!

Revision 2: Part II, Section 6.

23. Flexibility in Considering Safety Function j

Revision 1: Page 11, numbered paragraph 6(1).'

(
Revision 2: Paragraph 2.3.4, at end of paragraph.

24. ~ New and Replacement Equipment

Revision 1: Page 11, numbered' paragraphs 6(2) and (3), and page 14,
numbered paragraph.II.D.1.3. '

Revision 2: Paragraphs 2.3.4,-2'3.3 an'd 1.2. This position is now' '
.

explained in much greater detail, and includes specific
criteria.

25. Maintenance Programs

Revision 1: Page 11, numbered paragraph 1.
,

Revision 2: Paragraph 2.2.7.

26. ' Implementation Schedule

Revision 1: Page 12, numbered paragraph 2.

Revision 2: Paragraphs 2.2.8 and 2.2.4.

|. 4

1
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|

-27. Third Phrty Audits

! U Revision 1: Page 12, numbered paragraph,4. [

. Revision 2:: Paragraph 2.2.9. |
-

28. Adequacy of Seismic Capacity.of Equipment in Older Plants
3

Revision 1: Page 13, numbered paragraph.I.a. .i
!Revision 2: Paragraph 1.1. SQUG has- clarified that. adequate

margins of seismic capacity exist: for properly anchored
equipment., ,

l c

L 29. Operability of Equipment-

Revision 1: Page 13, numbered paragraph-II.A.I.

Revision 2: Paragraph 2.4.1.- This paragraph ~has been expanded to ;

address single ~ failure concerns-and administrative
controls for safe shutdown equipment: removed from '

service.
t

30. General- Agreement vs. Full Concurrence

Revision 1: Page 13, numbered paragraph II D 1.1.1..

OQ Revision 2: Paragraph 2.2.1.- SQUG has clarified this position to
indicate that full concurrence will be assumed unless '

specific concerns are identified.
'

31. Postponement

Revision 1: Page 14, numbered paragraphs II.D.l.l.a.2 and
II.D.l.l.c l.c.

Revision 2: Paragraph 2.2.8.

32. New, Modified and Repaired-Anchorages

Revision 1: Page 14, numbered paragraph II.D.l.5..
q

Revision 2: Paragraph 2.3.4, near end.

33. Recognizing, Documenting and Reporting Deficiencies

Revision 1: Page 14, numbered paragraphs III.C.2.1.a and b.
3

Revision 2: Paragraph 2.2.5.
'

5
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Section II - SOUG Responses to the NRC SSER No. 1 on the' GIP. Revision 1' y\-,

V '
Pa:t I of the GIP attempts-to resolve all open issues in the Staff's SSER

* No. I on Part I, Revision 1, and incorporates the SSER No. I language, with-
clarification, wherever possible. Listed below are the SSER No. ILtopics-
cross-referenced.to Part.I, Revision 2.

1. Differences Between GIP and' Generic Letter

i Staff SSER: .Page 2,' numbered paragraph 1.0.

Revision 2: Paragraphs 1.2 and 2.2.8.- Since implementation will-
not' proceed until- all' open issues are resolved,t

problems with plant-specific open issues resulting from 1

differences betyeen the GIP and the' Generic Letters !
should not' occur. 1

4

2. Reporting and the Need for JCOs d

Staff SSER: Page 3, numbered paragraph 3, page 13,-numbered i

paragraph 2, and page 17, numbered paragraph 3',
|

Revision 2: Paragraph 2.2.5.
|

3. Summary Reports .|
| r

- t'( Staff SSER: Page 4, numbered paragraph 4.
i

Revision 2: Paragraph 2.2.4. Section 9 of Part 11 clarifies that
the information requested for.:"all the relays
identified for safe shutdown" applies only to essential i
rel ays.

4. Completion Reports

Staff SSER. Pages 4 and 5, numbered paragraphs 5.
.4

Rev.ision 2: Paragraphs 2.2.4 (completion letter) and 2.3.1- '

(backfitting and modifications).

5. Plant-Specific SERs. '

Staff SSER: Pages 5 and 18, numberedqparagraphs 5.

Revision 2: Paragraph 2.2.10. 1
1,

6. Correction of Deficiencies'

Staff SSER: Page 5, numbered paragraph 6.

Revision 2: Paragraph 2.3.1.
,

6

,
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1
'

i .

|!
3

7.- Compliance with 400-2 i
i

Staff SSER: Jage 7, numbered paragraph (1), and page 19, numbered
,

paragraph I.B.

Revision 2: Paragraph 2.3.2. ''

8. Specific Seismic Qualification Commitments
a

Staff SSER:- Page 7, nunsbered paragraph-(2).
'

Revision 2: Paragraph 2.3.3. I

9. Revision of the Plant Design Basis
,

.i
! Staff SSER: Page 7, numbered paragraph (3). '

Revision 2: Paragraph 2.3.3. SQUG has clarified Part I to indicate- ;

that licensees will revise'their commitments to a- 1

methodology for verifying / qualifying seismic equipment. ;

These are licensing commitments,'i.e., the licensing; 1

bases, not the design bases.

10. Extending the A-46 Criteria to All Seismic Equipment
|

Staff SSER: Pages 8 to 10, numbered paragraph (2)'.

Revision 2: Saragraph 2.3.4. Part I incorporates language _ directly.,

from the SSER.

11. 72-Hour Hot Shutdown Requirement

Staff SSER:- Page 11, numbered paragraph 5..

Revision 2: Paragraph 2.2.11.- 1'

12. Review Team Qualifications - 1

Staff SSER: Page 12, numbered paragraph 1.

Revision 2: Part II, Section 2. SQUG interprets the Staff-.:
.

3discussion not to preclude use of one individual for ;
two areas of expertise or use of. individuals without,.

specific degrees for key review-team positions.

-i

!

|

7

_ . . . . .
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13. ~ Categories of Relays

I- . Staff.SSER: Page 15, numbered paragraph'6, NRC commentL(1).. !

L
<

| Revision 2: Part II, Section 6. SQUG assumes the three categories
in the SSER are examples of relay categories and not a a

' definitive statement restricting the categories of. '

relays which can be used. '

a
! - 14. Relay Chatter

. Staff SSER: Page 16, numbered paragraph 6(1)(c).
l'

.

Revision 2: Part II, Section 6.3. SQUG interprets this paragraph- l
-in the SSER to mean essential relaysithat must function-

,

properly. following the earthquake but may chatter.
during strong motion shaking. *

15. Role of SSRAP.
'

s

Staff SSER: Page 17, numbered paragraph 1.

Revision 2: Paragraph 2.2.2.
'

16.- Third-Party Audits !

Staff SSER: Page 18, numbered paragraph 4.
O' Revision 2: Paragraph 2.2.9.

37. Adequacy of Seismic Capacity-of Equipment in Older Plants

Staff SSER: Pages 18 and 19, numbered-paragraph I.A.

. Revision 2: Paragraph 1.1. SQUG has clarified that adequate .
.I margins of seismic capacity' exist for properly anchored

equipment.
|

18. 0perability of Equipment
f

1
. ,

| Staff SSER: Page 19, numbered paragraph II.A.I.- 1

Revision 2: Paragraph.2.4.1. This paragraph has been.' expanded to-
address single failure' concerns'and: administrative
controls for-safe shutdown equipment removed!from

|~ service. '

;
,

'

'

!
|

|

1

8
)

'

$
,

- , ,. _ , - , . , , - . . ~..< , . - - - - . . - - - - - - - ---- U-- - - - - - - - - - -



. . . . .._ - ___- _ _ - _ _ ___--_ __ .

:
)

.I

19. General _ Agreement vs. Full Concurrence
,

.

}j
.

' Staff SSER: Page _20. - numberect paragraph 11.D.1.1.1.
.

i
!Revision.2: . . Paragraph. 2.2.1. : SQUG has clarified this position to..

' indicate that full- concurrence will be' assumed unless ~

specific concerns are identified.

20. Postponement

Staff SSER: Page'20 and 21, numbered paragraphs II.D.l.1.a.2 and |II.D.1.1 c.l.c..

Revision 2: Paragraph 2.2.8.-
.

t
| 21. 'New Installations

|

Staff SSER: Page 21, nu'mbered paragraph.II.D.I.3.- -

Revision 2: . -Paragraph 2.3.4..

22. New, Nodified and Repaired Anchorages

Staff SSER: Page 21, numbered paragraph II.D.I.5. i
Revision 2: Paragraph 2.3.4, near end.

23. Recognizing, Documenting and Reporting Deficiencies

Staff SSER: Page 22, numbered paragraphs III.C.2.1.a and b.
L

.

Revision 2: Paragraph 2.2.5.
.i

'.

,

t

s

,

|

O e

,

.. . - , _ . . _ , . _ . . _. _ . _ _ . - . , _ . _ _ . . . . . . ~ , , , . . . . . . . _ , . . .



- .- . -

i. '

'$

-. Ericlosure'3 to l
D) - SQUG Letter Dated.

~J

(, September:21, 1990-

CHECKLIST OF OPEN/ UNRESOLVED' ISSUES.
IN USI A-46 PROGRAM

INTRODUCTION

This " Checklist" summarizes the resolution of numerous open/ unresolved
issues in the USI.A-46 program. ;There are five sections to this:,

" Checklist" which are described belcw.
'

|-

Introduction.is given here.and describes the contents of.this.

" Checklist."~
,

Summary of Results describes the ch'anges made to'this " Checklist"-.-

since the last version was published.
,"

Status Table categorizes the status of all' open/ unresolved issues into-.-

seven categories.
_,

-!
History Table summarizes the historical positions taken-by NRC,L SSRAP,. 1

.

and SQUG on each of the open/ unresolved issues. This ' History < Table:
also includes a column showing the " Status".of each issue. fTo assist; 1

O reviewers ~ of the GIP, Revicion 2, the " Status" column of .this version,

V of the checklist includes a reference to the section(s) in the GIP,. i
Rev. 2, where the issue is addressed. This reference is included only
for those issues which were resolved in the GIP, Rev.- 2; the issues'
resolved in the GIP, Rev.-'1,-do not include the reference.

Note that in some cases,-the issues are being-resolved by revising the
reference document, not the GIP. This occurs when the. issue relates ,

to clarifying the basis for the USI A-46 criteria; the; GIP.only; *

provides the procedure for applying the:USI A-46 criteria.

Note'that the positions taken'by NRC, SSRAP,-and SQUG. include a
reference to a document (underlined. reference numbers). .The titles of

.

,

these documents are listed in the " Reference" section of. thischecklist, .denribed below.
.

References lists the: titles of the various. documents (mostly reports-
P

.

3of Technical Review Meetings) where. positions were taken by NRC,
~SSRAP, and SQUG. '

,

1 Note that wherever there -is a change in the " Checklist" between the
previous-version and this one, a single vertical line is.added in.the left-' '

hand margin of the affected column to identify where the change or addition
has been made~.

,

O
.
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- SUMMARY OF RESULTS

[)v.
'

'

The previous version' of this " Checklist"'was published _on 10/10/89. Since|
that time there have been numerous meetings-held and several position . >

.

papers published which have closed out nearly all the open/ unresolvedr
,

issues that have resulted from the development of generic guidelines for'

;
resolution of USI A-46. These changes =are summarized below. .;

t

.Three-(3)'new issues have been added as.follows.-
.

C.4- Westinghouse test data in potential conflict with GERS? [
*D 24 Expansion . anchor types with limited backup test data-or low-

test data ,

1

E.7. Switchgear GERS cover. relay chatter !

1

Except for Issue C.4, these new issues ha,e been resolved and the results
included in Revision 2 of the GIP.. Resolution of: Issue. L.4 is in' progress;
Revision 2 of the GIP incorporates resolution of'all the GERS issues short
-of the potential conflicts with Westinghouse test data.

Nine (9). issues changed from "00en" to " Resolved" status category as :i-

.follows.

A.5 Basis for excluding NSSS equipment,

A.6 Bounde y of CRD mechanism

D.17 Factors of safety and cracks in concrete
,

D.22 Expansion anchor strength criteria: for f',- < 3500 psi

D.23 J-hook concrete fastener strength criteria '

E.6 Similarity criteria for determining ruggedness'of untested
relays

J.1 Approval of training program

K.2 Applicability of USI A-46 criteria to any equipment in plant'

K.4 Equipment operability
;

The resolution of all the above issues are incorporated into Revision 2 of-
the GIP except for Issue E.6 for which SQUG has deferred _ finalization and-

implementation of the similarity criteria ~ for determining' ruggedness of ~
untested relays.

-2-

>
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;

::|_'\_
.0ne (1) issue changed from "Reso1Ued" to "No" status category as' follows.7

;

U G.1 Cable and conduit raceway; evaluation criteria

This issue was changed .to a'"No" (i.e.. SQUG disagrees with the NRC : ;.

position and no change made to GIP,.Rev. 2). SQUG does not consider it to
be recessary for a 3 X Dead load evaluation-to be performed for non-ductile ;

cable and conduit raceway supports since suitable horizontal' load' checks
are performed on these types of supports'to demonstrate their seismic
adequacy. SSRAP concurs in SQUG's position. !

'Two (2) issues remain "Open" M this time as follows.

L C4 Westinghouse test data in potential conflict with GERS:

E.2a GERS for all types of relays E

Both these issues' remain open pending resolution of potential conflicts
'

between: Westinghouse test data and the GERS (relay and non-relay). SQUG- t
arid Westinghouse are currently attempting to resolve.these apparent;
conflicts.

.

The overall status of the,open/ unresolved issues is a follows.. -f

" Resolved" 08 (Was 78) , [
t

"No" 1 (Was 0) s

"Open" .l (Was 10)
Total 91 ~(Was 88)

o
\

-

E

|:
!

.c

i
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CHECKLIST OF.0 PEN / UNRESOLVED ISSUES IN USI'A-46 PROGRAM
i

,j
,

,' STATUS TABLE :

$L. - Status Cateoories

1. Resolved per-GIP, Rev.1. ;

-{ 2. Resoived in. GIP, Rev. 2. {

3. Resolved in GIP,:Rev. 2 with' disagreement. SQUG disagrees but will.

.not generically' contest the-NRC position.- >

4. SQUG disagrees.and does not-accept with1NRC position; no change made
to GIP, Rev. 2..

5. Open issue. SQUG developing-criteria- or justification for' review by. t

NRC/SSRAP.
~

:

6. Open issue. NRC evaluating criteria or justification. |

7. Open issue. SQUG evaluating NRC- position. ",

>

Note that if both the NRC and'SQUG are taking action to' resolve an open issue,
the symbol "l/2" will appear in both columns 6 and 7 of the Status Category .

below, r

Status Cateaory

Resolved- N_0_, ODen
( lssues 1 _jL. 3 4- 5 6 7

A. Safe Shutdown Eauipment' List- -1
(SSEL)

1. Use of TMI Action Plan X. j
Item II.F.2 equipment "

2. Selection of preferred X.
safe shutdown path

3. Training /proceJures for 'X .
shutting down after
earthquake

4a. Compatibility of plant X
operating procedures with
SSEL

4b. Documentation of review of X
plant operating procedures J

| 5. Basis for excluding NSSS X ~!
equipment

OO
:

-4-
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|
.

|
. Status Cateaorv

~

y^. . Resolved- Hg_ Ooen ;

Issues ' l_ _2 3_ _1 l fL ' 7 ; ,'.

. s

A. Safe Shutdown Eauipment List fSSELi- .

(Continued)
|.

| | 6. Boundary of CRD mechanism X: i

I 7. Cast iron valves, 'X
'

| fittings, etc.

1

8. Definition of hot shutdown- X

: .4

B. Earthauake Experience Data Base.

| ~ r

l. New' equipment added=to X'

generic seismic experience
data base

2. SSRAP bounding spectrum X

v

C. Test Exoerience Data Base <

,

,

1. GERS levels X - !

2. GERS vintage X {

3. GERS for distribution X',

panel boards andI

switchboards -
,

|
5

4. Westinghouse test data in' X'
'

potential conflict with' o

GERS

0. Anchoraae Guidelines
|

la. Visual inspection of X- -

expansion anchor bolts !

'lb. Seismic load reversals for X
expansion anchors -

i

2. Sampling rate for. X i

tightness checks of
expansion anchor bolts. '

3. Torque to be used for X

tightness checks of
expansion anchor bolts ~ !

i

.[h

-5- |
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Status Cateaorv
,Di Resolved gg_ Ooen ,

V Issues 1 Z] ,,i., 1 ,_f_ 7

D. Anchorace Guidelines (Continued.1

4. Shear-tension interaction X

formulation for cast-in-
place bolts and headed |
studs ~

.5. Modified, replaced or new X
!

anchorages

6. Damping values for X

determining spectral
1

' acceleration
'

7. Wall mounted cabinets and X
panels

8. Computer codes X [
9. Adequacy of crSinet X i

anchorage stifness

10. Embedment length for X
expansion anchor bolts

;

11. Embedment length for cast- X
in place bolts -;

12. Tables in GlP for grouted- X I

in-place bolts,
3interaction equations, and '

weld allowables
;

13a. Edge distance and bolt X
cpacing for adjacent
equipment

13b. Edge distance and bolt x |
spacing in general

14. German anchorage test data X i

15. PCI handbook X

16. " Direct method" of X

generating in structure
response spectra

'

o
. t i ,

V'

,

-6-
,
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Stattis Cateaorv
m Resolved jht Ooenf

{) Issues L13 4 16 7 ;

D. Anchorace Guidelines (Continued) ]
| 17. Factors of safety and X [

cracks in concrete ;

r
*

18. Effect of concrete X

strengsh on tensile
strength of expansion- ,

*

anchors

'19. Missing boit sizes in' GIP X
Appendix C tables

20. Effect of bending on X *

anchorage
j

-21. Discrepancy between GIP X

and anchorage report

| 22. Expansion anchor. strength X

criteria for f,' <' 3500
psi

| 23. J hook concrete fastener XO strength criteria
V .'

24. Expansion anchor types X

with limited backup test
data or low test data

E. Relav Review Guidelir;;

1. Operator response to X
spurious alarms

2a. GERS for all types of X
,

j relays
p

2b. GERS for older relays X
-

3a. In cabinet amplification X

factors for MCCs and SWGR -

3b. In-cabinet amplification X

factors for control panels
! and bench boards using S&A

iapproach '

A >

'd .

.,.

. _
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Status'Cateoorv .!
. , -( Resolved Ng_, Ooen
( ) Issues 1 11 _f. 5_ 6 1

E. Relav Review Guidelines (Contieggdl

3c, Inclusion rules for X

cabinets with high and low !

in cabinet amplification
factors ;

i,

'
4. Relay mounting X

5. Relays subject to impact X |
chatter ;

| 6. Similarity criteria for Y

determining ruggedness of
-untested relays :

7. Switchgear GERS cover X

relay chatter
:

F. Seismic Interaction i

1. Effects of fire, flooding, X

and exposure to fluids,
and seismic interaction

(n) affecting distri bution -

v lines beyond first :
anchorage point

|

G. Cable & Conduit Raceway Systems
,

1. Evaluation criteria X,

H. Tanks and Heat Exchanaers

1. Evaluation criteria X ,

contained in GlP, Rey. 1

2. Structural integrity and X !
buckling of tanks

3. Refueling water storage X,

|- tanks (RWST) in PWRs <

1

4. Tanks supported on legs X

and skirts

5. Cracks in concrete near X

tank anchor bolts

.g. 1

' '

_ _ ..
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Status Cateaorv ;

Resolved $L _ _ Ooen ;

(o) Issues 1 11 f 16 ]._ '

\s

H. Tanks and Heat Exchanoers (Continued)
t

6. Margin of safety over wide X

range of parameters- <

1

7. Damping values for X !
determining spectral i
acceleration ;

,

8. Concrete saddles X

9. Shell buckling for _X !

horizontal tanks,

10. Foundation / soil properties X +

11. Sample respc ise spectrum X

12. Coefficient of friction X

beneath tank

13. Location of slotted anchor X

bolt holes in horizontal
tanks%

(d
r

''

14. Height of fluid in X !
I horizontal tanks

| 15. Bibliography X

16. Pad mounted equipment X

17. Shear load on anchorage X
bolts

18. Effect of shear load on X

tank wall buckling

19. Effect of 2 directions of X

seismic motion

20. Use of AISC factors of 1.7 X
and 33%

21. Soil-structure interaction X

(SSI) effect

22. Frequency shifts due to X
partially filled tank

9- ,

;

- , _ _ _ _ . - ._.
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Status Cateoory
.

Resolved A Doen i

(m 1ssues ,,J_ L 3 4 117 :_

H. Tanks and Heat Exchanaers (Continued]

23. Buckling at top of tank X

'24. Penetrations and X

attachments

f25. Anchorage arrangements X

other than chairs
26. Hoop stress due to X

vertical excitation g

27. Slosh heights from low .X
frequency excitation

1. Miscellaneous GIP Topics

I1. Systems engineer X
qualification ;

2a. Qualifications for seismic X

capability member !

engineers

i 2b. Qualifications for cable X
'

tray evaluation personnel

3. Method for estimating X
fundamental frequency of
equipment

4. Audits of plant-specific X,

implementation'

J. Trainino Course

| 1. Approval of training X

program

2. Type of personnnel to take X

training course

4

| n
\

10 -
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Status Cateoory
^' Resolved tut, Onen :

Issues 111 1 5 17 |;

K. Generic letter 87-02 and Licensina Issues ,

1. Plant specific SERs X j-
i

| 2. Applicability of USI A-46 X i
criteria to any equipment
in plant

,

3. Equipment required for X

Reg. Guide 1.97 but not
for USI A 46 *

'

| 4. Equipment operability X

'

| Totals 19R77777

| 88 1 2

| 91
'

O

.

!

.

i

,

|

.%
,
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Page 12
9/21/90

CHECKLIST OF OFEft/LME50tvED !$50E5 IN USI A-45 FuorAAM
HISTORY TABLE

Issue M Positlon/Ccreent* SSRAP Positice/Conneat* 50t5 Pesition/CW* Status
A. Safe Shutdown Eculoment tist ($$ Ell

1. Use of TMI Action Plan Item Peactor vessel level instrumenta- No cweent ([i) * Need for specific
.

position; approve Rev. 1 of GIF
WC to document acceptance of SOUE"!!.F.2 equipnent tion is needed following an instrupentation will f.2

evercooling transient in which the deterwined on plant-specific-
reactor coolant level drops below basis. GIP cha H to list-the lowest pressurizer level ' nstrunents as examplesi
instrument Q:ll.A.2.2) Q:!I.3.4)
4/28/89 - The staf f believes that 5/3/89 - Disagree and cannot 5/3/89 - Olsegree
more use should be made to the TMI accept NRC position which is
Action Plan Item II.F.2 requirement out of scope of 1751 A-86 and
for instrunentation and the reactor not required for safe
coolant inventory measure =ent b shut &wn
particular. Those iter s cognon to
all A-46 plants should be Ifsted in

-

Table 3-2. 61P 3tevision 1. Delete
the footnote (3) of the Table 3-2
and include those items in Item 3
ofTable3-2(JM

5/3/89 - The Staff clarified that
reactor vessel level instrwnents
should be included in the list of
safe shutdown equipment but cet
all 11.F.2 instruments need to be
included

6/15/89 - Need only consider 6/15/89 - The GIP will not 6/15/89 - Resolved in principle.subcooling margin instrunentation. require the use of TMI Action GIP to be revised per 50U6 position -core exit thermocouple instrwnenta- Plan II.F.2 instruments but
tion, and reactor vessel level . will list reactor vessel
instrumentation ({JI) level, core exit temperature,

and subcooling mergin as
examples of .._, . - t

variables to be considered for 9/21/90 - Resolution in Sec. 3.33
PWs ({L) of GIP. #ew. 2

. The ' position /connent taken by NRC 55 RAP and 50' G are briefly sisunartred in this checklist. The full statement of the position er comment is contained
*

J
'}' in the document referenced in parentheses. Changes made in this checklist fran the previous issue (dated 10/10/89) are denoted by a single vertical

line' in the left-hand side of the affected colunri.
..

.
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Page 13i
9/21/90

>

DECK 11ST OF OPEN/tpRESCLVED ISSUES IN USI A-46 FROGRAM
' HISTORY TABLE - '

!

" Issue MC Positlon/Cament* _55 RAP Position / Comment * 500G Posittor/Camurnt* Status

- A. Safe SNtdown Eauf tenent list f 55EL) (Continued)

2. . Selection of preferred safe Esse of perfoming walkdown should Agree with the MC cowent and GIP changed Q:3.0) M C to doewment acceptance of SOUGshutdown path not be given high priority consider GIP change acceptable ~ position; approve Rev. I of GIP
-Q:ll.A.2.3) (14_)

4/28/89 - Staff agrees with the - 5/3/89 - Resolved per GIP Rev. I
stateetinGIPRevision1(!!)-

3. Training procedures for" Should train operators to esse USI Operators s+euld be aware of Event-based procedures are not e t to document acceptance of SOUS
shutting down after earthquake A-46 safe shutdown equipnent which equipment was cualified - now t sed at plants. Srcton- position; approve Rev. 1 ef GIP

during/af ter earthquake (M:5.12,14) based procedures are in use
(L:II.A.2.3)

,

a M provide adequate assurance
.that operable equipment is
trsed Q:II.A.Z.3 and M:S.12).
GIP revised per Q:3.3.8 and
2) to require:

* Utilities to have
procedures written for-

. operation of safe shutdown
equipment, and

* These f-des to be ,
available to the operator
if he trses the plant '
emergency operating
procedures. and

* The shuttbun proc %res to
' be reviewed by the plant
Operations Department to
confirm that only USI A-46
eoutpuent is needed to-

safely shut down -

|

|

L

-
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CHECKLIST CF CPEN/tMRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position / Comment * $5 RAP Position /Caseent* SOUG Position /Ctument* Status

A. Safe Shutdown Eculanent list (SSEll (Continued)

3. Training peacedu-es for 4/28/89 & S/12/89 - Operator S/3/89 - Disagree and cannot S/3/89 - Otsagre. -
shutting down after training for recognizing the accept NRC position since
earthquake (Continued) availability of A-46 equisment is operator training for earth --

- required for each licensee for the quakes is not possible: for
4

i=clementation of USI A-46 example. training for use of.
resolutton Q7, IJ - EQ equipment is not now4

required -

6/15/89 - Staff will ta6e SOUG 6/15/89 - Same position as . 6/15/89 - Open issue. NRC to
posit ten trider advisemnt and above plus it is noted that reevaluate their position and -
reevaluate whether NRC position operator training for specific report results at July seeting

_would require A-4G plants to go events such as earthquakes is
beyond requirements for new plants 'not required for new nuclear

(R) plants (7,[]

.7/26/89 - The NRC Staff accepts 7/26/89. - Resolved per GIP 8ev.1.
SQUG*sposition(2,.5) (Q)

Am. C e pstibility of plant operating Should perfom control rosn No etnuent (),4) GIP changed to require
. positten: approve 81ev. I of GIP

NRC to dscisment acceptence of SOUGprocedures with SSEL walkdown without relying on any Operations Department of plant
equipment not on the $$Et to review SSEL against
(L:11.A.2.4) operating procedures. Control

roon walitdown is one method of
review but others can be used
Q:11.3.3.8)

4/28/89 - The Staff agrees that S/3/89 - Resolved per GIP. Rev. I
each licensee may use its own
approach to verify that the -
procedsres are cegatible with the

wethods used for safe shutdown of
its plant. However, the staff
cects to perform selective audits:
of operating n wMs by
witnewing limited control room
walkdowns to assure that existing
procedures, assisning that only

- equipnent on the safe shutdown
equipment list rennins operable end --

- available for shutdown, will permit-
the recognition of failed systems
and direction to the safe shutdown
path (E)

_
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.9/21/90

CHEtrilST OF OPEN/tMESOLVED ISSUES IN USI A-46 FROGIAP
HISTDRY TABLE

Issue NRC Position /Carunent* $$ RAP Position /Ccument* _ SOUG Posittan/Cament* Statass

A. Safe Shutdown Eautrynent List (SSEL) (Continued)

4b. Documentation of review of piant Results of plant review should te Ageee with astC ctruent (13 GIP. Rev. Z will be changed to SQUG to address G1P. Dev. 2 -
operating procedures submitted to NRC (19:G.2) reasire satyrtttal to include a

statement thet review mes & ne
by Operations Deport e of
plant

4/28/89 - Results should be $/3/89 - GIP will be expanded S/3/89 - Resolved M principle.
sutrrittad for NRC review eH/or to include guidelines for GIP to be revised

'

audit (W &cumentiag procedure review
9/21/90 - Resolution in Sac. 3.7 ef
GIP. Rev. 2

S. Basis for excluding NSSS Justification for emeluding MS$$ No cerernt (14) Major #SSS equipumt is out of NRC to provide bests for safety .
equipment equipment from scope of USI A-46 scope of USI A-46 Q:II.A.Z.5 concern in escluding me}or WSSS

not provided in GIP (If - e,d 3;3.2.1). No change to equissent fran scope ef USI A-86
GIP is eccessary.

4/28/89 - Not e&ressed at this 'S/3/89 - GIF to be revised to S/3/89 - Open issue. Cel* erie to -
t hne (W provide bests for excluding . be developed by SQUG

NSS$ equipment

12/3/89 ~ Ferwerded position - 12/3/89 - Open issue pending IEC.'-

paper to NRC providing basis review end acceptance of SQuG
for ewelusion of itSSS ' position paper,
equipment from scope of USI
A-46(Q)

'

12/12/90 - Several preliminary 12/12/89 - GIP. Rev. 2 to be 12/12/89.- Resolved in principle.
ctyunents provided but overall there : revised to clarify boundary of GIF. Rev. 2 to be revised to
was no mejor concern with SQUG*s NS$$ equipment (H)- incorporate SQUG*s position (lg)position (33

9/21/90 - Besis for enchsding NSSS
prowided in Refe-ence R.

.

,

*

Resolution incivded tn Sec. 3.3.2
i of GIP. Rev. 2.

. .

.

8 ma v
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9/21/90

CHECKLIST OF OPEN/LsRESOLVED ISSUES In 175I A-46 PROGRAM -

HISTDRY TABLE '

._;

1ssue mRC Positloa/Connent* SSRAP Position /Commsent* SGuG Posittan/Camment* Sh

A. Safe Shutdown Ecutanent List iSSEL) fContinued)

6. Boundary of CRD mechanism Not all portions of CRD rechanisms #o covent (14) Those portions of the CRD SOUG to revise GIP to cleerly
s%uld be excluded from scope of mechanism attached to the ' define boundery of CRD sechenism to
1751 A-46 (14) outside and leside of the exclude frae scope

reactor vessel are excluded :
fran scope (14)

4/28/89 - Not addressed at this S/3/89 - GIP to be revised to 5/3/89 - Open issue. - Criteria to
tim (17) clarify boundary of NS$5 - .be deveicoed by SOUE

equipment-
..

9/21/90 - Basis for enchsding mejor ;
items of RSSS equipment provided in
Reference E. Resoluttoe included
in Sec. 3.3.2 of GIP. Rev. 2.-

7. Cast iron sak es, fittings, etc. Should look for cast iron Not considered likely to be in. none
equipment in the safe safe shutdoun systems ( @:0.3
shutdown systems (10_:0.3 and and 10:5.9]. no change to GIP
10;5.9). Agree that such cast. is necessa g
iron equipment is not likely
to be in plant but if it is -

found. then action should be-
-takentoaddressit([4)'

4/28/89 - If the cast iron . 5/3/89 - GIP will be revised S/3/89 - Resolved in princtple.
equipment is found in the A-46 .to clarify that it is not GIP to be revised
scope, it should be specifically necessary to spacifical y look
evaluated for seismic adequacy (7)- for cast iron equipment, but

-.

that SRTs should not itpore
obvious use of it and if found .
should evaluate its seismic
adequacy.

._

9/21/90 - Resolution in App. 8.7.1
8.7.2 and 8.8.1 of GIP. Rev. 2 :

,

. , _ _ _ _ ___ .. _ _ _ _ . _ , _ . . _, _ ._ _ _ . . . _ . _ _ _ . _ . _ . _ _ . _ . . . _ _ . . . ___
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN llSI A-46 PROGRAM
MISTORY TABLE

Issue IWIC Position / Comment * SSRAP Position /rmt* SQE PositionKament* Statm

A. Safe Shutdown Ec9fment t *st (SSEL) (Continued)

' O. Definition of hot shutdown GIP allows PndRs to be brought to No cow =ent (E) Based on discussions with the 1stC staff to discuss intent of
het standby whereas intent cf NRC staff wno wrote HUREG- NUREG-1211 and reech consensus.
NtRES-1211 ts for plant to be 1211. use of the term " hot
brouet to hot s%.:tdown. i.e.. shutdown" was seant to allow
below about 300'F @ plants to be brought to a

suberitical shutdown condition
4/28/89 & 5/12/89 - Replace the 'above cold shtrtdown .
definition described in Section 3.3 tewatures, i.e., above
of GIP Revision I by the following: 2007. . No change to GIP is
" Hot shutdown is defined in the considered necessa g
Technical Specifiestion cf each
plant, and typically for PldR. it 5/3/89 - Disagree and cannot 5/3/89 - Disagree-

- requires the -eactor to be subcrl- accept NRC position which is-
tical (i.e. reactivity condition . hconsistent with SER on

;K,ry less than 0 99) and av= rage Rev. O aM with intent cf GL
reactor coolant temperature above 87-02;

200T and less than 3507~. (E.
l.8) .

'5/3/89 - Staff identified their
position to be that the safe
shutdown equipnent 1tst does not
have to include long-term residual
heat removal (Rift equipment).
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CHECrt!ST OF OPEN/ UNRESOLVED ISSUES IN USI A-45 PROGRA'l '
HISTDRY TABLE

Issue NRC Position /Conneat* SSRAP Positlon/ Consent * SmNi Posttion/Caument' $tatus

. A. Safe Shutdown Eauirynent tist (SSEL) (Cetinued)

6. Definition of hot shutdown 6/15/89 - Intent of staff is to 6/15/89 - There is a wide 6/15/89 - Resolved in principle
(Continued)~ have PWRs lower their tegerature variation in the A-46 plant's with the following:

and pressure wittin 72 hours to the Tech. Spec. definitions of hot
point where Rift ewipment could be shutdown. Use the Tech. Spec. Comeromise Resolution:
used but not require RHR equipment definition of hot shutdown but-
to be included on the SSEL. It is allow piants to cool down Require the plants to cool down to
not the intent to require plants to ' further if desired. Some: . their Tech. Spec. definition of Hot
cool down faster than their plants may not be able to cool Shutdown within 72 hours. Can cool
original design capability but down to hot shutdown within down to a loner tenverature ifthose plants which cannot cool down 72 hours because they were not desired. RHR equipment need not be
to hot shutdcun within 12 hours originally designed to do so included on the SSEL. It is not
should discuss this with the staff. without offsite power. the intent to require plants to
Tentatively agree with Comromise Tentatively agree with the cool down faster then thetr
Resolution. Cogremise Resolution original design cagwbility. If

plants can not achieve hot shutdown -
within 72 teurs, report to NRC as a
part of the A-46 iglementat ton ..
report.

7/26/89 - The NRC staff accepts 7/25/89 - Resolved-in principle.
the Compromise Resolution (Ud (ZJ

9/21/90 - Resolution in Sec. 3.2.3
of GIP.' Rev. 2

.

T
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position / Comment * SSRAP Position /Consient* SOUG Position /Ctzsent* Status
8. Earthouake Experience Data Base

1. New equipment addad to s m eric ~ Newly manufactured" equipment not Jucky,ent of SRT can be used to New equipment with design NRC to docunent acceptance of SQLSseismic experience data base a part of data base unless include new equiprnent if it features similar to equipment posittori; approve Rev. I of GIP
reviewed by NRC ( b il.8.1.1) clearly has the same features in data baw can be

as the equiprent in the considered a part of the data
experience data base. If base based on judynent of SRT
there is any question, the NRC (DII.B.I.1) No change to
must review the question ( W GIP is necessary

4/28/83 - Judg,ent of SRT may be S/3/89 - Accept NRC position S/3/89 - Resolved per GIP. Rev. I
used. However, the NRC will audit
plant specific implementation of
USI A-46 and may evaluate this
specificaspect(W

2. SSRAP bounding spactrum Open issue pending NRC staff review The SSRAP bounding spectrum is SSRAP bounding spectrun is hRC to conplete review of $$ RAP
and acceptance (b !!.8.2) acceptabletoSSRAP(W ' acceptable - report (W and either doctrent

acceptance of S$ RAP bounding
spectrwn or provide conments

4/28/89 - Not atifressed at this _ S/3/89 - Open issue. Criterla-
. time (W being evaluated by NRC. NRC to

provide their position to

SQLG/SSRAP by 5/18/89 meettng

S/18/89 & 6/8/89 - Bounding 6/14/89 - SSRAP peovided basis 6/14/89 - Open issue. feRC
Spectrum ts considered adequate- for use of Scunding Spectrwn- evaluating basis and will provide
encept for use with MOVs. Basis forMOVs(Q) position at 1/26/89 seetingfor using 60% of $$ RAP reference
spectrum for MOVs not estabitsbed
(19. W

- 7/26/89 - Use of 0.6 factor with 7/26/89 - It is $$ RAP's strong 7/26/89 - Concur in SSRAP's 7/26/89 - Open issue. IIRC to
Bounding Spectrus for MOVs is not technical judgnent that position {{S) reconsider $$ RAP /SQUG position
justified from a strtet cunparison further reduction of spectrwn including technical bases for
to seismological data. Request for MOVs is inappropriate (Q) judynent in addition to use of
pipe stress data for valves with seismological data. SSRAP to
operators (Q) . provide pipe stress data for valves

withoperatorsforNRCreview({})
9/13/89 - NRC Staff accepts 9/13/89 - Resolved per GIP Rev.1
50VG/SSRAP position ( Q) ({j)

__ .. __ _ - . - _ _ .__ _ _ _ _ _ . - _
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN tJSI A-46 PROGRA.w

HISTORY TABLE

Issue NRC Posit fea/Coment* SSRAP Position / Comment * SOUG Position / Comment * Status.
C. Test Eroerience Dats Base

1. GERS levels BNL has proprietary test data which Vill review any BNL data in All known conflicts have been NRC to obtain BNL dets to cowlete
indicates GERS for some classes of conflict addressed and resolved (4) review of GERS and ettPer docweet
equipment may be too low acceptance of SQUG positic's or
(1:ll.C.2.1) provide comunents

4/28/89 - The criteria for S/3/89 - HCLPF and GERS should S/3/89 - tesolved in princtple.
determining GERS screening levels gtve equivalent results when GIP and GERS reports to be revised
should be based on "HCLPF" value each is (bne properly. If so state that the approech used to
corresponding to a high (95%) there are differences, then ganerate HCLPF and GERS should give '

confidence of a low (5%) the reason for the differences equivalent results. NRC egreed to
probability of fatture frtra the s'ould be determined and provide any additional BNL dets for
available data base (l[) resolved consideration in GERS within 3

nonths (7/31/89) so that the GERS
warit can be finalized -

5/18/89 - BNL connents on GERS
Supplement No. I and BNL report
with SVGR data provided to

-
SQUG/SSRAP(Q

6/13/89 - Meeting between BNL. NRC. 6/13/89 - Open issue. NRC/SQUG to
ANCO. MPR. SG is needed to compare evaluate BNL data for
BNL test data to GERS ({1) appitcability dsring 7/11 -

7/13/89 meeting

7/26/89 - Accept Compromise
Resolution incorporating BNL data . 7/26/89 - Accept Conprtynise

1/26/89 - Accept Cmproeise 1/26/89 - Resolved in prtnciple in
Resolution incorporating ENL Resolution incorporatirq BNL accordance with Comromise

(25) data (G data (W Resolutton below ({S,)

tomerosise Resolution: - MCCs with integral. welded base channels: GERS e 3.Sg
- MCCs with external base channels attached with 3/8" dieneter or larger bolts: GERS = 2.5g
- LV SFA to have caveat identifying acceptable manufacturers
- MV SWGR to have caveat requiring breaker position sechanism
- MV SWGR without internal inspections: - GERS = 2.Sg
- MV SWA with inspection showing no problem with support of internal devices: GERS = 3.0g

9/21/90 - Resolution in App. B.1.2.
B.Z.2. and 8.3.2 of GIP, Rev. 2

,
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CHECKLIST OF OPEN/UNDESOLVED ISStES IR 1751 A-46 PROGRAsi
filSTORY TABLE

Issue NRC Poo tion /Conment* SSRAP Position /Couement* SQUE Position /Caussent* Statass

C. " Test Exce-ience Data Base (Continued)

2. GERS vintage - Test data tased for GERS is based on Resolved per (4) subject to Resolved per (4JetC to obtain -
- recent models of equi; ment which confirmetton that BNL does BNL data to cowlete resteu of
may b= nere ruggad than earlitr not have any data which ERS and eitW document -models used in A-46 plants contradtets the 4G spectral acceptance of SQUG position or
Q:11.C.2.2) levels for MCCs given in this provide co==ents'

report

4/28/89 - With the staff position 5/3/89 - Resolved in princip h.stated in C.1 above the staff will
- assice the ERS vintage issue is ' GIP and ERS reports to be revised

to include any dets me* availabh .notaproblem(]])
in the next 3 months es areed in -
Issue C.1 above

9/21/90 - Resolution in App. 5 ef
GIP, Rev. 2

3 GERS for distribution pawi - There stould be different GERS for Resolved pee (4) Resolved per (4J NRC to conclete review of ERS (4)boards and switchboards these items Q:II.A.2.1 and and either doewent acceptam of .. };11.C.Z.3) SQUG positlon or prowide essents

4/28/89 - The GERS for these items 5/3/89 - Resolved in princip k.
should be determined based on the
staff position described in C.1

- GIP and ERS reports to be revised -
to include any data me* availabh .

- above (if7) in the nemt 3 months as agreed in
Issue C.1 above

. . 7/26/8*'- Accept Corp- ~ 7/25/89 - Accept Concronise .,T/26/89 - Accept Compra =tse ' T/26/89 - Resolved in orincipk es'
- Pesobtion (23 '

;

Resolution (@ Resobtion(U) follows:

Coraraurtse Resolutlon:

Switchboerd ERS to be reduced frse
5.0g to 3.39 Pannelboerd ERS to
reneinat2.59(ZS
9/21/90 - Resoktion in App. B.34.2
of GIP. Rev. 2

'
-

4
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CHECKLIST OF OPLW/ UNRESOLVED ISSUES I4 USI A-45 Fe0 GRAM
HISTORY TABLE

Issue NRC Position /Coment* $$ RAP Position /Coment* SSE Position /Ctsment* SM =

' C. Test Eroerience Data Base (Centinued)

4 Westinghouse test data in 12/5/88 - Y letter to NRC objecting 2/7/90 - Use of the GERS is an Z/2/90 - Open issue. WC and SOUG
- potential co,flict with GERS to Staff use of GERS as sumery integral part of the 57JG to seek wys to resolve issue (ll)

'

data containing proprietary accroach for resolution of USI
Westinghouse information (l,2) A-46(ll)
4/11/90 - Westinghouse withdrew 4/I*f 4 - Open issue pending detail -
objection with the understandleg couverison of Y test dote and GERSthe E could work with SQUG. SSRAP,
and NRC to resolve apparent
confitets between E test data a d
GERS(3J

7/10/90 - EPRI/A9CD non-relay GERS 7/10/90 - EPRI/ANCO non-relay 7/10/90 - EPRI/ANCO ren-relay 7/10/90-OpenissuependingWJSQUGreport is acceptable subject to GERS report is acceptable GERS report dated 4/90 sent review eM resolution of esperent
inclusion of editorial comants afd subject to inclusion of for review. Editorial confilets with GERS. All other*

resolution cf apparent confilets editorial cements and cets will be included in issuesresolved(19 -

with Y test data (1}J resolution of app & rent report. SQUG/EPRI/A4CO to
confilets with W test data work with Y to sort through Y
(3, SJ test data and resolve apperent

conflicts with GERS tij)
9/21/90 - Open issue pending WJSOUG
review end resolution of apperent-
confItcts with GERS

,

9
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CHECKLIST OF OPEN/UNRESOLVEIr ISSUES IN USI A-46 PROGRAM
HISTORY TA8LE

Issue NRC Position /f m t* SSRAP Positton/ Comment * SQUG Posittan/Cament* Status

D. Axhorsoe Guidelines

14. Visual inspection of expension "A11~ expansion anchor bolts should Concur with SOUG (IJ The word "all" refers to only NRC to document acceptance of SOUG
anchor bolts be visually inspected those bolts reautred for position

Q:I I .0.1.1.a ) . Concur with SOUG. adequate anchorage
subject to the SRT considering Q:!I.D.1.1.a.1).
seismic load reversals. See Issue
D.I.b (13

4

4/28/89 - All expansion anchors 5/2/89 - Resolved in princtole with -
should be visually inspected except use of the folicuing words:
when there is an eccessibility
problem (See NRC Generic SER dated "All accessible anchorages =tti be '

-July 29,1988. p?ge 22) (W wisurlly inspected. Inoccessible.'
' anche ges ejgt required for
strenp h/ distribution need sjg),be
inspected. Inoccesstble/ obstructed

anchorages required for strength /_-
distributson =111 he inspected by -
the SRT on a best effort bests
=tthnut resorting to egulpment
disasseiely, removal, etc."

9/21/90 - Resolution in Sec. 4.4.1
of GIP,liev. 24

lb. Seismic load reversals for . Seismic load reversals should be GIP will be changed to require .50LE to revise GIP, Rev. 2
expansion anchors considered when evaluating edequacy the SRT to corsidee the effect

of expension enchors (1J3) of seismic load reversals (1})

; 4/28/89-Staffconcurs(j]) 5/2'39 - Resolved in principle. '
GIP to be resised

9/21/90 - Resolution in Sec. a.4.1, ;

Checks 6 and 11 and la App. C.I of
GIP, Rev. 2.

.
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CHECKLIST F OPEN/ UNRESOLVED ISSUES 14 tlSI, A-45 FROGRAM
NISTOPY TABLE

Issue NRC Position / Comment * SSRAP Position / Comment * SCIE Position /rm* Stabas

D.'Anchoeace Guidelines (Continued)
_

2. Samling rate for tightness 100% of e pt,nsion anchor bolts Concter with $7JG to accept For inaccessible anchorages. SQUE to revise GIP. #@v. 2. IEEC to - t

checks of espansion anchor should be tightness ctecked fo- inaccessible anchorages if engineering judpueat can be document acceptance of SQUG
-bolts cabinets with essential relays end . sagte of accessible used to assess adequacy based position

for enchorages using a safety - anchorages are consistently- en the accessible sample .
factor of 2. Sampling of tightness tight (1l) tested for tiohtness (b4.4.2_

and 1:4.4.2.2). GIP will becan be used for all other
expansion anchors based on 95% changed to require the SRT to .
confidence of no more than 5% non- first try to use the -
confoming bolts (1:D.1.1.c. conservative anchorage
1:D.2.1.a. and 8J. Concur with criteria or perform tightness
SOUG Q1) checks during a refueling.

cutage before relying on
engiwing jud! Pent. Basis .
for engineering judyuent

i .

should be doeurnented (Q)

. 4/28/89 - The staff agrees with the 5/2/89 - Resolved in princ6ple.
SOUG if it is e last resort 49d the GIP to be revised

-'samle of accessible anchorages
irdicates consistent tightness and .
basis for engineering judgrent .

- should be dotwented ([Z)
!

9/21/94 - Resolution in Lec. 4.4.1.
Check 4 and App. C.2.3 of GIP;
Rev. 2

-

!

-

t

4
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' CHECKLIST OF CPEW/UNoE50tVID ISSUES IM 151 A-46 FROGRAM
MISTORY TABLE

Issue NRC Position /Coment* 55 RAP Position /r - t* SuuG Position / Comment * Status

D. Anchorew Guidelines (Continued)

3. Torque to be used for tightness should use menufacture-s* Concur with SQUG (11) A " wrench-tl@t" torque check EPRI/UR$/81we to contact
checks of erpansion archor bolts recerwie ided torque for setting (i.e.. about 20% of seaufacturers and ask for *ecse-

bolts to assure that the bolts have installation torque) is cendations ([3)been properly set (9,1~ considered adequate to provide
reasonable assurance that the
expansion anchor is not loose

in the hole. Capacity test
not intended Q:4.4.2.2)

4/28/89 - The staff agrees with 5/3/89 - Open issue- SQuG to
500G approach ( W consid-r saneling of older,

installed bolts. 554AP to5/3/89 - Staff changed position out ' investigate IC80 and other
of concern that manu'acturers infometion on this topic
recewmend use of 100% installation
torque for checking tightness

>

5/18/89 & 6/8/89 - Staff accepts 5/18/89 - 50tG re-evaluation 6/14/89 - Resolved in principle.
: use of " wrench tight" torque if concludes 20% torque is GIP and EPRI report to address
bolt does not turn more then 1/4 appropriate ())) *ssue

. turn ().9) (2_2)
9/21. .,0 - Resolution in Sec. 4.4.1.
Check 11 and App. C.2.3 of GIP.
Rev. 2

~

Shear-tension interaction .Use strai@t tine shear-tension ConcurwithSQuG'().3) -Bilinear shear-tension NRC te docwient acceptance of SQUG _4
formulation for cast-in-place interactionequation.Q:D.I.2.b)" interaction formulation has. - position; approve Rev. I of GIP
bolts and headed studs adequate conservatism '

Q:II.D.!.2.b). Sto change to
GIP is ne'essary.-c

: 4/28/89 .- The staff agrees. To 5/2/89 - Resolved per GIP. 8ev. I
provide unifomity, the bilinear .

: relationship can be applied to all
anchorages (11)

- ~_ -_ _ . _ , - . < - . _ . - -_, .- - _ - . - . . . , _ _ . . _ -. __ _ - . __. ,. ~ . . _ - . _ ~ . . _ ...__. _ _ .. .
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM -
HISTORY TABLE-

, .

t

issue IIRC Position /Connent* $5 RAP Position / Comment * $Mf6 Position /Ceument* Status

.D.AnchoraceGuldelines(Continuedl,

5. 89adified.' replaced or new Should use current licensing Concur with NRC fl4) NRC pesitim is inconsistent NRC to doewment acceptance of. SQUE I
anchoregas criteria and procedures for desion

_

with G1. 87-02. Licensee position
of new equipment anchorage i.e. should have option of using
reduced factors of safety in GIP USI A-46 criteria for new
can not be used Q:D.1.3 and- installations Q:II.D.1.3 and
DD.1.5andZ) Q:II.D.I.5)-
4/28/89 - Current liceasing 5/2/89 - Agree that factor of 5/2/89 - Resolved in principle.-

- criteria aad procedures stould be safety of 4 should be used for GIP to be cla-ified as given in -
- used for modified replaced. or new new and modified anchorages. ' 500G*s position
anchorages.'i.e.. reduced factors but cannot agree to more -
of safety in GIP cannot be used general revision that plants
(11) use " current Itcensing -

2.- criteria"

9/21/90 - Resolution in Part I.
Sec. 23.4 of GIP Rev. 2 .

6. Damping values for determining GIP rot consistent with $5 RAP Position is stated in $5RAF GIP changed per Q:C.3) - NRC to doewment acceptance of SOUS
spectral acceleration report (l;D.2.1.b). Resolved (Q) report (13 position; approve Rev.~1 of GIF '

~ 4/28/89 - The Staff agrees with . 5/2/89 - Resolved per GIP, Rev.1 --
those described in GIP Revision 1 ~

(II)

;

4

_

- k

-

- ..

.
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CHE011ST OF OPEN/ UNRESOLVED ISSUES Ill USI A-46 PROGRAM
HISTORT TABLE

Issue NRC Posit fon/Corement* ' $$ RAP Position /Comert* '50UG Positiswi/Camer:t* Status

D. Anchoraw Guidelines (Contimsd)

7. Wall-ecunted cabinets and Provide guidelines for anchorage No cownt (I ) GIP changed per (1:4.4.1). SQ'JG to revise GIP, Pev. 2. _11RC to.Jpanels Q:D.2.2). Resolved (8 and JJ) ' GIP, Rev. 2 to include en doctrent acceptance of SQUG
erample(}J) positton

4/28/89 - The staff agrees with the S/2/89 - Resolved in principle. -?
SOUG approach (II) GIP.to be revised-

9/21/90 - Resolution in Sec. 4.4.3 -
under " Seismic inertial Anchor
Loads" and in Sec. 4.4.1, Check 4 .-
of GIP. Rev.'2. Note thet
Appendix C no longer includes
example calculations of cabinet
loads on enchors.

8. Computer codes Open pending NRC staf f review and No counent (!J) Co m uter Codes considered as NRC to complete review of codes and
*

acceptance as validat-d and inplementation tools for SRT either document acceptance of them
verified codes Q-D.2.3 and Q) or provide cog =ents

4/28/89 - Not addressed at this - 5/2/89 - Open issue. Criteria
4

t ime (W . given to NRC just prior to meetiny
_ are being evaluated by NRC

S/18/89 - For EPRI/81ume Anchorage' 5/18/89 - Neutral axis to be ' 5/18/89 - Use of EBAC resolved in
Code (EBAC). guidance should be .

when using EBAC unless SRT reflect SQUG positlon. Use of ~
at the centroid of the base principle. ~ EBAC manual and GIP to

provided on selection of neutral

axis location. For S&A code 'provides justification for a. ANCHOR is an opan issue subject to
( ANCHOR), Revision 1, there are no different location ($ NRC review of Rev.' 2
.significant coments. Staff is
reviewing Revision 2 (19)

6/8/89 - ANCHOR 2.0 is less ..
conservative than ANCHOR 1.0 and

.EPRIanchoragecriteria.{{{J

6/13/89 - Snft! considers ANCHOR 2.0 '
f

'tobetecfviicallycorrect({4)-

, _ _ ~ . - -- . - _ - . . - _, .. ~ . . - ,, . - . . - - - - . - . . . - - - , - . - - - _ . - _ . . - . .
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CHECKLIST OF 0 FEN /U!iRESOLVED ISSUES IN USI A-46 PROGRAM -
HISTORY TABLE

-

tssue NRC Position / Comment * SSRAP Position /Camment* SOUE Position /Caument* Status

D. Anchoraoe Guidelines (Continued)
4

* 0. Carvuter codes entinued) 7/27/89 - Request confirmation that 1/27/89 - ANCHOR 2.0 uses EPRI 7/27/69 - Use of ESAC resolved in
EPRI shear-tension interaction is bi-lineer shear-tension principle. EBAC menue) and GIP to
used in ANCHOR 2.0 (2J interaction equation as the recaurid centroid as neutral auts.

default value (U) Use of ANCHOR 2.0 resolved per -

)7 -
ANCHOR users menue) (g)

9/21/90 - Resolution of centroid "
issue in Sec. 4.4.1. CNeit I end in.
Sec.' 4.4.3 undev *' Seismic Inertial
Anchor Loeds" of GIP, Rev. 2,

_
9. A * guacy of cabinet anchorage More guidance is reeded in the GIP ' No careent (IJ . GIP was changed to include' NRC to document ac w ptance of SOUG-

stiffness Q D.2.4 and 8_) guidelines contained 6n $$ RAP - position; approve Rev. I of GIF-
report Q:4.4.2.3).

4/28/83 - The staff finds the 5/2/89 - Resolved in principle;
information provided in GIP' GIP to be revised to estimete
Revision I for typical size cabinet effect of anchorage stiffness on
adequate. However, a simpilf fed natural frequency of heavy -
and practicaI method of estlosting equipment -
the inpact of anchorage stiffness,

on the fundamental frequency of
- heavy equipment (e.g., vertical
puvs) should be developed for use

L in the USI A-46 inclementation (11)
.

9/21/90 - Resolution in AppI C.! of_.
GIP, Rev. 2

10. Enbednent length for expansion :Some brands of expension anchors Concur with NRC (1)1) GIP to include lengths of .SQUG to revise in GIP, Rev.-2:

anchor bolts for certain diameters came in acceptable expension anchors
different lengths. The GIP should
address this Q:D.2.5 and 8_)

4/28/89 - Not addressed at this 5/2/89 - Resolved in principle. GIF -
time (1,[) ' ' to be revised -

9/21/90 - Resolution in Sec.-4.4.1.'
Checit 5 and in 6, C.2.4 of GIP,
Rev. 2 ~

_ :
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CHECKLIST OF OPER/ UNRESOLVED ISSUES I4 USI A-46 FROGPM
HISTORY TABLE

Issue NRC Position /Comunent* 55 RAP Position / Comment * SEE Position /Coment* State s '

D. Anchorace Guidelines (Continued)

II. Ente: bent length for cast-in- G!P should require that the minimten Concur with NRC (1,3) GIP changed per Q:C.2.9) NRC to decoment acceptance of 5006place bolts eneecheet length be verified as a position; approve Dev. 1 of GIP -

i
~ part of the anchorage evaluation

(9_)

4/28/89 - The ente +ent depth 5/2/89 i Resolved in principle.
shovid be checked by reference to GIP to be revised to require check
drawings or by ultra-sonic testing of ente $=ent length from drawing.
(13 UT. or other means

9/21/90 - Resolution in Sec. 4.4.1.,

i Chack 5 and in App. C- ?J o' GIP.
Rev. 2

12. Tables in G1P for grouted-in- Not included in EPRI Anchorage . - Will complete review when EPRI Material presented to NRC and 55 RAP to complete review of
place bolts. interaction Report. This is an open issue anchoeage report is revised NRC/55 RAP per (IJ' the GIP Rev.1 (1) and the meterial 'equations. and weld allowables pending NRC staff review and (_l3. ,14) from (1]) and either decoment -. acceptance Q:!I.D.2.6 and 8_)- . accept w ? of SQUG posttien or.

provlo. sonsnents

4/28/89 - Not addressed at this 5/2/89 - Resolut o in principle.
time (ll) - tRS to justify 10% tensile strength -

9/21/90 - Judrent and 9/21/90 - EPRI/URS anchorage report
experience used to select a to doewent SOUG position in nest
capacity reduction factor of revision. Factor of 10
10 for gemted-in-place bolts incorporated into App C.5.1 of;
without special installation GIP. Rev. 2
s46.

g .-
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CHECKLIST OF OPEN/UWESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABCE

Issue NRC Positioa/Coment* 55 RAP Position / Comment * $0UG Position /Camment* 5tatus_

D. Anchorece Guideltnes (Continued)

13a. Edge distance and bolt Open pending W C staff review and No coment (14.) No couruant (14) W C to em elete review of GIP
spacing for adjacent acceptance (D II.D.2.7 and 8_) Rev.1 (1) and eitter doewment
equipment acceptance of SQLG position in GIP

or provide comments

Eligehausen test data indicates the Concur with SOUG (ll) Eligebausen test data was for NRC to complete review of vuotertal'
bolt spacing and the distance to an

_

shallow e4eMents. nAen and either document acceptance of
edge effect tensile capacity (9J embesent effects are SQUG position or provide comempnts >

accounted for. EPRI criteria
are stl11 valid (2). No
change to GIP is necessary.
See Topic 14 for discussion of

re-analysis of Germen data

Proximity of other .4,w eg, Concur with NRC (11) . GIP to include guldence for .-

(e.g., pipe supports) could lower checking prontatty of other
strength of eculpment anchorage ($ - anchorages (9J

4/28/89 - See coment in Item D.13b 5/2/89 - Resolved in principle.
G1P to be revised per SQUG position

9/21/90 - Resolution in App. C of
GIP. Rev. 2 for all types of
anchors covered by GIP-

136. Edge distance and bolt - 4/28/89 - Staff endorses the 30- 5/3/89 - The 30 failure cone 5/2/89 - Resolved in principle.
. spacing in general cone concept for assesstoo the applies only to shallow GIP and anchorage report to be

spacing and edge distance affects embehents. This corrern is revised as described by 5Q95 f

on the tensile strength reduction . resolved by SQUG adopting a . . position. - tR$ to send besis for .
of multi-anchors (ll) minimum embedment length for rechetton factor eoustions by._

cast-in-place bolts of 4 tim 5/11/89
the bolt diameter or 3 inches,
whichever Cs greater. Eded-
ment length is defined as the
distance from the concrete
surface to the surface of the

-bolt head closest to the _

cencrete surface
_.

9/21/90 - Resolution described in -
EPRI/URS anchorage report and
incorporated l edge distence
criteria in App. C of GIP Rev. 2

. ., . . - . _. .. . . , ~ - . . - . ....~._,-._ _ _. . _ _ . . _ .- _ . . - . - . . _ , _ . _ . _ _ _ . _ _ _ . -. . _ ~ _ . .



-- g

!v/ ( }

%j

'PagE 31
9/21/90

CHECKLIST Cr DPEN/tP8 RESOLVED ISSUES IN USI A-46 PROGPAM
PISTORY TABtE

issue NRC Position /Coment* SSDAP Posit ton /Connent* SOUG Position /Camment* Status

D.Anchorace Guidelines (Coatinued)

14. German anchorage test data SQUG should review this test data Concur with SQtG (5 and If Re-analyred data shows there MC to couplete review of meterial
and modify GIP wh> * necessary is 98% non-failure probability in (1 or [3) and either cbcument
(l:II.D.2.8). Ope pending NRC for various e h ts (5 and acceptance of SQ'JG position or
reviewandacceptance(8_) 13). No change to G;P is provida coments

necessary

4/28/89-SameasD.13(W S/2/89 - Resolved in principle.
GIP end anchorege re,crt to be
revised as agpropriate in
conjunction with Issues 0.13a and

D.13b

9/21/90 - See resolutions
associated with Issues D.13a and
0.13b

15. FCI handbook Some SQtG plants may have used this no coment (W GIP guidelines do not rely on NRC to co@lete review of GIP Rev.
handbot* (L:II.D.2.9). Open this handbook ({:II.D.2.9). 1 (1) and eithee documentpending MRC staff review and No change to GIP is necessary acceptance of SQ8JG position in GIP
acceptance (8_) or provide coments

4/28/89 - Since the PCI criteria S/2/89 - Resolved per GIP, Rev. I
are not used. this issue is moet
(W

16. " Direct method" of generating Open issue pending NRC staff review No ccreent (W GIP to note that generic use SQUG to revise GIP, Rev. 2. NRC toin-structure response spectra and acceptance for g1meric use of " direct rethod'* has not doctrent acceptance of SQUG
(L:II.D.2.ID and 8J. Resolved (W been accepted by MRC but may position

be accepted on a plant-
specificbasis(W

4/28/89 - Its use must be reviewed S/2/89 - Resolved in principle..
onacase-by-casebasts(W GIP to be revised per SQUG position

9/21/90 - Resolved by deleting
reference to Direct Generation
Method in Sec. 4 of GIP Pev. 2

_ _ , . - .- _ __. . . _ _ __._. ._ __ _ . . _ . _
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CHECKLIST OF OPEN/UNRESOLvtD ISSUES IN US1 A-46 PROGRAM '
HISTORY TABLE

i

Issue NRC Posit ton /Coment* SSRAP Position /Comeat* ' SOUG Position /Cament* Status

D. Anchorace Guidelines (Continued)

17. Factors of safety and cracks in Crack widths of 0.01 in. to 0.02 Saw concern as NRC Q and 1). Increase FS to 4 for non-shell EPRI/URS/Blume to further evaluete,

concrete in. can cause up to 50% reduction To cover crack issue for erpansion anchors for crack cracked concrete test esta. SQUG
of tensile capacity (9_) widths up to about 0.02 inches widths greater then 0.02 and NRC to evaluate $$ RAP suggested

and to cover a rw ber of other inches (l]3) revision to TS for non-shell
minor issues, increase FS to 3 ew. pension enchors

"for non-shell expansion
anchors without use et 1.25
factor of conservatism (13) ~~

4/28/89 - Staff accepts a Factor of 5/2/89 - Open issue. Criteria
Safety of 3 but rejects deletion of given below being evaluated by NRC.
the 1.25 load factor to account for Note two itens of dis + _." with,

the effects of cracks (s0.02 tech) SQUS (Factor of Safety for shell -
in concrete for non-shell expansion empansion anchors neer hairline
anchors. For cracks greater than . cracks and Facto * of Safety for
0.02 inches, a separate evaluation cabinets with relays)
should be made (|7)

'
Factor of Safety for Exoanston AncMrs Near [ racks

Shell Non-Shell

Hairline cracks (< - 20 mils) 4 (NRC) 3 (SQUb) 3
* Jracks - 20 mils 4 4
- Cracks > - 20 mils outlier outlier'

'

Or=wnd Factor (Multiplier ora demand acclied to all anchoraaes)

* Media Centered Spectra 1.25
- Conservative (SRP) Spectra 1.0

. Tensile Strength Per EPRI/tRS Report: GIP, Rev. 1

Inspections - Sample " Per issue D.2 resolution
- Torque Wrench tight per Issue D.3 resolution -

Relav Cabinetsi - SOUG Positioni No special check or dif ferent factors of safety.-
- NRC Position: Minimum factor of safety of 4 for cabinets with relays.

4

.e,%- .r -v e a .'
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CHECKLIST OF OPEN/tMESOLVED ISSUES IN 115I A-46 PROGRAM
HISTORY TABLE

EC Position / Comment * SSRAP Position / Comment * SOUS Position /Camuent* StatusIssue _ _

D. Anchoraoe Guidelines (Contint. t

17c Factors of safety and cra As in S/18/89 & 6/8/89 - Same NRC S/18/89 - Same SOUG position
" concrete (Continued) . position as above except use FS=3 as above except use Demend

for shell and non-shell expansion Factor of 1.0 for all spectra

anchors in concrete with cracks (19)
<- 0.010 inches near fewer than 50%
of bolts. tfse FS=4 when cracks
<-0.010 incies are near more than
50% ef bolts or when cracks are
0.010 to 0.020 inches wide {}9)(2W

6/14/89 - Disagree but util 6/14/89 - Resolved with
accept MC position ($ | disown _.~.1 for ?mpension anchors.

GIP and EPRI report to be revised
,per NRC posttlan. SQUG to also
- develop siellar criteria for cracks '

near cast-in-ptace anchorages _

7/27/89 - Draft EPRI anchorage 7/27/89 - Draft EPRI anchorage" 7/2//89 - Accept suggested 7/27/89 - Open issue. 1NRC to~.
report is acceptable subject to report is acceptable subject editorial chances ([}) consider whether existing capacity
editorial chays and resolution of to editorial changes ([S.) reduction factor adequately -
strength criteria for cast-in-place

'

accounts for concrete cracks up to

anchorages with concrete cracks up 0.020 inches wide for cast-in-place

to0.020 inches (@ anchoragn ({})

..-

.a

a.
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4..,
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9/21/90

CHECKLIST OF OPEN/UNRESOLVE0 ISSUES IN USI A-46 PROGRAM
' HISTORY TABLE

Issue NRC Position /Connent* SSRAP Position /Coment* SOUG Position /Conssent* ' Status

0. Anchorace Guidelines (Continued)
1

'

17. Factors of safety and cracks in 10/5/89 - Do not agree with SOUG 10/5/89 - Evaluating SOUG 10/5/89 - Use the following
. between URS/SSRAP/NRC are planned

10/5/89 - Open issue. ~ Discussions;
concrete (Continued) positie on crack. width for cast- . position . strength reduction factors for

in-plar % rages. Also F.S. of cast-in-place anchorages with to resolve this issue
1.7 dca. . appear to be included cracks-
in SQUG approach.

. . . Reduction
Crack Width Factor

< 0.020~ 1.0
0.020' - 0.060' 'O.75

> 0.060- Outlier
~

12/12/89 - Concur with cast-in- 12/12/89 - Concur with cast- 12/12/89 - EPRI/tRS anchorage 12/12/89 - Resolved in principle.
place criteria for cracked concrete in-place criteria for cracked report and GIF to incorporate EPRI/URS report and GIP to be
contained in 12/5/89 URS concrete contained in 12/5/89 material in 12/5/89 (RS - revised per SQ'JG position-
transmittal (3_0_) URS transmittal (3_0) transmittal

2/1/90 - Concur with SSRAP position 2/1/90 - Concur with criteria 2/1/90 - EPRI/URS anchorage- 2/1/90 - Resolved in' principle.
( 3,l_) for factors of safety for report and GIP to incorporate EPRI/URS report and GIP.to be '

cast-in-place anchors in material in 1/25/90 URS
cracked concrete in 1/25/90 transmittal including the .

revised per SQUG position

URS transmittal except that- 0.010 inch starting poin'~ for '
reduction factor. to be used . useofareductionfactor(3,,1,)"
starting at 0.010 inches (31)-

9/21/90 - Resolution .in App. C of
GIP. Rev.~2 for each type of-
applicable anchor

18. Effect of concrete strength on Ultimate expansion anchor strength ConcurwithSQUG(5_). ~Effect- Tensile strength test data NRC to complete review of material
tensile strength of expansion .of Phillips and Hilti catalog data covered in revised FS=3 fer . for concrete strengths from . from(5and})3)andeitherdocument
anchors. for 4000 psi concrete.is :less than | non-shell expansion anchors- 3500 psi to 4500 pst compared < acceptance of SQUG/SSRAP position-

EPRI ultimate expansion anchor ()3). to test data for concrete ~ or provide coments
: strengths for all concrete . . strengths greater than~

~

strengths greater than 3500 psi 3500 psi shows that the
i (9J 'results are about the same.

( 5) .' No change to GIP is
_

necessary

:
|

!

,
~

.
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CHECKLIST OF OPEN/ UNRESOLVED IS5 tis IN USI A-46 PRnGRAM
HISTORY TABLE

Issue NRC Posit +on/Cournent* SSRAP Position /Conuent* SOUG Position /Connent* ' Status

D. Anchorace Guidelines (Cortinued)

18. Effect of concrete strength on 4/28/89 - Staff's position is to 5/2/89 - Open issue. Criterta;

tensile strength of expansion use the manufacturer's catalog being evaluated by NRC. See Issue"'

anchors (Continued) tensile strength rather than the .D.17 above
\ EPRI values (13

5/18/89 & 6/8/89 - Staff accepts 5/18/89 - Use EPRI values for 6/8/80 - Resolved per GIP; Rev,1~
EPRI values of strength in GIP, expansion anchorage bolt
Rev.1 (19)(2_2) ' allowables(l9.)_

SQUG to revise GIP, Rev. 219. Missing bolt stres in GIP 'irovide data in various tables for No coment (Q) Missing bolt stres * *

Appendix tables missing anchor bolt diameters (8_) added to GIP

4/28/89 - Not addressed at this 5/2/89 - Resolved in principie.

time (11) GIP to be revised

9/21/90 - Resolution in App.- C of
GIP, Rev. 2

~

20. Effect of bending on anchorage Use of anchorage strength GIP will be changed to require SQUG to revise GIP, Rev. 2.-
reduction factor of 50% for separate evaluation of ' '
significant bending is not ' effects of bending (5. Q)
acceptable (5)

'

4/28/89 - Not adfressed at this - 5/2/89 - Resolved in principle.
time (13 GIP to be revised to indicate

bending should be evaluated

9/21/90 - Resolution in Sec. 4.4.1,
Check 12 of GIP, Rev. 2

~

21.- Discrepancy between GIP and 5/2/89 - Table C-3 of GIP is not 5/2/8if - Resolved in principle.
anchorage report consistent with EPRl/UR$ report ' Discrepancy to be corrected in GIP

page 2-40-
'

9/21/90 - Resolution in App.. C.3.1
of GIP, Rev. 4

-

q

_ * - - . .
.
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CHECKLIST OF OPEN/LHRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position /Coment* SSRAP Position /Comnent* , _ SOUG Posittpr4'.wnt* _ Status

D. Anchorace Guide 1ines fContinued)

22. Expansion anchor strength ' 6/14/89 - No problem with proposed 6/14/89 - Considerable effort. 6/14/89 - Prormed approach 6/14/89 - Open issue. SQUG to poll
criteria for f *< 3500 psi criteria but question whether required to review and reach for anchorage Mrength data -*cility perters to determine ifc .

criteria are needed for f * < agreementonguidelines(2J with 2000 psi f s'e* s 3500 psi criteria below f 1 = 3500 psi .lse3000 psi (2J (2J needed
~c

. 6/27/89 - Poll of SQUG - ..
6/27/89 - Open issue. URS/Blume to

utilities stas that about 12 prepare a proposal to develop '
plants have lower strengt( |anchoragestrengthvaluesfor
concre* * (L5J 2500 psi anu3000ps1 concrete ({})

11/15/89 - Concerned with II/1LP9 - URS to'addres*. 11/15/89 - Open issue pending URS
extrapolating down to SSRf# .:oncern in a future . resolution of SSRAP concern _((8) .2500 psi. Asked to see test creting ({S)
data desggregated into 2000 to ~

2500 psi range and 3000 to -
3500psirange([8)-

12/12/89 - Ceur with criteria for _12/12/89 - Concur with: 12/12/89 - URS to addressf 12/12/89 - Open issue pending URS
lower strength ccmcrete in URS criteria for lower strength SSRAP concern 5n a future'. resolution of SSRAP concern QO)~12/5/89 transmittal except for concrete in URS 12/5/89 meeting (3_0_)
SSRAP concern (3_0_) transmittal except for concern

that tensile capacity of
expansion anchors appears to
be redxed in the 3500 to
4000 psi range (3J -

2/1/90 - Concur with criteria for -2/1/90 - Concur with criteria 2/1/90 i EPRI/tRS ancnorage - 2/1/90 - Resolved in principle.
expansion anchor tensile strength; for expansion anchor tensile report and GIP to incorporate EPRI/URS report and GIP.to be
in concrete below 4000 psi as . ' strength in concrete below . material from 1/25/90 tRS : revised p u SQUG's position.
described in 1/25/90 tRS 4000 psi as described in - . transmittal

'

transmittal (3J - 1/25/90 URS transmittal (3J

9/21/90 - Resolution in App. C.2.1
and C.2.7 of GIP, Rev. 2

,

.%., 7 A. + y .-., .;- .-,. - , .-.r. y.r,4. .w-g . > , - - ye v + y,.m.g- .y.-a .ye - y a ,,w.w- , d,,- c . , - . . . _ , . ,
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CHECKLIST OF OPEN/UNRFSOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

issue hRC Position /Connent* $$ RAP Position /Conuent* SOUG Position /Conuent* Status

D. Anchorace Guidelines (Continued)

23. J-hook concrete fastener 7/27/89 - More data is needed 7/27/89 - Limited'information 7/27/89 - Open issue. ? URS to
strength criteria to support a strength criteria was provided ( @ provide additional justification

for J-hook concrete fasteners J for strength criteria of ' -hookJ
(2J concrete fasteners and include

results in supplemental report (W.

11/15/89 - Concur with SSRAP 11/15/89 - A minimtzn factor of 11/15/89 - URS 13 address 11/15/89 .Open issue pending URS.
corrents (2_8_) safety of 1.5 should be met. SSRAP concerns in a future' esolutionofSSRAPconcerns(g)ir

Increase minimtsn spacing to 3 meeting (2_g)
bolt diameters. Calculate
smootn bar capacities using
pre-1983 ACI code and British

standard and conpare to URS
criteria. Concrete cracking
not an issue if J-bolt is not
near. an edge or reber 'is -
present. Deaggregate -
concrete strength data into
2000 to 2500 psi range and
3000 to 3500 psi range (2_8_) |

1
-| 12/12/89 - Concur with J-bolt 12/12/89 - Concur with J-bolt 12/12/89 -.EFRI/URS anchorage 12/12/89 - Resolved in principle.

criteria contained in URS 12/5/69 criteria contained in URS report and GIP to incorporate EPRI/URS report and GIP to be
transmittal (3_0_) 12/5/89 transmittal. (3J material included in 12/5/89 - revised per SOUG position

. .tRS transmittal
' ' '

2/1/90 - Concur with J-bolt -~ 2/1/90 - Concur with'J-bolt ~ 2/1/90 - EPRI/URS anchorage -- '2/1/90 - Resolved in pr'inciple.
'

criteria :in 1/25/90 URS transmittal criteria :in 1/25/90 URS report and GIP to incorporate EPRI/URS report and GIP to be
subject to changes noted in SSRAP's transmittal subject to material from 1/25/90 URS revised per SQUG*s position
position (3J . correction of strength transmittal and changes '

reduction formula, clari- suggested in SSRAP position'
fication of figure showing
minimum embedgent length, and
editorial changes (3J

9/21/90 - Resolution in App. C.4 of.
GIP, Rev. 2

<

"

- .- - . -- - - . - - . - - - - - -, --. . . . . - . . . - -. .
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_ ,9/21/90

CHEEKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAk
HISTORY TABLE

Issue NRC Position /Corurent* $$ RAP Position /Corsnent* SOUG Position /Ccument* Status

D. Anchorage Guidelines (Continued)

24. Expansion anchor types with 11/1S/89.- See makes and - 11/1S/89 - URS to address 11/1S/89'- Open issue pending tRS
limited backup test data or low models of expansion anchors - S$ RAP concern in a future resolution of S$ RAP concern (@test data included in EPRI/URS anchorage meeting (@

repe-t have not been included
in test osta or have
questionable tensile capacity-
(e.g., WEJ-IT) (2E E

|2/1/90-Sameconcernas 2/1/90 - List of acceptable ~21/1/90 - Open issue. SQUG to
above. Certain makes and makes and models of expansion develop criteria for questionable
models of expansion anchors anchors to irtlude only those makes and model of_ expansion
should be deleted since there with adequate test data.- tRS anchors
is insufficient data available to separately develop criteria
(3J for comonly used makes and

models for which test data are'
notevallable(3J

7/10/90 -~ Certain types of 7/1C/90 - URS te develop a 7/10/90 - Open issue. URS to
expansion anchors in ESRl/URS._ basis for using expansion .. develop criteria for expansion-
anchorage report had lower anchors which have low catalog anchors with'iow or Ilmited test
catalog failure test data than failure test data and limited data.. Other issues resolvedi
the mean used in anchorage' test dat .
report.

. Anchorage report and GIP to _
Several other anchor-types be revised to exclude use of
had few reported tests. anchorage data in masonry-
Basis for including these block wall (3J
should be included.In
anchorage report.

Expansion anchor data-is not
applicable to masonry block'
wall (3J

8/24/90 - Agreement was ~ 8/24/90 - tRS presented basis 8/24/90 - Resolved in principle.
reached with EPRI and' for' including the makes and EPRI/URS anchorage report and GIP
tRS/B1ce op criteria for . models of expansion anchors ' to be revised per agreement at-
including expansion anchor
makes and models not included

.which have low or . limited test meeting (33
data or no test data at all

in the EPRI/lRS test data base except for manufacturers data.

(3J ' Agreemenc was reached on
seismiccapacitycriteria(33

9/21/90 - Resolution ~ in App. C.2.11
and C.2.2 of GIP, ,tew. 2

. _,_ .;- . _ s .. , , , 1 _ . a- - _. ._ _ _ . ,-.u_
- _. au_ ' - . ~ -w _- ~ . _ ~ , . , _ . . _ , _
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN tfSI A-46 PROGRAM
HIS10RY TA8tE

Issue NRC Positlon/Cortnent* SSRAP Position /Connent* - SOUG Position /Coment* Status

E. Relay Review Guidelines

1. Operator response to spurious Cannot rely upon nomal operator No corrent (l4_) Operators are trained to . NRC to docunent acceptance of SQUG'
alarms response to clear alarms since

_

respond to alams whether . position; approve Rev. 1 of GIP
operators are not trained to spurious or real. Resolved
respond to spurious alarms arising - per (11). No chance to GIP is
from a seismic event (L:II.E.2.1) necessary

4/28/89 - The staff concurs with .5/3/89 - Resolved per GIP. Rev.1.
the SQUG position that the reactor
operators are trained to respond to
alarms regardless of whether they
are spurious or real. Other NRC
programs (and A-46 Selection of
Safe Shutdom Path) to verify -
adequate operator training and
procedures preclude any need for a
separate requirement as part of the
A-46 implementation (W -

Za. GERS for all types of relays Testing of sone types of. relays. . Resolved per (5J subject to ' Resolved per (5) (NRC to complete review of materialg
. includirig older vintage relays; 1s review of final report and ~ in (5) and either document-
needed(1:II.E.2.2) confirmation that BNL does ; acceptance of SQUG position or:

not have any data which - provide coments
contradicts this report?

4/28/89 - The lack of GERS or other. 5/3/89 . Guidelines based on' 5/3/89 - Open issue. Criteria .
qualifiertion data for some relays . qualification data for classes under developnent by SQUG
is a problem encountered during the of equipment can be used
pilot plant reviews, "he staff

~

position is that' for a"y relay
which needs to be qualdiied under .

~ A-46 guidelines _ (chat ~.t r- is .
unacceptable) a GERS or other'
qualification data a sst be provided .
(W

- 6/13/89 - A reduction factor ~ 6/13/89 - GIP to be revised to .~.6/13/89 '- Open issue'. GERS report' *

c of 1/1.1 should be applied to - include 1/1.1 factor (2_lj . ,under development. GIP to be
'

. seismic capacity of relays; revised by SQUG
: based on GERS.(2g

a . . ~ . . - - ,2. .4 . .2_ _ _ . _ . _ _ . _ ._ u.. _. , ;_.c.._ a_ _ ._ . _ . . , . , ._ _ _ _ . _ _ . . , - ._ _ ,
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE ~

Issue NRC Position /Coment* SSRAP Position /Coment* SOUG Position /Coment* Status

E. R*1av Review Guidelines (Continued)

2a. GERS for all types of relays - 7/26/89 - BNL relay test data (900 '

7/26/89 - Relay GERS report 7/26/89 - Open.lssue. NRC(BNL)'to
(cont inued) pages) made available for review made available for rewtew ([S) review and coment on relay GERS

(2,4) report by end of August *A9 SQUG:
to r+ view and coment on BNL relaw -
testdata([}S)'

9/13/89 - The IEEE standards for 9/13/89 - Single relay tests 9/13/89 - ANCO to com lete' 9/13/89 - Open issue. -SOUG (ANCO).
'

relay testing may not be adequate; may not be adequate since
.. specific relays for which BNL SQUG/NRC/SSRAP to resolve '
relay GERS report and list to complete relay GERS report.

however, this should be addressed there appears to be- .
dataare.inconflict.([p6)- differences between individual GERS'separately from the USI A-46

.
variability in the'BNL- test

progrant. If data exists which is data: however, this is not an and BNL test data in conflict
lower than the current relay GERS. A-46 issue since IEEE-344 dsringOctobermeeting([gj
then these lower values should be allows single tests. - Can not
used until proven to be invalid accept relay GERS when test
(2_6) data is in conflict with it

(2_k)
.

2/1/90 - Set of 13 coments sent - 2/1/90 - No corments on relay 2/1/90 - EPRt/ANCO report or- 2/1/30 - Open issue pendtng review
from BNL on 1/10/90. Agree with GERS report. Concur with - relay GERS transmitted on of final report

'''

resolution of these coments resolution of NRC's 13 12/14/89. Resolutions of
reached during meeting (31) coments (3_l)

'

NRC's 13 coments to be
incorporated.into relay GERS
report (3.1).

7/10/90 - Relay GERS report is 7/10/90 - Relay GERS report is 7/10/90 - EPRI/ANCO relay GERS| 7/10/90 - Open issue pending review
accepted subject to incorporation acceptable subject to incer-

.

report dated S/90 sent for 'I of revised report
of editorial cceents and . poration of editorial ' review. " Report will be -
resolutior: of any conflicts with E coments, clarification of-
test data (3,5)' GERS bases, and resolution of

. revised to incorporate :
resolution of coments (3_S)

any conflicts with E test data
(3,5)

''

~ 9/21/90 - Open issue pending final
review of relay GERS report.
Reference to latest version of-
relay GERS report included in -
Sec 6 and 10 of GIP.- Rev. 2

,

-
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CHECKLIST OF OPEN/UNRESOLVE0 ISSUES'IN USI'A-46 PROGRAM
~

HISTORY TABLE

Issue NRC Position /Conment* SSRAP Position /Conuent* SOUG Position /Ccenent* Status

E. Relav Peview Guidelines (Continued)

2b. GERS for older relays 1/28/89 - The staff has reviewed S/3/89.- Resolved in principle.
..

recent testing report prepared for GIP and GERS report to be revised
SQUG which comared older relays to
the post .1975 relays. The staff
agrees with the conclusion derived
from the vintage testing that, for
relays sa@ led, the vintage issue
is not of a concern. Based on this
testing and the experience data,
the staff agrees that the GERS
generated from newer relay data may
be applied for older relays. If
future testing identifies any.
specific relays for which the older
vintage are significantly less
rugged, an appropriate notification
by the NRC will then be issued ()])

9/21/90 - Reference to latest -
version of relay GERS report
included in Section 10 of GIP,
Rev. 2

3a, In-cabinet amplification Should provide a method to . Factor of 3 for MCC type Same as SSRAP position. Work'- NRC to doctment acceptance of '
factors for MCCs and SWGR' determine seismic demand at the - cabinets. 6 for switchgear . is underway to develep SQUG/SSRAP. position

location where relays are mounted - ' type cabinets approved. ' additional amplification
'

in cabinets (l;II.E.2.3).- : Approach being used for
.

factors based on in-situ
Edeveloping factors for other L. - testing and other available -
panels is judged appropriate - testdata(5j'

_

- Q, ),4)
4/28/89 - Not addressed at this S/3/89 - Open issue.' Criteria 1
time (]].)

' . . .

under development by SQUG .

S/12/89 - In-cabinet amplification
factor should bei

MCC -4.0
SWGR 9.0 .

_

. .

'

Other (To Be Determined) (Ref._18)'

.

+ ,4a. ' .Ae. 'c,,, -%p , .*'*- g. 'ne'eus- --''yLs eg--pe''W y '"'rf^f "'4 -"#'y '"PP J $' ' ' * "-t 3" "'MI eg * y- p-a g5g"g p"t"''*9-''" e 4'qs sw" k' bgi Nee-sag i, N me a' 'g'' et '''Wa-
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

.

Issue feRC Position /Cmenent* SSRAP Posit ton /Conment* SOUG Position /Connent* ' Status

E. Relay Review Guidelines (Continued)

3a In-cabinet aglification factor 5/18/89 - Can use 3 and 6 for 5/18/89 - Still support 3 and ' 5/18/89 - Same as $$ RAP 5/18/89 - Open issue. ' Criteria
for MCCs and SWGR (continued) relays mounted near frame members 6 for MCCs and SWGR panels . position (L*) under developnent by SQUG

or mounted below half-height. Use (If ' ~

4 and 9 for remaining locations
(ll).

. 6/13/89 - Reconsidering position 6/13/89 - Dr. Kennedy . 6/13/89 - Should use in- 6/13/89 - Open issue. NRC to
and leaning toward acceptance of ..evaluat hn of in-cabinet _ .. cabinet amplification factors consider posttion, based on
MCC 3 amplification shows: of:

'

Dr.' Kennedy's evaluation for in-J=
.

SVGR ='7 (Ref. 2_1) MCC = 3
. MCC = 3- -cabinet agilfication ([,})

5 - 7 (Ref. [1) SWGR = 6 (Ref 2_1,)SWGR 1=

9/13/89 - Disagree with NRC 9/13/89 - Resolved with . ..
position but will accept the disa; eement. GIP. to be revised
following in-cabinet ({p6) -

amplification factors:

*CC . 3 -'=

SWGR = : 7 (Ref. [6_)6

9/21/90 - Resolution 1n Sec.'6.4.2.L
~

Screening Level 2, Table 6-2 of -
GIP, Rev. 2

3b. In-cabinet amplification factors 5/18/89 - Concur in overall 5/18/89 - Presentation of|
-. for control panels and bench approach subject to detail approachbyS&A(19J.~.

. coments' contained In'boards using S&A approach
'

,

'

Reference 11

6/8/89 - Use of S&A approach cannot
be accepted on a generic basis
because of use of " direct method"
of generating in-structure response -

' spectra. (Same position as in
Issue D.16.): Will review on a'
case-by-casebasis,however(?_2_)

.

..g.,,.h,- . - - %4-.. .- g +- ..,e F- g m- g **r'''"==.g hr F m' yAT ww- ""q9--q' 9g4 -' - ~ ' ' +1'k 4 T '" * Y 'W' '''*r#" d'_%'#-4'' a' M W
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CHECKLIST OF OPEN/LHRESOLVED ISSUES 14 USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position /Concent*
, $$ RAP Position /Coment* SOUG Position /Ctpuurnt* Status

E. Relav Review Guidelines (Continued)

3b. In-cabinet amplification factors 6/13/89 - Convergence criteria for 6/13/89 - Partici' ation factor 6/13/89 - Participation factor 6/13/89 - Open issue.- SQUGp
for control panels and bench " direct spectra generation mether of 1.5 appears to be too low. of 1.5 is appropriate ({l) developing criteria / basis for:.
boards using S&A approach is needed. Participation factor Strengthen geometric inclusion - Basis for using generic
(continued) should be in rarege from 2 to 2.5. rules for class of equipment AF = 3 for control panels

Strengthen geometric inclusion covered (2J
'

and bench boards
rules for class of equipment
covered ({{)

- Convergence criteria for use
in " direct spectra generation
method"

- Participatter factor of 1.5-
~

- G=ometric inclusion rules for
class of equipnent covered '

7/26/89 - May not allow use of 7/26/89 - Use of 11 Hz lower 1/26/89 - S&A to revise 7/26/89 - Open issue. NRC to'
" direct method" for all types of bound acceptable subject to. approach based on SSRAP. review and coment on " direct
gmund motion spectra. NRC review of Humbolt Bay test' , ' suggestions Q5) method".- SQUG to revise approach
structural branch to review S&A data. Use of high damping, 3 to address $$ RAP suggestions and to
approach and copinent at next. SG different type. input spectra. evaluate Humbolt Bay test data ({S)
meeting. NRC contractor (S1dRI) clipping of narrow response
agrees with II Hz lower bound spectral peaks, and revised
subject to review of Humbolt Bay inclusion rules suggested ({S)
test data Q5)

9/13/89 - Agree with Overall 9/13/89 - Agree with Overall 9/13/89 - S&A methodology f/13/99 . . Resolved 'in principle
Resolution (2,jj Resolution ({S_) revised to incorporate SSRAP acarding to the following {{S_):

suggestions (2,jj
Overall pesoluticn:

.i'- S8A metrodology acceptable '
- Generic anglification factor ~

of 4.5 for c"ntrol panels and
betechhoerds'

- Hunbolt Bay test data is not in
confilct with $8A approach and"
caveats

- Ofrect troeration method is an
industry generic issue which
will be addressed outside of
USI A-46

_2 ..u .x. _ , ~ , . ,c.___ . - - - _ _ . - . _ _ _2. - _ _ _ , , , _ ., . _ , _
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position /Coranent* SSRAP Position /Coranent* SOUG Position / Comment * Status

E. RTlav Review Guidelines (Continued)

3b. In-cabinet amplification factors 12/12/89 - Agree with S&A final 12/12/89 - Agree with S&A 12/12/89 - SRA to prepare 12/12/89 -~ Open issue. -S&A to
for control panels and bench draft report of 10/30/89 provided: final draf t report of 10/30/89 restrictions to the ne of the develop specific restrictions on
boards using S&A approach

* Peak amplification reduction capacity vs. demand portion of include in EPRI/S&A in-cabinet and SSRAP review.

'

subject to review of seismic 0.6 reduction factor and the use of the 0.6 factor for NRC ..
(continued)

factor of 0.6 applies only to the relay screening report. amplification report.
- .

highly ampitfied, narrow
.

Open issue. MRC to reconsider
spectra Concur with SQUG's position on Disagree with NRC position on position on use of DGM.

DGM that this is an industry limitations to use of DGM.
* Restrictions are placed on the concern, not a USI A-46 issue Appropriate application of (di

use of the Direct Generation (3_0_) is an industry concem not a
Method (DGM)(3J USI A-46 issue and should not

' be addressed as a part of the '
USI A-46 resolutten
methodology (3_0_)

2/1/90 - Accept limitations on use 2/1/90 - Accept limitations on 2/1/90 - Limitations provided 2/1/90 - Open issue pending .
of 0,6 peak reduction factor use of 0.6 peak reduction. on use of 0.6 peak reduction - NRC/SSRAP review of revised report
provided by S&A. factor provided by S&A (11J factor.

Continue to require restrictions on Disagree with NRC position
theuseofDGM(3J regarding restrictions on use

of DGM but will include them
in EPol/S&A in-cabinet
ampilt ication report (3J .

7/10/90 - EPRI/S&A report
.

7/10/90 - EPRI/S&A report 7/10/90 - S&A provided copies 7/10/90 - Resolved in principle.
acceptable subject to inclusion of- acceptable subject to of latest. in-cabinet agit- EPRI/URS report to be revised pet.
editorial coments, validation of inclusion of editorial fication report dated 6/5/90 SQUG position.- NRC to complete .
coriputer code, and inclusion of coments and justification of for review. their validation of the S&A
additional restrictions providing ' basis for welding every 6 feet

'

co muter program
'

..

,aerameters to computer code (M) on center along the front and S&A to revise report per NRC
rear edges of a cabinet (3J and SSRAP connents and to

prepare a letter. describing
resolution of the issues
raised during the meeting -
-(3J

- z .-. - . . . . : . = x.: .- .- - - , , . . w. - - . .
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9/21/90

CHECr. LIST OF OPEN/UNRESOLVE0 ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position /Coment* SSRAP Position /Comunent* SOUG Position /Comunent* Status

E. Ritav Review Guidelines (Continued)'

3b. In-cabinet amplificat ton facters 9/21/90 - Resolved it: principalfor control panels and bench pending receipt and review of final
boards using $1A approach . EPRI/58A report. Resolution
(centinued) incorporated into Sec. 6.4.2.

Screening level 2 of GIP, Rev. 2

3c_ Inclusion rules for cabinets 6/13/89 - Inclusion ruleswith high and low in-cabinet being developed as part of the
anplification factors . integrated approach for relay

evaluation ( H)6/13/89 - Open
- issue. : Criteria under
development by SQUG

7/26/89 - NRC consultant bWRI). 7/26/89 - Have no problem with 1/26/89 - Justification for . 7/26/89 - Cpen issue. .~ Justifi-
considers overall proposed approach overall proposed approach but the inclusion rules and ' . cation for criteria, under
reasonable but inclusion rules ' need to review the data to ~ amplification factors being . development by S&A. to be reviewed
should be based on fundamental support the inclusion rules developed (2,5)

'parameters affecting dynamic' and the proposed amplification ~
during Septenber SG meeting (H)

response (freq.. mode shape,
damping)(2_})

'

factorsforeachcategory(g)

'

9/13/89 - Agree with the inclusion '9/13/89 - Agree with the 9/13/89 - Revised inclusion 9/13/89 - Resolved in' principle
rules subject to clarification 'of - inclusion rules subject to 'ruleswerepresented(2_g)
someoftherules(2_6,) clarification of. sone of the '' ' (E)

'

rules (2_6)

5 esolution in Sec. 6.4.2.9/21/90 R

Screening level 2 of GIP. Rev. 2.

,

. . ; _.
.r4 _ - . . si , , , . _-c- r.- , . . . , _ . , , , , , , . . - .
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9/21/90

CHECKLIST Or CPEN/tFfRE50tVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

!ssue NRC Position /Connent* SSRAP Pesition/Connent* - SOUG Position /Ccenent*' Status

E. Relsv Review Guidelines (Continued)

4 Relay mounting Should check all relay mountings. Agreewith500Gposition(14). Spot check is adequate to .NRC to document acceptance of SQUG
not'just spot check, during the

.

confirm that plant . position; approve Rev. I of GIP
relay walkdown ();II.E.2.5) construction methods were

consistent with manufacturers'
reconnendations Q:II.E.2.5).
No change to GIP is necessary;

4/28/89 - The staf f concurs with S/3/89 - Resolved in principle.
the SOUG that a 100% walkdown is GIP to be revised to define known -
not required. The samle size will vulnerable types of relays to be
be developed by the SQUG/SSRAP and looked for during sanpling walkdown
approved by the staff (13

9/21/90 - Resolution in Sec. 6.5 of'
GIP, Rev. 2 '.

.

.

S. Pelays subject to igact .Some relays are subject to chatter 500G approach is acceptable
chatter due to high frequency input (e.gr. (S A list of relays vulnerableJ

imact) . GERS do not adequately to high frequency input has
address this issue. NRC Relay -been developed and will be
Review Group has reviewed and used for screening out these-
concurred in SQUG approach (W . relays (S NRC staff shouldj

document acceptance of SQUG
,

position or provide corrents

4/28/89'- The staff and SOUG h' ave S/3/89 - Resolved in princip'ie.,

reached agreement on a list'of GIP to be revised to include list.
known relays that ~ appears : .. of vulnerable relays :
vulnerable to high frequency-
excitation;. ' As with the. vintage..
issue.iany future problems: ~

. idectified could result in a .
separate NRC notification af ter the . .
completion of the.A-46 program 4 W .

6/13/89 - Meeting between BNL,.NRC.' 6/13/89 - Open issue. MRC/SQUG
ANCO. MPR,'and SG is needed to. evaluating 8NL data for..
compare BNL . relay test data .to GERS.- applicability ~
(R)

-- -, --. . - . = - . . . -- . , . - - .. . - w- . - . . , , ,- n-.a.,
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' 9/21/90

CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-45 PROGRAM
HISTORY TABLE

Issue NRC PositioniComent* $5 RAP Position /Coment* SOUG Position /Coment* ~ Status

E. Relav Review Guidelines (Continued)

5. Relays subjet to impact chatter 7/26/89 - Vulnerable relays from 7/26/89 - Vulnerable relays ~ 7/26/89.- Vulnerable relays 7/27/89'- Resolved in principle.
'

(continued) BNL tests of SWGR to be included on from BNL tests of SVGR to be fran BNL tests of SWGR to be low ruggedness relay list to be
low ruggedness relay list (25) included on low ruggedness included on low ruggedness revised by SQUG (n)

relay list (25) relay list (Q)

9/21/90 - Resolution in App. E of
latest version of EPRI/MPR relay
evaluation report. Reference to _
this report included in Sec. 6 and '
10 of GIP, 8iev. 2

6. Similarity criteria for 6/13/89 - Ground rules for 6/13/89 - Open issue. ~ Criteria to.
determining ruggedness of comparing similarity of- be developed by SQUG with a working ;
untested relays ' untested relays to tested ones level review and coment by IWIC " ~

being developed as part of the
integrated approach for relay :
evaluation (21)

.7/26/89-Draftrulesforjudging(
similarity to be sent by 50VG to
SSRAP and NRC for review prior to :
next series.cf relay tests ( E)

9/13/89 - Rules appear reasonable 9/13/89 . Similarity judgments 9/13/89'- Similarity rules :9/13/89 - Open issue. 'ANCO to run-
but not convinced until after they should be made by a'itmited presented. Validity of rules relay tests in Fall of 1989 and
have been validated by cogarison group of very knowledgeable to be determined by comarison compare results to similarity rules '
to results of ANCO relay tests. and experienced relay experts to test results to be run by (26)
Should have a team of recognized (2,6_)

'

ANCO in the fall ([S) .-S

relay experts make this comparison
(2,6_)

10/26/89'- SQUG will' 10/26/89 - Resolved. Criteria
discontinue developing - development put on hold per SQUG .
guidelines-in this area until position. . GIP will not include-

a need for them is established guidelines in this area (Zl),
and funds are available ({J.)

9/21/90 - Criteria emitted from
GIP, Rev. 2

i

_, _ _ _ _ _ _ _ _ . - _ _ _ , ,. - - ~ . _.. . - . , _ _ . - . . , , . .. . _ - . , _ . , . ,
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9/21/90

CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position /Coment* SSRAP Position /Coment* SOUG Position /Coment* Status

E. R*1av Review Guidelines (Continued)

7. Switchgear GERS cover relay 12/12/89 - Separate evaluation of 12/12/89'- Concur with SOUG's 1'/12/89'- Switchgear GERS 12/12/89 - Open issue. NRC to-
chatter switchgear relays needed; position ($ also demonstrate relay evaluate SQUG's position'and

switchgear GERS not sufficient (3J ' functionality provided the reconsider their position ( $ '
following conditions are cet:

* GERS capacity should exceed 4

' demand
"' Relays which affect breaker

operation should not be on
Low Ruggedness Relay List

* Any relays added to
switchgear should be

. evaluated for seismic
adequacy using Relay
evaluatten methods ( @ .

2/1/90 - Separate evaluation of 2/1/90 - Accept NRC's position 2/1/90 - Accept'NRC's position 2/1/90 - Resolved in prichiple.
~

switchgear relays which control (3J . (3J ' EPRl/MPR relay evaluation' report
essential switchgear breaker and GIP to be revised per NRC's
operation is'not necessary if: position

* Switchgear capacity (GERS or
BoundingSpectrum) exceed
demand.

* Relays in these switchgear
circuits are identified and -
doctanented in the Relay

* Evaluation Report.' and
The identified relays are
determined not to be on the Low
Ruggedness Relay list.

NRC noted that they may, in the
future ask SQUG to address these
identified relays after completion
of the USI A-46 program (31)

9/21/90 - Resolution at 'end' of '
Sec. 6.4.2 of . GIP, Revi 2

. .

e
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9/21/90

CHECKLIST OF OPEN/tMPESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position /Coment* SSRAP Position /Coment* SOUG Position /Coment* Status

F. Seismic Interaction

1. Effects of fire, flooding, and Utilities should be encouraged to Should look for These seismic interactions are NRC to doctsnent acceptance of SQts .
exposure to fluids, and seismic evaluate these concerns even though vulnerabilities to " utility" outside the scope of USI A-46 pcsition; approve Rev. I of GIP .interaction affecting they are not within the scope of lines (1 .0.20) as defined in G. 87-021
distribution lines beyond first the USI A-46 review Q:II .F.1.a ) Q:II.F.I.a and 10,:0.20).
anchorage point Revisio.: 1 to the GIP inentions

+ ' that the utility may add these
additional seismic interaction
concerns to the scope of their

review if they desire Q:D.5).
- The GIP also rec M that
areas of concern observed-

- during the walkdown should be'
evaluated (1:4.3). No other
changes to GIP are necessary

4/ 1/89 - The staff agrees with the 5/3/89 - Resolved per GIPJ Rev. Il
500G approach (11)

.

..-
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9/21/90

CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Posit tan /Corment* SSRAP Position / Comment * SOUG Position /Cament* Status

G. Cable & Conduit Raceway 'avste e

1. Evaluation criteria Topic to be addressed in future SER Overall approach being . Criteria under developamt. NRC ' provide review /coment t n cable
(];11.6.2) proposed appears acceptable To be' included in GIP. Rev. 2. tray criteria (9/88) and concur in

subject to review of (1) _ Preliminary criteria being resolution of. issue
revised cable / conduit raceway . revised to incor r ate lessons
report and (2) report learned during tri. .se and
describing fatigue analysis alternative to 3x deadweight
approach and (3) alternative verticalloadcheck(O
to 3x deadweight. vertical
load check (SJ

4/26/89 - SQUG should choose one of 5/3/89 - Include cable trays 5/3/89 - Open issue. Criteria under
the fo!!owing two options: in scope of USI A-46. developnent by 50VG. SSRAP to meet

Criteria under development with E0E to revise report and E0E'
l. Use the eriteria already to issue report by 5/30/89 for

accepted by the staff. discussion in mid-June meeting

a. plant walkdown review
b. Ilmtted analysis (15-20

cases)

i Dead load (DL)
design check

li Vertleal capacity.

check (3xDL)
111 Horizontal capa-

city check'if the
support connection
is not ductile (29
horizontal load)

c Rod-hung type --
fatigue check

' 2. Take it out of the 'USI A-46
scope (ll)1

_ . , _ . . ._ .G . - . . . ~1 . . _ _ -,~- ,. ::, ..:_ , , .; . _ a_- ,..;, ~ _ - . _ . . , . _ , , __ __ ._.
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9/21/90

CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-45 PROGPJUt
HISTORY TABLE

Issue NRC Position /Camnent* SSRAP Position / Comment * SOUG Position /Conuent* ' Status
.

G. Cable 8, Conduit Raceway System (Continued)

1. Evaluation criteria (Continued) 6/14/89 - Accept revised cable tray 6'14/89 - Accept revtsed cable 6/14/89 - Presentation of' 6/14/89 - Resolved in principle.'/
evaluation criteria subject to tray evaluation criteria (2W revised EQE cable tray report EQE report and GIP to be revised to -
clarifications in final report (2J dated 6/19/89(H) ' include agreed upon criteria

6/27/89 - Must use 3xDL che::k for 6/27/89 - Do net consider it 6/27/89 - Disagree and cannot 6/27/89 - Disagree. E0E report and
non-ductile lateral sapport systems necessary to use 3xDL for non-' accept NRC position on use of GIP will not require 3 x DL'for
since all cable trays in data base ductile supports since 3 x DL check for non-ductile non-ductile supportspassedthiscriterion(2J suitable horizontal load supports (2_3_)

- checks are requi ed (2_3_)

9/13/89 - Disagree with use of 9/13/89 - Disagreer No chan9e to
3 x DL check for non-ductile .the GIP en use of 3 x DL _

supports'

9/21/90'- Cable and conduit
evaluation criteria included in
Sec. 8 of GIP, Rev. 2. Use of'
3 x DL check limited to ductile ~
supports

_

-i-M , n.. .* **aw-'. m-- -s-'-,c 'fm * .c 9
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9/21/90

CHECKLIST OF OPIN/ UNRESOLVED ISSUES IN USI A-45 PROGRAM
HISTORY TABLE

Issue NRC Position /Connent* SSRAP Position /Conment* SOUG Position / Comment * Status

H. Trnks and Heat Exchanaers

I. Evaluation criteria contained in No significant coments (5J Criteria to be supplemented in SQUG to address in GIP. Rev. 2 -

GIP, Rev. 1 GIP, Rev. 2 to include

expanded scope of applicable
tanks (5J

~

4/28/89 - Not addressed at this ' S/2/89 Resolved per GIP, Rev.11 ,

time (W '

2. Structural integrity and GIP should address this Q:11.H.1) SQUG's response is acceptable ; GIP revised per Q:II.7) ' NRC to document acceptance of SQUG 'buckling of tanks (IJ position; approve Rev. I sf GIP '

4/28/89 - The staff considers this 5/2/89 - Resolved per GIP, Rev.' 1'
issue to te resolved since 'SQuG has
agreed to specifically address
these issues. Concerns relate to
the criteria and ethods are .
addressed elsewher. (l )l

6/14/89 - Factored into draft 6/14/89 - Resolved in prina.thle.
tRS/EPRI tanks and heat

~

GIP and EPRI report to address
exchangersreportRef.20([JJ issue

9/21/90 - Resolution in tee. 7 of.
GIP, Rev. 2

3. Refueling water storage tanks GIP should-include RWST in scope SQUG's response is acceptable GIP revised per Qill.7,0) NRC to documeat ecceptance of SQUG .
(RWST) in PWRs (1:II.H.1) -(if

' '

position; app v e Rev. I of GIP

4/28/89 - The staff consid'ers this 5/2/89 - Resc*ved per GIP, Rev.-.1
issue to be resolved ( W -

9/21/90 - Resolution in Port 1.
Sec. 2.3.$ of GIP, Rev. 2

u_ __ .ax_ _ _ _, ,_ -& . __ _._. ..m- . a_ . - , , _ ~ ~ . , . . ~ . , - _. . . . ~ _ , _ .
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9/21/90

CHECKLISi 0F OPEN/trGESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE'

Issue NRC Position /Ccrrient* SSRAP Position /Cor. ment * $003 Position /Consuent* Status
H. T*r*s and Heat Exchanaers (Continued)

4. Tanks supported on legs and' GIP should address this (1:ll.H.1) SOUG*s preliminary response to GIP, Rev. 2 will include SQUG to address in GIP. Rew; 2skirts this is too general (W guidelines for evaluating this
(SJ

4/28/89 - Not addressed at this S/2/89 - Resolved in pr!rciple.
time (W GIP to be revised

6/14/89 - Agree with approach - 6/14/89 - Factored into draft 6/14/89 - Resolved in principle.
in Ref. 2,0,, (21) URS/EPRI tanks and heat GIP and EPRI report to address

exchangers report Ref. 20 (u) issue '

9/21/90 - Resolution in Sec. 7.2.1
of GIP. Rev. 2 -

5. Cracks in concrete near tank ' Guidelines should be provided for Effect of non-ductile Effect of cracks in concrete- SOUG ta ' develop guidelines toanchor bolts assessing reduction of tank anchorage failure should be covered in anchorage work ' address dsctile vs. non-ductile. capacity (6_) , addressed (W . ( d) - ' failure node

4/28/89 - Not addressed at this . S/2/89 - Resolved in principleJ
time (ll ) GIP to be revised to address non-

ductile anchorage failure -

6/14/89 - Agree with approach in 6/14/89 - Agree with approach- 6/14/89 - Non-ductile-. .'6/14/89 - Resolved in principle.
Ref. 20 (R) inRef.'20(2_1.) anchorage failure covered in GIP and EPRI report to address

Ref. 20. . Effects of cracks in issue;
concrete to be addressed in

'tO /EPRI anchorage report and
. referenced in tanks and heat
exchangers report.(2_l);

~'

9/21/90 - Resolution 1n Sec. 7.3.3.
~ ~

~

Step 12 and Sec. 7.4.2. Step 2 of
-

GIP. Rev. 2

6. Margin of safety over wide : Perform sensittwity study to AgreewithSQUG(l4_) Sensitivity study not needed. SQUG to send NRC cr=W of
range of parameters resolve uncertainty in proper use..

_

See references by Haroun and referencesc E C to review ar.Jofguidelines(6_)- .Veletsos(d)_. approve GtP. Rev. 1:

4/28/89 . The staff considers this , S/2/89 - Resolved per GIP, Rev.1
tssue to be resolved (l )l

: - i'.~ _ , . -,- u; L. ..- : - ,, - . , ,,- - :; - . :- - .
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9/21/90

CHECKLIST OF OPEN/UNRE50Lyr0 ISSUES IN USI A-46 PROGRAM
HISTUkf TABLE

!ssue NRC Position /Conenent* SSRAP Position /Coment* SOUG Position /Ccament* Status
,

H. Tenks and Heat Ezchancers (Continued)

7. Damping values for detemining Value of 4% appears too high for Agree with SQUG (1J 4% damping is realistic yet NRC to document acceptance of SOUG
spectral acceleration adequately anchored tank at rock - conservative for the analysis position: approve Rev. I of GIP

site (6) techntqueused(W.

4/28/89 - The staff agrees that a 5/2/89 - Resolved per GIP. Rev.1..
total damping value of 4% should be
used for tank evaluations (IJ

6/14/89 - Agree with approach in 6/14/89 - Agree with approach.' 6/14/89 Factored into draft '6/14/89 - Resolved in principle.
Ref.2,Q(2J in Ref. 20 (2J URS/EPRI tanks and heat GIP and EPRI report to address

exchangers report Ref. {0 (2J issue

9/21/90 - Resolution in Sec. 7.2.2
of GIP. Rev. 2

8. Concrete saddles Expand guidelines to address this Provide guidelines for' Concrete saddles in safety. . SQ'JG to revise GIP to address
( 6,) . checking connectivity between. systems are not comon.

. connectivity between tank, saddle.'-
tank, saddle, and floor: r Criteria for their evaluation 'and floor

is same as for steel saddlew
.No change to GIP at this time
(W

4/28/89 - Guidelines should be S/2/89 - Resolved in principle.
expanded to included tanks on eGIP to be revised.
concrete saddles. The staff will'
review the guidelines for checking
connectivity between tank saddle.
and the floor ( W

G/14/89 - Agree with approach in - 6/14/89 - Agree with approach |6/14/89 - Factored into draft 6/14/89 - Resolved in principle. -
Ref.2_Q(2J inRef.20(2J URS/EPRI tanks and heat GIP and EPRI report to address

exchangers report Ref. M ([1]. issue

9/21/90 - GIP. Rev. 2 does not
specifically include criteria for.'-
concrete saddles but instead in -
Sec. 7.2.1 of GIP. Rev 2 references
EPRI/URS tank and heat exchanger

' ~
report for guidance on tank con- --

figurations not included in the GIP.
screening guidelines

-
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position /Consnent* SSRAP Position /Conenent* SOUG Position /Connent* Status

H. Tanks a.. Heat Exchancers (Continued)

9. Shell buckling for hortrontal Expand guidelines to address this Not an issue since buckling Seismic experience data (bes SQUG to develop an ez8mple showing .
tanks (6J under nomal dead weight not show this to be a concern - dead weight loading controls design

loading is controlling ( H) (W of shell'

4/28/89 - Not addressed at this S/2/89 - Open issue. URS to
time (IJ provide example calculation showing

~

'. that this is not a concerni to be :
provided by S/30/89'

6/14/89 - Agree with approach 1:. 6/14/89 - Agree with approach 6/14/89 - URS/EPRI report to 6/14/89 - Resolved in principle.
Ref. 20 but need additional.words in Ref, 20. Experience data address issue including a GIP and EPRI report to ackfress
stating this failure mode is not shows this failure mode is not statement that shell buckling issue.
credible and need not be evaluated ' a problem (2J of horizontal tanks is not a
.(2J credible failure mode and need

not be evaluated (H)

9/21/90 '- Resolutton in Sec. 7.4.2 :
of GIP, Rev. 2

10. Foundation / Soil properties Provide guidelines on the Revise'GIF to specifically. . Procedure provides for. 50VG to' clarify guidelines to
acceptable foundation and soil address _hift in frequency due variation of inculsive ' address effect of frequency shift

.mediacharacteristics(8J.' to soil structure interaction . frequency which covers due to 551
'

(M) . frequency shift due to soil'-
structure interaction ( E)

4/28/89 - Not ackfressed at 'this ' S/2/89 - Resolved in principle.
time (lJ URS resolution 3-5 of 4/1/89 letter-

'to use word "should" for "may".
GIP to be reu sed

~ 6/14/89 - Agree with approach in ' 6/14/89 - A ree with approach - 6/14/89 - Factored into draft 6/14/89 - Resolved in' principle.9
Ref.2O([1).. in Ref 20 (2J LRS/EPRI tanks and heat . ' GIP and EPRI . report to address -_

'exchangersreportRef.E{0(H) . issue

9/21/90 - Resolution in Sec. 7.3.2
Step 4 of GIP, Rev. 2

__. - , _ _ 1 -u ,, , , . . . - _ ,~ ._ . _ _ . . ma ., . . . _ . . _ _ __ . ~ . _ ._ _ . _
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,

CHECKLIST OF OPEh/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position /Coment* $$ RAP Position /Coment* SOUG Position /Connent* Status-

- H. Trnks and Heat Exchancers (Continued)

11. Sample response spectrum Provide sample response spectrum or Sa m le spectra could be . SRT is familiar with concept NRC to doctment acceptance of SQUG
reference one (8_) included but is not considered 'of response spectra. No positioni approve GIP. Rev.1

necessary (14) change in GIP is considered
necessary(W

4/28/89 - The staff considers this 5/2/89 - Resolved per GIP, Rev.1
issue to be resolved (1 )1

12. Coefficient of friction beneath Describe results of using ' AgreewithSQUGposition(14) Coefficient of 0.55 is NRC to doctment acceptance of SQUG -
tank coefficients of friction greater or

,

considered low for flat botton position: approve GIP, Rev.,1
less than 0.55 (8J tanks. Experience data shows

that tanks do not slide (14). .

No change to GIP is necessary

4/28/89 - The staff considers
coefficient of 0.55 adequate for

.5/2/89 - Resolved per GIP, Rev.1

flatbottomtanks(W

13. Location cf slotted anchor bolt Text of GIP Section 7.'2.2.1 and . Agree with hRC coment (14.)~
Rev. 2 (14,)holes in horizontal tanks Figure 7-12 are not consistent (8).

,
Figure to be corrected in GIP, SQUG to revise GIP, Rev. 2'

4/28/89 '- Not addressed at this 5/2/89 - Resolved'in' principle,
time (W GIP to be revised

6/14/89 - Agree with' approach in 6/14/89 - Agree with approach -- 6/14/89 - Factored into draft 6/14/89'- Resolved in' principle.
Ref. 20 (21)- in Ref. 20 ([l) tRS/EPRI tanks and heat

.

' G1P and EPRI report to ed:fress
exchangersreportRef.20({.1) issue

9/21/90 - Resolution in Sec. 7
~

Figure 7-13 of GIP, Rev. 2

:e-
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A.45 PROGRAM -
HISTORY TABLE

Issue NRC Position /Coment* SSRAP Position /Connent* SO'JG Positicn/Caunent* Status

H. Trnks and Heat Exchancers (Continued)

14. Height of fluid in horizontal Explain why fluid height in Agree with SQ'JG p'osition (14) Procedure assumes tank is SQUG to revise GIP, Rev. 2
tanks horizontal tanks is not a filled with water. GIP w111

- significant parameter (8) be revised to clarify (14.)

4/28/89 - Since tanks are not S'2/89 - Resolved in principle.
always cortpletely filled, the GIP and final report to include
effects of partially filled tanks 1 caution to check for sharp increase '
shouldbeexamined(W in spectra (more than proportion .

withfrequency)

6/14/89 - Agree with approach in ~6/14/89 - Agree with approach 6/14/89 - Factored into draft 6/14/89 - Resolved in principle.
Ref 2_0_ (21) in Ref. {0 (LI) LRS/EPRI tanks and beat . GIP and EPRI' report to addressI

exchangers report Ref. {0 ( Q) -issue ' '

9/21/90 - Resolution in Sec. 7.4.2.
Step 10. footnote of GIP. Rev. 2-

15. 8 'iography - Provide a listing of all papers . AgreewithNRCposition([4] ' SQUG to develop a response
used and referenced in developing '

the evaluation guidelines (8)

4/28/89 - Not addressed at this 5/2/89 - Resolved in principle.
time ( W -' Report to be revised -

6/14/89 : Agree with approach in ' 6/14/89 - Agree with approach 6/14/89 - Factored into draf t 6/14/89 - Resolved.in principle.
Ref.2,0(2,1) inRef.20_(2_lj , URS/EPRI tanks and heat GIP and EPRi report to address,

exchangers report Ref. 2_Q (21) issue

'9/21/90 - Latest version of'
EPRI/URS tank and heat exchanger
repo-t referenced in Sec. 10 of-
GIP. Rew; 2

~

- .

" *'
. ,
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN US! A-46 PROGRAM
HISTORY TABLE

Issue NRC Pos' tion /Connent* SSRAP Position / Comment * SOUG Position / Comment * ' Status

H. Trnks and Heat Exchanoers (Continued)

16. Pad mounted equipment Guidelines are needed to SQUG to develop a response
determine whether pad is

'

competent to withstand uplift.
loads ($_)

4/28/39 - Not addressed at this S/2/89 - Resolved in principle.
time (IJ GIP to be revised consistent with

(RS 2/10/89 response on anchorage

6/14/89 - Evaluation of pad 6/14/89 - Resolved in principle peri
mounted equipment to be . ' -SQUG position
addressed in EPRI anchcrage
report not in tanks and heat
exchangers report

9/21/90 - Resolution in Sec. 4.4.1.
Check 14 of GIP. Rev.- 2

17. Shear load on anchorage bolts Explain why shear load is not - Anchor bolts do not resist' SQUG to develop a ' response

considered for anchor bolts ( W - shear load friction on tank
bottomdoes(14). _

- 4/28/89 - Not addressed at this
time (IJ
' ' ''9 & 5/12/89 - Staff requests - 5/2/89 - Shear is not a .

5/2/89 - Disagree and cannot' S/2/89 - Disagree -
tne.+ to be a check of clearances significant' issue and need not- accept NRC position. Shear.is.
or shear load capacity under some ..be addressed not a significant issue and
circumstances (18) need not be addressed

~6/14/89 - w with approach in. 6/14/89 - Agree with approach 6/14/89 - Disagree but EPRI- ' 6/14/89 - Resolved with
- Ref. [0, Qd in Ref. [0, (2J report ({Q) revised to warn ' disagreement.. GIP and EPRI reportl

. against shear loads in - to address issue
anchorage (g),)-

9/21/90 - Resolution in Sec. 7.3.4
Step 16 of GIP. Rev. 2

_

'N

_ _ _ _
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9/21/90.

CHECKLIST OF OPEN/tmRESOLVED ISSUES IN USI A-46 PROGRAM
._

HISTORY TABLE

Issue NRC Position /Comnent* SSRAP Position /Coment* SOUG Position /Coment* ' Status

H. Tanks and Heat Exchancers (Continued)

18. Effect of shear load on tank Explain how shear and buckling Same answer as above ( W SQUG to develop a response
wall buckling loads in shell are considered in

guidelines (1$)
,

4/28/89 - Not addressed at this 5/2/89 - Resolved in principle.
time (W Report to be revised per response -

3-2 of 4/7/89 URS memo

6/14/89 - Agree with approach in 8/14/89 - Agree with Uppro. 3 6/14/89 - Factored into draft 6/14/89 - Resolved in principle.
Ref. 2_0, (2,1) in Ref. 20 ([1) URS/EPRI tanks'and heat ' GIP and EPRI report to address -1

exchangers report Ref. [0_( Q) . issue- '

-

9/21/90 - Effect of sheer load on :
tank wall addressed in latest-
EPRI/URS tank and heat exchanger ;.
report.' Procedure from this report'
included in Sec. 7.3 of GIP, Rev. 2.~

19. Effect of 2 directions of Explain why two horizontal' . For sym etric structures, two- SQUG to develop a response -
seismic motion components of earthquake motion are horizontal components can be

- notconsidered(W resolved into one direction of
motion (W

4/28/89 - Not addressed at this- - 5/2/89 - Resolved in principle.'
time (W Report to be revised consistent .

with tRS memo of 4/7/69,' Coment
3-3

6/14/89 - Agree with approech in 6/14/89 - Agree with approach '6/14/89 - Fact'ored into draft- -6/14/89 - Resolved in' principle.
. Ref. 70 QlJ in Ref. 20 (R) - URS/EPRI tanks and heat ' GIP and EPRI report to address-l

exchangersreportRef.T.0([1)' issue

-

9/21/90 - Effect of seismic motion'
in 2 directions addrM sed in latest ~
EPRI/URS tanks and heat exchanger.
report. Sec. 7.3.2. Step 4 and:
Sec. 7.4.2. Step 10 uses maximun
horizontal component

,

+.
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9/21/90

CHECKLIST OF OPLn/w.(ESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

,
Issue NRC Position /Carnent* SSRAP Positlon/Coment* SOUG Position / Comment * Status

H. Trnks and Heat Erchancers (Continued)

20. Use of AISC factors of I.T and Clarify GIP to prevent use of 33% Agree with NRC coment (1,4) SQtG to develop a response.
33% increase of an allowable strength ~

when used in conjunction with 1.7
loadfactor([6)
4/28/89 - Not addressed at this 5/2/89 - Resolved in principle.
time (IJ GIP to be' revised to clarify use of .

.33%

6/14/89 - Agree with approach in 6/14/89 - Agree with approach 6/14/89 - Factored into draft 6/14/89 - Resolved in principle.
Ref. 20, (2J inRef.{0,(W tRS/EPRI tanks and heat . . GIP and EPRI report to address

- exchangers report Ref. {0,({l) issue

9/21/90 - Use of factors addressed .
in latest EPRl/URS tank and heat
exchanger repoet. Sec. 7. of GIP,
Rev. 2 used procedure from this
report.

21. Soil-structure interaction (SSI). Address SSI effect in GIP (16) Agree with NRC coment-(ly SQUG to develop a response
^

effect

. 4/28/89 - Not a dressed at this- S/2/89 - Resolved in principle.
time (W GIP to be revised as described

under Issue H.10

6/14/89 - Agree with approach in
Ref. 20 except criteria for soll -

.6/14/89 - Agree with approach .6/14/89 SSI effect factored 6/14/89 "esolved in principle.'-
in Ref. 20 except criteria for C into URS/EPRI tank 6 ard hesi ~ ' G" are' E'Al report to. address

competency should be 3500 ft/sec.- soil compete,cy should be. ' . exchangers report A t. F issue'
-

(2J 3500ft/sec(2J' ~ Will change criteHe for sc1;
cometency to I.MC 'ttsec-({Jj

'
)";,90 - Resolution in Sec 7.3.2.

3 Step 4 of GIP. Rev. 2

.w
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9/21/90

CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE-

Issue NRC Position /Consnent* SSRAP Pesition/Connent* SOUG Position / Comment * Status

H. Trnks and Heit Exchancers (Continued)

22. Frequency shifts due to Since the fluid level in the tank For practical response . SQUG to develop a respmse -
partially filled tank influences the natural frequency of spectra, the change in

the tank, effect on selecting acceleration with respect to
acceleration from response spectra frequency is not significant
should be addressed (}6)

'

comared to the reduction in
moment loading with a
reduction in tank level (14)_

4/28/89 - Not addressed at this . S/2/89 < Resolved in principle -
time (1J GIP to be revised as described in

Issue H.14

6/14/89 - Agree with approach in- 5/14/89 - Agree with approach 6/14/89 - Factored into draft 6/14/89 - Resolved in principle.
Ref.20(2J inRef.{0(?J URS/EPRI tanks anr1 heat GIP and.EPRI report to address

- exchan e rs report Ref.. Q (2_l) issue

9/21/90 - Resolution for vertical -
tanks'uses maxinun tank fill level
with fuximum spectral acceleration 2

over range of frequencies t 20% of_'.
fluid-structu e modal frequency;
included in Sec. 7.3.2, Step 4 ofi
GIP, Rev,. 2. -

-

Resolution for horizontal tanks has.
'a check for effect of partially -

- filled tank.in Sec. 7.4.2.~ Step 10,
Footnote of GIP Rev. 2.

23. Buckling at top of ' tank Explain why b.ekling at top of tank Buckling at top of tanks is ' -50VG to develop a response . 1-
is not _ addressed .in guidelines (1,6) ' out-of-scope of USI A-46 .

program. Experience data rioes -

not show this.to be a real
-

safety concern (),4)

4/28/89'- Not a t ressed at this- S/2/89 - Resolved in principle.
time ( W - Report to be revised per response.-,

- 3-7 of URS 4/7/89 meno -

.

a
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9/21/90

CHECKLIST OF OPEN/telRESOLVED ISSUES 15 USI A-46 M0GPJpt
HISTORY TABLE

Issue IftC Position / Comment * SSRAP Positton/Camuunt* SGIG Position /f M * hm

it.TadsandHeat(rchenaers(Continued 1

23. Buckling at top of tank 6/14/89 - Agree with approach in 6/14/89 - F w with approach . 6/lc!89 - Factored into draft - 6/I4/89 - Resolved in prhelple.
(contimed) Ref E (u) in Ref. E 12J tRI|EPRI tares and heet . GIF and EPRI report to oddress

4

6 d -, w & report Ref. M ({1) tssue-

9/21/90 - Effect of tenet top .
. buck 11ag addressed in latest,

EPRI/URS ta d and heet enchenger4

report. ' Pmeedum frem this report
sneluded in Sec. 7.3.5 of GIP.

'

Rev. 7.

24. Penetrations and attacinents ~ Provide basis for ignorir g response GIP already adiresses SQUG to tievelop a response
to effect of appurtenances on tenet - attactnents and penetrations -
(13 (14)

- 4/28/89 - Not addressed at this 5/2/89 - Resolved M prMetale.
' time (E) #eport to be revised per response

3-8 of URS 4/T/89 asmo. 61* to be - i
revised to add cowtlen relative to
flexiblitty of attached riping

6/14/89 - Agree with approach in 6/14/89 - Agree with approach 6/14/89 - Factored irrta G eft 6/14/89- Resolved M principle.-
Ref. M (21 in Ref. E (ZW tRS/EPRI tanks and 6 t GIF and EPRI report to address

exchangert Aw'. eref. {0 (ZJ issue

9/21/90 - Resolution in Sec. 7.3.7
of GIP, Rev. 2

25. Anchorage arrangements other Explain why explicit guidelines for Guidelines for other ~

SQUG to tievelop a response
then chairs ~ anchorage arrangements other than " arrangements are covered with

chairs are not needed (13 mort!s in the GIP (31.

4/28/89 - Not addressed at this $/2/89 -- Resolved in principle. , . .;

time (E)' GIP will be revised per response 1

3-9 of URS 4/T/89 meno. GIF will
. clerify that all choirs unest be_
checked

,
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,

CHECKLIST OF CPEN/L*RE500ED ISSUES 14 tfSI A-46 PROGRAM
titSTORY TABLE

issue tuRC Pesttton/Commeat* $$ RAP P s it+yt/f - t*' SGS Posittart/rw* Stata
,

11. Tanks and Heat Exchamers (Cetinued)

25. Anchorage arranganants other 6/It!B9 - Ag*ee with approach in 6/14/89 - Agree with approach 6/14/89 - Draf t tRS/EPRI tads 6/14/89 - Resolved in pr'actple.
then chairs (contfaued) Bef. 2,0_ except etter types cf chair in Ref. M eweept other typ and beat erchengers repert 6IP and EPRI report to adfress

details ~need to be" checked ({D of chair detatis ~rieed to te" - (Ref. Q) discusses trse of issue
checked (2J other types of chste details.

Report will be changed to say
checks of other types of
chairs "needs to be~ performed
(ZJ

9/21/90 - Resolution in Sec. T.3.6
of GIP, Rev. 2

_

- 26. Hoop stress due to vertteal GIP should address hoop stresses Emperience data does not 50VE to develop a response
ercitation .due to vertical excitation (j_6) indicate this to be a failure6

rode (14)

4/28/E3 - Not adfressed at this . 5/2/89 - Resolved in principle.
time (j]) Report to ee revised to include -

discussion in response 3-10 of tRS'
4/7/89 memo

e-
6/14/89 - Ag-ee neith approach in 6/14/89 - Agree with approach 6/14/89 - Craf t tR$/EPRI tanks ' 6/14/89 - Resolved in principle.

-. m 5 report GIP and EPRI report to addressRef. {0 except report steuld note in Ref. E except report and heat e ^ c

that there have net been should note that there ! eve -(Ref. {0) ad:!resses hoop issue'
seisretcally-induced fa ilures frcm ret been seismically-induced stress. . Report will be
hoopstress(2_jJ fatterres from hoop stress (2J changed to note that there

have not been seismically-
in&ced failures in melded ~
tanks frtys hoop stresses ({}J -

9/21/90 - lipop stress effeet

addressed in latest EPRI/URS tad -
and heat enchanger report.
Procedure frtyn this report included
in Sec. 1.3 of GIP. Rev. 7

__
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-9/21/90

CHECKLIST OF OPEN/UllRESOLVED IS$tES Ist USI A-46 PR0rAAM -
HISTORY TABLE -

Issue Not Position / Comment * SSRAP Position / Comment * SOUG Postthrdtament* ' Status
'

. H. Tar *s and Heat Exchanoers (Continued)
- r_

2L Slosh heights frm low frecuency Response spectra can be in error at Each plant can use design FSAR SQUE to develop a response ~ |
i excitat ion low frequencies so that calculated response spectra which are

slosh heights will also be valid at low frequencies Q4,)*

Questionable (M)

4/28/89 - Not addressed at this . S/2/89 - Resofwed in principle.'
time (13 Report to be revised to inchade ..

discussion in response 3-11 of tRSr..
; 4/7/09 nwe _

'

l 6/14/89 - Agree with app-oech in 6/14/89 - Agree with approach- 6/Is/89 - Draf t URS/EPRI tares ^. 6/14/89 - Resolved in principle.
Ref. 2_0 except that report should in Ref; 2_0 except that report- and heat e4- -,-=. s report GIP and EPRI repe-t to add-ess '
state that slosh height Ilmits are should state that slosh height . (Ref. {0) addresses slosh issue
based on judgerent ( R) limits are based on judgment height and freeboard

(H) - clearance. Report wili be
cheeged to note that slosh ~
height limtts are besed on
judipent but believed to be
conser-ittwe(R)

9/21/90 - $1osh heights ord !
freeboard cletrence are addressed
in latest EPRI/URS tore and heet --
exchaager repo-t. Procedre freur .
this report included in Sec. 7.3.5'

of GIP. Rev. 2.

.

T
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C!ECKLIST OF OPE 4/tMRESCLVED ISSE S IN IF5I A-45 PROGRAM
fil5 TORY TABLE

!ssue NRC Posit ton /Coment* S$ RAP Position / Comment * $0llE Position /f M * $M =
_

I. Miscellaneous GIP Tooics

.1. Systems engineer cualification Should ren: sire extensive experience Agree with SOUG position (14) while extenstee esperience and MRC to decim nt acceptance of SOUE
a d broad trderstaMing broad understanding are- position; approve Rev. 1 of GIP

Q:III.A.2.1)' desirable, ttey are not
coasidered v=cessery since
engineering judseent is fet a
key feature in selection of
safe shutdown equipment. List-

. is doctmeted and can eesity
berewtewed(blII.8.2.1). no
change to GIP is necessary.

4/28/89 - The staff does not egree. 5/3/83 - Disagree tvt will . 5/3/89 - Resolved with disagre--
the staff believes that the quali- accept NRC posit h sent. GTP to be revised -
fication of system engineer for the
im W tation of A-45 should
include extensive experience and
broad understanding of the nuclear
power plant system (W

I gip, Rev. 2
9/21/90 - Resolution in Sec. 2.2 of

.

2s. Qualifications for seismic should include a structural, a- should have erperience in. GIF Rev. 2 anil te revised as - 50VG to address ist GIP, Rev. 2
capabliity mter engineers nechanical, and en electrical . nucieer plant eer+.hg: sake agreed with $3 RAP (DApp.,

. engineer Q: App.. Sectica 2.1 and. engin m ing and have. . Section2.1)(U-
7) experience in structural or.

rechanical engineering. -- Net =
necessary to require vain kuse

. .
.

years of expe"ience Q , },4)
4/28/89 - The qualifications as . 5/3/89 - Disagree but will 5/3/89 Resolved with -

described in GTP Revision 1 are accept NRC position diw _4. GIP.to be revised
acceptable to the staff and shecid -
not be revised (tie.. five years
experience requirements should
stay)(W

9/21/90 - Reso L*. ton in Sec. 2.4 ef
GIP. Rev. 2

:- .-
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9/21/90

DTCKLIST OF CPEN/ UNRESOLVED ISSUES IN USI A-46 PROGRAM
HISTORY TABLE

Issue NRC Position / Comment * SSRAP Posit fon/ Comment * SOUG Position /rW* Status

I. Miscellaneous GIP Teofes ICmtinued)

Zb. Qualifications for cable tray 4/28/89 - The tasks cf Chapter 8 5/3/89 - Resolved in principle.
evaluation parsonrel (Cable Tray) should also be GIP to be revised

|performedbytheseismiccapability
a"br e"gineer (ID

9/21/90 - Resolution in Sec. 2.4 of-
GIP, Rev. 2

3. Method for estimating GIP should provide guidance on how Wuld like to review Gu6delines being developed and - $005 to address in GIP. Rev. 2
fundamental frequency of to do this Q:lll.B.2.1) guidelines when conclete. will be included in GIP, Rev.
equipment Elaborate guidelines not 2 ([:III.B.2.1)

considered necessary to judge -
M her frequency is greater
or less than about 8 Hz (1J

4/28/89 - Not addressed at this 5/3/89 - Open issue- ' Criteria ~
time (IJ under development. GIP to be

revised

9/13/89 - Ag-ee with resolution in 9/13/89 - Agree with 9/13/89'- Agree with' 9/26/89 - Resolved in principle.
status colum ($ resolution in status coltsun resolution in status column Method for estieneting fundamental

($ ($ frequency of equipment not to be
covered in GIP but covered in $QUE
training course ( @ .

9/21/90 - Guldence for estimeting
natural frequency of equipment to
be covered in training course; GIF -

"

will not imlade this guldence.

_

- .,-.-.L.m..,..,,,,M
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CHECKLIST or CPEN/tmRESOLVED ISSUES It (151 A-46 PROGRAM
HISTORY TABLE

Issue NRC Position /f"-t* $5 RAP Position /Coenent* SG E Position /Camment* Statias
,

I. Ciscella*=ous GIP Topics (Continued)

4 Aud6ts of plant-specific Art t M t audit should NRC plans to conduct such- .None *

'

ig tementation be cone because seismic audits (10;5.1). No chenge to '

evaluatters requires GIP is necessary
considerable engineering
judrent (@s.1)

4/28/83 - TPe staff plans to 5/3/89 - SSRAP sil11 believes 5/3/89 - Resolved per GIP, Rev 1 ,

conduct detailed audits of some an audit is needed for all
plants to fulfill its reguietory plants jresponsibility. The staff agrees
with the $5 RAP recoronendation thata

i. 4 .-4..t audits to be conducted
'

by the industry are an excellent
means of checking the egineering
judgments by the SRTs

4
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CHECKLIST OF CPEN/tMDESOLVED ISSUES Ill USI A-46 Pc0 GRAM
'

HISTORY TABLE
,

Is79e NRC Position /Ccuument* $$ RAP Position /r m t* SGJG PosittartVW* ' Status

J. Trainino Course

1. Approval cf training program MC awroval of training no coment (14) NRC approval is considered $ MRC to doewment acceptance of SOUG
seminar / workshop is required necessary only for Part III of position; approve Rev. 1 of GIP -
Q:V.A.a) GIP. SQUG does not consider

. it necessary to obtain forms 1.

NRC accroval of each detail of
course Q:V.A.a)

4/28/89 not adiressed at this - S/3/89 - Open issue. Criteria
time (W under development

. 5/3/89 - NRC may not write an SER
.

on training

9/21/90 - Dexttotton of training
'

courses covered in Sec. 2.6 of GIP. -
,; 8ev. 2

- 2. Type of personnel to take All personnel involved in A-46 . Lead relay reviewer should be - Only seismic capability seeder . NRC to document acceptance of SOUG ..
training course ~ review, walkdown, ~end audit should trained (@S.6) engineers. NRC auditors, and position; approve Rev. I of GIP '

- take course ([:V.A.b) : . lead relay reviewers need to
receive formel training
Q:V.A.b and 10js.b). No

;
,

change to GIP is necessary
i

4/28/8,-Thestaffagrees'(W 5/3/89 - Resolved per GIP, Rev.' I
1

.

j -
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' DiECKLIST OF OPEN/UNRESOLVfD ISSUES IM t!SI A-46 PROGRAM
HISTOPY T ELE

issue NRC Position /Comument* S$ RAP Position /Comument* SOUE Position /r W * Status

K. Ge w ie letter 87-02 and ticensino Issues

1. Plant-specific SERs Plant-specific SERs will be +sstml Mo cement ([8) SCUG accepts NRC position (U NRC to document their position -
for each USI A-46 plant based on
the walkdown sunenary report from
the utility. The utility should
also send a letter to the leRC when
all corrective actions are conplete

([: App.. Gen. Co e t 5. andi

j .- {; App. Stecific Carvaeat. a wf U
.

t

! 4/28/89 - The staff considers this- $/3/89 - Resolved per GIP, Rev.1.
issuetoberesolved(W Plant-specific SERs to be issuad

2. Appilcability of USI A-46 USI A-46 rules can be used for all Out of scope cf SSRAP's area After issuance of the plant- NRC to doewment their stated
criteria to any equipnent in electrical and whanical equipment of responsibility ($ . spectfte SER resolving A-46, a position in SER and document
plant in plant provided: . licensee mey revise the plant acceptance of SQUE position;

' design bases relating to . approve Rev. I of GIP -
~ Equipment reviewed /we1&down in seismic requirenents for

accordance with GIP. and -- mechanical and electrical
equipment to reflect the A-46

Equipment changes. modiflea- resolution Q:I.3.0) .'

tions. and replacements are
perfonned in accorda ce with

' GIP. and

* Tte GIP is maintained in'a
usable' orm in the future with ,

18RC ar,,roval of significant
. Chaw as,

with 8.ne exception that the A-46
rel",s will not supersede other.

s'ecific consnitsents made by
licensee to meet other sere
theiting ceismic qualification
criteria (e.g.... Reg. Guide 1.97
TMI Action Plan. etc.) Q: App.,
Specific Conssent, and 2: App.,
Section 2.6.3 and D -

_

__u,__
_
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CHECKLIST OF tFEN/tJNRE50LviiD ISSIES In (GI A-46 PROGRAM
NISTORY TABLE-

Issue mRC Position /Canneet* 55 RAP Position /Caswit* $(WG Position /r W * Status

K. Generic letter 87-02 and ticenstra Issues (Continued)

2. Applicability of tGI A-46 8/28/89 - 8et adfressed at thts 5/3/89 - Open issue. ' Criteria
criteria to any ecrJiprent in t tre (11) being evaluated by NPC
plant (continued)

,

9/21/90 - 8esolution in Part i,
Sec. 2.3.4 of GIP, Rev. 2.

3. Ezriprent *equired for Reg. Open pending Not staff revier and 8eo coment (I4) - Ecuiprent 'in scope of Beg. ilRC to document acct.ptance of SOUS .- --
Guide 1.97 but not for (GI A-a5 acceptance Q: App., Section 1.2 and'

.

Guide 1.97 is not required to position; approve Rev.1 of GIP
7_) be seismically qualified

tsnless it is also required to - - -

achieve and maintain safe.
. shutdewt for op to 72 Peves. :
1.e.. It is ce the USI A-46

' SSEL Q: App.'.. Section 1.2). -
'

4/28/89 - The A-46 critet 4 would 5/3/89 - Disagree but will 5/3/89 - Resolved with
not apply te electrical aJ

.

eccept mRr position. GIP. to disegreement. . GIP. to be revised
mechanical equipment for which be revised
other selsreic Itcensing criteria
have been igned/cowitted to by
the licensee. This restriction is '

interpreted to mean that t N A-45

criteria would ret supersede any
plant-specific ' license comitments
to uttitre cther seismic
Cualification criteria (e.g., for
Reg. Guide 1.97 and TMI Items -

- II.F.2 equipment)

9/21/90 - Resolution in Part I. -

Sec. 2.3.3 and 2.4.2 of gip, New. 2

_
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CHECKLIST OF OPEN/tMDESOLVED 155tES 14 USI A-a6 PROGRAM
HISTORY TABLE

Issue NRC Position /Comunect* SSRAP Positfon/ Comment * SGNi Position /CW.* $*

K. Generic letter 87-02 and ticeesino issues (Continued)

4 Ecuipment Operability NRC accepts 50uG s resition (7J me coment (14) Equi: ment operabtitty, as NRC to decisueet acceptent. of SOUG
related to egutpe out-of- position; approve Rev. I of GIP
service, is beyond the scope
ofUsiA-46()7 Deleted fran<

GIP Q:II.A.1) -
4/28/89 - The staff has see S/3/89 - mRC position S/3/89 - Open issue. NRC to
concern in &ieting Sections represents a chemje in design evaluate SQUG positton
3.1.2.4 and 3.3.7 of GIP basis of plant. Util egree to
sevision 0. The staff agrees that this position if met wt11
it is unlikely that an earthquake - agree to allow reviston of
will occur (v.w .v.;1y with having plant design bests per SQUG
redundent ceponeats out of service position in Issue K.2
e-ovided that the sliowable outage
twe is appropriately limited oc
strictly controlled by piant
technical specifications. , However,
the staff believes that the
statenent in paragraph 3.1.2.4 of
GIP Revision 0 is iapertant and its

should be put back in the GIP. In- -
'

addition, the staff believes that

the second sentence of second
paragraph in Sectton 3.3.6 of GIP
Reviston I should be sodified as
follows:

"If an ites of eculpment-is taken .
cet of service for mintenance and
the allowable outage time is
controlled by technical specif t-
catfen or appropriately limited.

- - then that item of ecutament is' const& red the single failure
equi;:vuent for the purpose of this
procedure".

With these changes, the deletion of
Section 3.3.7 of GIP sevision 0 is
acceptable.4

9/21/90 - Resolution in Part I.
Sec. 2.4.1 of GIP. 8 v. 2

i

e
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A 46 PROGRAM [

REFERENCES

& Document Descriotion

1. NRC Generic Safety Evaluation Report (GSER) based on GIP, Rev. O.

2. SQUG Response to GSER based on GIP, Rev. O, September 21, 1988.

3. Generic Implementation Procedure (GIP), Revision 1 December 1988.

4. ANCO Report 1087.740, " Supplementary Studies, Generic Seismic |
Ruggedness of Power Plant Equipment,t December 1988.

S. SQUG Report of Technical Review Meeting held on 1/17-1/19/89,in !
San Francisco, CA. '

6. NRC (P. Y. Chen) informal comments on tank and heat exchanger ,i
evaluation criteria telecepted to Mr. Wm. Schmidt just prior to SQUG !

Technical Review lleeting on 1/17 1/19/89.

7. Memorandum to SQUG Utilities dated 9/23/88 from Wm. R. Schmidt, |documenting tentative agreements reached with the NRC staff on ;

significant licensing issues during a meeting on 9/20/88. j
r
i 8. NRC (Structural Branch) informal comments on GIP, Rev.- 1, telecopied

'

to Mr. R. Starck on 1/30/89. .

:
9. NRC Memo (G. Bagchi) dated 1/24/89 with enclosed report-of meeting' ;

held on 12/1/88 between NRC, SQUG, and SSRAP to address anchor bolt
,

issues.
,

10. SSRAP comments on GIP, Rev. O and SQUG's response to them, dated f

11/16/88. >

,

| 11. MPR (J. Betlack) meeting report dated 8/S/88 d>cumenting agreements'

reached between SQUG and NRC on relay evaluation criteria.

12. SSRAP Report dated 8/26/88, "Use of Seismic Experience and Test Data
to Show Ruggedness of Equipment in Nuclear Power Plants."

;

13. MPR (R. Starck) meeting report dated 2/24/89, documenting agreements freached between SQUG. SSRAP and the NRC staff ca anchorage criteria :

during a meeting in Rockville. MD, on 2/16/89. '

14. NRC's and SSRAP's position / comment on the checklist of open/ unresolved
issues in the USl A 46 program were provided to SQUG during the ;
SQUG/SSRAP/NRC meeting on 3/17/89. Also see report of this meeting. j

i

72 - |
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN US! A 46 PROGRAM i

REFERENCES (Continued) :

A Document Descriotion

15. NRC (Reactor Systems Branch) comments on GIP, Rev.1, telecopied to R. |
Starck (MPR) on 2/28/89.

16. NRC (ESGB) additional comments on GIP, Rev. 1, Section 7, " Tanks and
Heat Exchangers", dated 3/14/89, given to SQUG and SSRAP during
3/17/89 rneeting,

,

17. NRC (L. Marsh) letter dated 4/28/89 with enclosure stating NRC |
position on Checklist of Open/ Unresolved Issues in USI A 46. !

18. NRC (L. Marsh) letter dated 5/12/89 and Enclosure 2 clarifying the NRC !
position or the Checklist of Open/ Unresolved Issues in USI A 46. '

19. SQUG (W. Schmidt) report of USI A-46 Technical Review Meeting held in
Bethesda, MD, on 5/18 & 5/19/89.

20. URS/Blume (D. Jhaveri) memo dated 5/30/89 forwarding revised draft,

Tank & Heat Exchanger Report.
'

21. SQUG (W. Schmidt) report of USI A 46 Technical Review Meeting held in
Rockville, MD, on 6/13, 6/14, and 6/15/89, e

22. NRC (L. Marsh) letter dated 6/8/89 with enclosures addressing (1) S&A
| method for developing in cabinet response spectra, (2) ground motion

for MOVs in experience data base, (3) anchorage criteria, and (4)
ANCHOR 2.0. .

23. Conference calls between NRC, EQE, SSRAP, KMC, MPR on 6/27 and 6/28/89
to discuss applicability 3xDL check for non ductile lateral support
systems for cable tray systems.

24. NRC (T. Marsh) letter dated 7/19/89 with enclosures addressing'the
following topics:

(1) SWR 1 7/5/89 letter on ANCHOR 2.0
(2) SWRI 7/5/89 letter on Relay Seismic Evaluation Approach
(3) BNL 7/21/89 letter on review of SQUG Relay Report
(4) BNL 6/12/89 letter on GE HFA Relay Seismic Qualification Data
(5) BNL 1/89 draft report on Seismic Fragility of Nuclear Plant ,

Equipment, Vol. 11
(6) Whlie Labs 3/24/89 report on Seismic Fragility Test Program on

Various Relays >

,

*
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A 46 PROGRtM

REFERENCES (Continued) ]

Rg.,, Document Descriotion

l
25. MPR (W. Schmidt) report of USI A 46 Technical Review Meeting held in i

Rockville, MD, on 7/26 and 7/27/89.
'26. MPR (W. Schmidt) report of USI A-46 Technical Review Meeting held in

San Francisco, CA, on 9/13 and 9/14/89.

27. MPR (W. Schmidt) report of USI A 46 Technical Review Meeting held in i

Bethesda, MD, on 10/26 and 10/27/89.
.

28. MPR (W. Schmidt) report of USI A 46 Technical Review Meeting held in ,

Washington, DC, on 11/15/89. !

29. SQUG (N. Smith) letter to NRC (L. Marsh) dated 12/S/89 forwarding the
following two position papers:

SQUG Position Paper, Seismic Qualification of New and.

Replacement Equipment in USI A 46 Nuclear Power Plants,":
l

dated 11/3/89. ,

SQUG Position Paper, " Technical Basis for Excluding NSSS.

Equipment and Supports From the Scope of USI A-46," dated
10/16/89.

,

L

30. MPR (W. 5:hmidt) report of USI A-46 Technical Review Meeting held in
'

Clearwater Beach, FL, en 12/12 and 12/13/89.

| 31. MPR (W. Schmidt) report of USi A-46 Technical Review Meeting held in
| Rockville. MD, on 2/1 and 2/2/90.

32. Westinghouse (R. Wiesemann) letter to NRC (T. Murley) dated 12/5/88
objecting to the NRC's use of the GERS for resolution of USI A-46,

33. MPR (W. Schmidt) report of meeting between representatives of'SQUG
Steering Group and NRC-NRR management held in White Flint, MD, on
2/2/90. '

,

34. Westinghouse (R. Wiesemann) letter to NRC (T. Murley) dated 4/11/90
withdrawing Westinghouse's o'Djections to NRC's use of the GERS for
resolution of USl A 46.

t
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CHECKLIST OF OPEN/ UNRESOLVED ISSUES IN USI A 46 PROGRAM

REFERENCES (Continued)

A Document Descriotion

35. MPR (R. Starck and J. Betlack) report of USI A 46 Technical Review
Meeting held in Lake Geneva, WI, on 7/10 and 7/11/90.

36. URS/Blume (D. Jhaveri) report of meeting between URS/Blume, EPRI, and
members of SSRAP held in Palo Alto, CA,.on 8/24/90, to discuss
inclusion of additional expansion anchors in anchorage report.'

O
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'
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Part I

LICENSING AND' IMPLEMENTATION GUIDELINES

1.0 INTRODUCTION

1.1 Backaround

In December 1980, the Nuclear Regulatory Commission. (NRC) Staff initiated '

an unresolved safety issue, USI A-46, " Seismic Qualification of ' Equipment-
in Operating Plants," related toiseismic- adequacy of mechanical and
electrical equipment in older nuclear plants. After4 substantial technical.
research by both the Seismic Qualification Utility Group (SQUG) and the-
NRC regarding this issue, the Staff published, on February 19, 1987, a
detailed approach for resolving USI A-46, in Generic Letter.87-02,
" Verification of Seismic Adequacy of Mechanical- and Electrical ( 't in

Operating Reactors, 'Inresolved Safety Issue (USI) A-46." ~ Impit n
*

guidance for generic and plant-specific resolution of A-46 was pr. ;in4

an enclosure to the Generic Letter, entitled " Seismic Adequacy Ver1tication

Proce w e" (herein referred to as the Generic Letter Procedur9).

The resolution methodology for _USI A-46 is based, in part,- on the belief '
.

that there is adequate margin in the seismic capacity of properly-anchored
equipment in older operating plants. It -should be notedithat trial. plant. |

walkdowns conducted to date support this conclusion. The. purpose of USI
A-46 is to verify this conclusion.

The Generic Letter Procedure sets forth an approach for verifying. seismic
adequacy of equipment using earthquake experience data supplemented by test
results, as necessary. Utilities subject to USI A-46 are encouraged _to.
participate in a generic program to accomplish seismic verification of
equipment. As a result, SQUG developed this " Generic Implementation

Procedure (GIP) For Seismic Verification of Huclear Plant Equipment."

I

i
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| 1.2 Puroose of the GIP

- . 1
The GIP provides the detailed technicalfapproach,' generic procedures and
documentation guidance'which can be used by NRC: licensees to verify the: ~]
seismic adequacy of mechanical and electrical safe shutdown equipment. In: J
this regard, the GIP also contains all of the activities-necessary- for >

resolution of USI A 46.- I
.

This method is sufficiently rigorous to provide a level of safety _
comparable to that achieved by-the current' requirements applicable to 5

nuclear power plants in areas such as.. testing and qualification methods, j
for existing equipment as well as new ~and replacement. equipment. - The USI l
A-46 (GIP) methodology is primarily a conservative screening: process. '

However, if safe shutdown equipment should' fail to pass the initial =
,

screening, i.e., it is classified as an' outlier, more detailed methods for
3

verifying its seism.ic adequacy are provided in Section 5 of.Part II of the
GIP.

Because the GIP will be approved by -the NRC-in a safety evaluation repoht
(SER), it provides an NRC-accepted method to verify the seismic adequacy of

.

equipment and to resolve USI A-46~ for individual plants. Every aspect of
.

the Generic Letter Procedure has been fully considered in development of '!

the GIP. Therefore, licensees (and the NRC Staff.during . review) will be
guided solely by the GIP without' reference to the Generic Letter.

| The GIP contains two major Parts. Part I introduces USI A-46 and its
resolution and establishes , direction on specific licensing and '

| implementation issues. Part II provides direction on.how to apply the
generic procedure to a. plant-specific implementation. Part II also '

includes direction for selecting seismic evaluation personnel, identifying.
safe shutdown equipment,-performing screening verifications and
walkdowns, and resolving outliers.

2

1
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1.3 GIP Couritments and Guidance

Each section of Part II of the GIP (except Sections I and 10)_is divided
into SQUG comitments (generally the "X.1" paragraph of each section, where
"X" is the section number) and implementation guidance in the remainings
paragraphs of that- section. .-The commitments are key features of each j
aspect of the program. For the USI A-46 verification of seismic adequacy '

of electrical and mechanical equipment'in response to the Generic i.etter, !

licensees agree to--. implement the comitments as stated or. to notify the NRC
in writing if,a GIP comitment is not implemented.- The remaining.. guidance _!

in the GIP comprises suggested methods for implementing the'r-ted
commitments. SQUG members may use the suggested methods or may substitute.

i

equivalent methods without notifying the NRC. However, SQUGLmembers should

be prepared to explain why the substituted method _is equivalent.

For purposes of USI'A-46 resolution,. licensees will be bound by the !
comitments specifically set forth in their docketed- submittalsi 1.e., the 1

comitment sections of the GIP as modified _by any written; exceptions. NRC

inspections related to USI A-46 will focus solely on whether, each.-
,

1
licensee's comitments as noted above have been met. 1

!

2.0- ISSUES AND POSITIONS
!

2.1 Introduction

Development of a generic program to resolve USI A-46 has led to a number of
licensing and implementation issues,'some of which are covered in this a

Section and some of which are covered in other parts of the GIP. Issues {

addressed in this Section generally pertain to the _ licensing-aspects of the f
A-46 program, the impact of related NRC requirements (such as reporting' !
regulations) on the implementation of the generic program, and technical
matters which have been the subject of considerable discussion between SQUG
and the NRC and have a significant impact on the implementation of the
generic program.

3
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Identification and resolution 'of- A-46: issues have been the result of
evolutionary processes, starting with the Generic Letter and continuing ~to- ,

the'present. These processes'are documented by the references:. listed in (
Section 4 of Part I of the GIPj ; starting ~with the SQUG response to the |

Generic Letter (Reference 2-of Part.I).- The: primary issues contained inL 't ;

these references have beenLaddressed and incorporated into the GIP. Each j
revision of the GIP, including this- revision, contains. prior resolutions or'
positions ~ont unresolved iss'ues. For example,. Revision:0 of the GIP > l
included.. issues identified by SQUG in response to the Generic Letter. The: L!

-

Safety Evaluation' Report (SER) prepared' by the NRC) based on Revision 0.of. L
~

the GIP resulted in a new set.of issues;and; positions that were-
subsequently included in' Revision'.1 of theiGIP. SQUG-intends to continue l

. 1
the process of revising the-GIP to' capture resolved' issues as well as to j

ireflect' current- issues and positions . '

o

)
L The SQUG " Checklist of Open/Unres~olved Issues in the USI"A-46 Program"'n '

.(contained in Reference = 7 of. Part I) -which is provided regularly to the',

NRC Staff for. review and concurrence, summarizes.-the resolution history ofL
many of these issues and cross-referencesisupporting; documentation
containing details 'of the resolution. . SQUG may revise this Checklist from.-

|
time to^ time to track issues from-identification to resolution.: The.
Checklist may provide valuable information if future questions'arise as--to

.

the scope and-intent of these issues' Documents referenced in this-

Checklist and in other sections of the GIP should be-referred io where more
detail is desired or the ' historical development of an issue is' of. interest.-

;

,i

The remainder of-this Section of Part I documents SQUG's position on some-
'

of these issues, and- for clarification provides examples of possible ~
L licer. sing issue scenarios. The examples are merely accepted methods to

resolve these issues on a plant-specific basis; other methods may also be
used. "

a
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2.2 Interoretations of Guideliner

2.2.1 NRC Concurrence. Words such as "in _ general agreement with," when L

used by the NRC Staff in correspondence and SERs relating to the GIP, mean'
.

full concurrence with the relevant GIP section unless the Staff indicates -
specific areas of disagreement.-

2.2.2 The Role of SSRAP Durina Imolementation of A-46. 'The Senior Seismic
Review and Advisory Panel- (SSRAP) w.s established to provide technical;
review of SQUG. efforts in developing a generic program to resolve USI- A 46:
through the- use of experience: data 'on equipment in industrial'-facilities
which had been subjected to strong motion seismic events. SSRAP''s --

functions and responsibilities were_ defined and agreed upon mutdaily by
SQUG and the NRC Staff.-. SSRAP's tenure will end;as a group'at the
completion of the development-of the GIP. SQUG may reconvene-SSRAP from'

time to time for assistance on generic matters. Use of SSRAP-for such I

generic tasks, however, will be at the discretion of SQUG.,
!

1

2.2.3 Anymptions. Section 3 of Part II of the GIP sets forth the basic j
assumptions regarding plant conditions to-be used by SQUG members..

i2.2.4 Comoletion Reoorts. To' resolve USI' A-46, the Generic Letter . '

Procedure provides for submittal 'of an inspection report by each licensee-
upon completion of the plant walkdown. Licennes using the GIP:for s

resolution may: satisfy this USI A-46-report provision by' referencing the
GIP and by providing a plant-specific summary report, including'a proposed
schedule for future modifications and replacements, where appropriate.
Details regarding.the contents of the report are contained in Section 9 of-
Part II of the GIP. Each memoer utility will_ also provide a completion
letter advising the NRC that any corrective actions identified in-the
summary report or agreed to with the Staff as a result of other related
correspondence have been completed.

-

5

.



- , + . ~ ~ - - . . . .

''
,

Revision 2 a> ,

:
;

2.2.5 Reportability and the Need for JCOs. USI A-46 resolution >

methodologies:do.not cimpose any additional reporting requirements beyond.
the submittal requirements of Section 2.2.4 above, nor'do they require' i

preparation of1 Justifications for Continued Operation (JCOs) unless. -f
necessary to meet. existing regulatory requirements applicable to the ~
licensee,_ including |the requirement: to_ operate the facility in a manner'

.i

that will_ not endanger the public health and safety.- (It should be noted -
that the JC0 referenced above need not'~necessarily be submitted to the NRCi

staff.) J

'i
'Thus, failure ofiequipment to q tt GIP initial screening or' outlier i

resolution' guidelines does not, of. itself, give rise to a need for thel f
licensee to consider.a JC0 or reporting 'nder applicable reporting

'

u
|

requirements unless the plant has modified its commitments to adopt the:USI_ -[
A-46 (GIP) methodology as its licensing basis' for seismic-qualification i

of electrical and mechanical equipment. However, if- a determination is )
made that equipment failing to meet the GIP initial screening.or outlier'
resolution guidelines does not meet the existing plant licensing or. design

~

'

bases, including specific-plant commitments and requirements, the licensee
must consider reportability and operability, implications pursuant to
Technical Specifications and 10' C.F.R. 69'50.72:and. 50.73, among ~others as -

appropriate, including the need for a JCO. Non-safety. grade equipment i

selected for use in A-46 is not exempt from. reporting requirements; I

| 2.2.6 Multiolier for Eouioment Above the 40-foot level. It may be
possible to justify seismic demand multipliers based-on ground response for

,

equipment above 40 feet. (Note: Section 4 of Part II uses a 1.5
multiplier for equipment below-about 40 feet.') 'If the ' seismic demand study

;

being undertaken by EPRI establishes multipliers above the. 40-foot' level, i

then SQUG may submit this in'a GIP revision for' approval-by the NRC~in
-

accordance with Section 3.0 of Part:I of the GIP.
a

,

i

e

6

|

- - . . _ _ ., .. _ . _ __ --___- _ _ . . _ _ _ _ _ . , _ _ _ _ _ .___



- -- - . . .- . . _ . .. . . .. . - - .
,

l';

| Davirion 2. !

|.

2.2.7 Maintenance Proarams. Existing preventive maintenance.and
inspection programs, as required by existing NRC requirements, will' suffice '

to meet the maintenance and inspection guidelines for USI A-46. For '!
example, during individual plant walkdowns,- tightness- testing of bolts and a

visual inspection to determine that bolts are not missing or obviously ;
loose are covered in Section 4 of Part II of the GIP. It is not necessary*

,

to establish a program to periodically reinspect tigh_tness a# tor the
|

walkdowns.
i

2.2.8 Imolementation Schedule and Postoonements. An implementation
schedule need not be provided to the NRC staff until the final SER on the -
GIP is issued and open issues are resolved. Each licensee will commit to a
final date (for example, a calendar date, or optionally', a 'specified number,

.

of days after completion of a given- refueling outage).for submitting to.the
.

L Staff a report summarizing the results of the: A-46 review (see Paragraph-
<

l 2.2.4 of Part I). Any delay beyond that date should be justified to the
Staff; however, the licensee may organize and conduct.its-review as.

.

necessary to meet the scheduled date.

2.2.9 Ihird-Party Audits. SQUG will not provide for third-party audits;
however, the NRC may require individual licensees to provide such audits'

,

after appropriate-Staff justification in compl.iance with NRC Staff s

procedural requirements. '

2.2.10 Plant-Soecific SERS. Plant-specific SERs bi sed upon the summary
report of walkdown results will- be issued by the NRC to close USI A-46 on
each docket.

'

2.2.11 Achievino and Maintainina Hot Shutdown. -Licensees are to. identify
equipment necessary to bring the plant to, and maintain it in, a' hot
shutdown condition during the first 72 hours following a' Safe Shutdown

- .;
Earthquake (SSE) as described'in Section 3 of Part-II of the GIP.
Achieving hot shutdown within 72 hours may be inconsistent with some

aspects of the licensing and design bases of some plants. Therefore,

7

,

'
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' deviations from the.72-hour hot shutdown-period will-be. considered by the: N

Staff on a-case-by-case basis with sufficient justification. ;

2.3 Comoliance With Reaulations I

L ,

2.3.1 Backfittino. When a licensee concludes that no further action:is |!;
'

g necessary for an ' equipment condition' that fails to meet the. GIP initial
| screening' or outlier resolution. guidelines, but the condition is:not:a
L deficiency against the' plant's current-licensing 1or: design' bases,.-the Staff -

must comply with backfitting requirementsLpursuant to 10 C.F.R.'l 50.109- t

before the' licensee can be required to take'any'further action. The' i
''licensee must notify the Staff of'the condition-in the'' summary-report-(see

Paragraph 2.2.4 of Part 1) and provide 'a justification for not performing
corrective modifications or replacements. of equipment ~. Such justificationi J-

is interpreted to mean that a simple statement will be provided as to-the;
reason for not performing the modifications or replacements. 'The reason 4
may be, for example, that the cost or safety-benefit!of performing such a:
modification or replacement is not_ considered warranted. Licensees need-
not provide an analytical justification for r.ot modifying-the identified
condition.

,

It is the staff's responsibility under 10 C.F.R.K9'50.109 to: firsttjustify i
that the condition must be modified, after which,: modifications maytbe~-

.

required. However, a backfitting analysis is not needed :if'the' condition.
is a deficiency against the plant's current licensing or design: base's. >

| -

2.3.2 Como11ance with GDC-2. Equipment, including.new and replacement
equipment, evaluated and found acceptable using the' USI A-46,(GIP)'
methodology are in full compliance with the seismic requirements.(andinot-
solely the intent) _of General Design Criterion 2 of 10 C.F.R.:Part 50, r

-t
Appendix A, as related to seismic. adequacy. -Use of the USI'A-46 (GIP)
methodology is an NRC-approved alternative method for satisfying the
pertinent equipment seismic requirements of GDC-2 (for those plants where-
GDC-2 applies). >

8

;
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2.3.3 Revision of Plant Licensine Bases. A licensee may, in accordance
with 10 C.F.R.- 9 50.59,- revise the plant licensing bases to reflect that
the USI A-46 (GIP) methodology.may henceforth be used for verifying.the
seismic adequacy. of- existing and new or replacement mechanical and >

electrical equipment within the scope 'of. equipment- covered by the' GIP..

(See Paragraph 2.3.4, below,- for extending the scope of plant equipment to
-

which the revised licensing bases apply, and for treatment of new or. ;

replacement equipment under the' revised licensing bases.) ' |4

The USI A-46 (GIP) methodology shall not supersede any seismic
qualification requirements imposed or committed to in connection with the-
resolution of'other specific issues- (e.g., Regulatory Guide 1.97, TMI
Action Item II.F.2, and Individual Plant! Examination for External Events)-
unless these qualification requirements or commitments:are also revised -

according to appropriate regulatory requirements, e.g., Section- 50.59,.
where applicable.-

;

- i

To help clarify the intent of this section for modifying the licensing
bases of the plant, the following examples are provided.- These examples
explore some, but not all,: of the possible scenarios that:may be. - ;

encountered by licensees when revising their licensing bases.to adopt the i
USI A-46 (GIP) methodology (or an alternative) as the method for verifying !

seismic adequacy of-electrical and mechanical equipment withinLthe scope of j
equipment covered by the GIP.

Example 1: Revising the plant licensing bases when the plant is not-
currently committed to using any specific method to verify-

,

seismic adequacy of equipment, and-there=are no specific
commitments to seismic : qualification requirements for 1

equipment connected with the resolution of other specific
issues. q

O e

,

|
.
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When a plan't has no general-~comitment to methods or

standards for seismic verification or qualification ~of.
-equipment, i.e., the FSAR is~ silent',7'and no specific-
licensing commitments. exist for' specific issues (as:

' discussed in Example 2, below), the plant- may adopt the USI-
A-46 (GIP) . methodology without ' specific notification of the
NRC. This.is neither a license' change nor:a. change to'thec
facility-as' described in the FSAR. Nevertheless, as with-
any change in the plant proceduresLor methodology for
evaluation of- plant adequacy. the basis- for' the- change -
should be documented. |0ne20ption ~ available is a safety-

.

evaluation pursuant to 10 C.F.R. 6 50.59 together with;a-

formal FSAR change (if appropriate) in:accordance with

10 C.F.R. 5 50.71(e).

Example 2: Revising- the: plant licensing bases when the plant is not
generally committed to any specific methodLto verify: seismic-
adequacy, but when specific commitments to seismic

qualification requirements exist for equipment connected'
with the resolution of other specific issues.

(a) For equipment not covered by anytspecific commitment, a.
Section 50.59 safety evaluation.should'be conducted'and the.
FSAR changed (if appropriate) tofreflect the n9w commitment
in the manner suggested for Example 1, above.

.(b) The USI A-46 (GIP)' methodology will not, supersede
seismic qualification requirements imposed or-committed to
in connection with the' resolution of-other specific issues
(e.g., Regulatory Guide 1.97,'TMI-Action-Item II.F.2, and

Individual Plant Examination for External Events).

10
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To substitute the USI' A-46_ (GIP) methodology for. specific;
. licensing commitments such as;these, Section 50.59 must be

followed and the NRC notified, as appropriate.

Example 3: Revising the plant licensing bases when the' pl' ant is
.

generally committed to using-IEEE|344-1971 to. verify, seismic-
adequacy'of equipment, but has no specific = commitments'to

seismic qualification requirements for: equipment connected
with the resolution of other specific issues.

Where the plant has a genera 1Leommitment to IEEE 344-71 and

no other specific licensing commitments exist, a Section
50.59 safety evaluation should be performed and documented.

In addition, if a chan55 to the FSAR is appropriate,. the NRC-
must be notified pursuant to Section 50.71~.

The USI A-46 (GIP) methodology is more conservative than

IEEE 344-1971. Accordingly, for plants committed to.IEEE
|

344-1971,-unless otherwise provided-in .the final SER on the
GIP or the plant-specific SER following~ completion of tt' e'.h

,

USI A-46 resolution, the: change of commitment to the USI = (.
A-46 (GIP) methodology does not' involve ~an unreviewed safety

' question. This does not relieve plantsLof the requirement
of performing and documenting a Section'50.59 evaluation.

Example 4: Revis'hg the plant licensing bases when the plant is,

generally committed to using IEEE 344-1971, and in addition,
.,

has specific commitments.to more conservative guidance for
equipment connected with resolution of specific issues..

:

11
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(a) For equipment not' subject to seismic qualification
requirements imposed or committed to in connection with-the *

,

resolution of other specific issues, the plant may modify ,
,

its commitment to reflect use of-the USI A-46 (GIP) j
L . methodology as described for Example 3, above.

(b) For equipment subject to-seismic qualification!
requirements imposed or committed.to in connection with the'

'

resolution, of other specific' issues,!the commitmentsito the -
, specific' requirements:may be revised a's' described ~in- '

,

paragraph;(b) of Exacple 2, above.

Example 5: This is a variation;of Examples I-4 that-expands ' the scope-
,

of the USI- A-46 -(GIP): methodology to include new and :

replacement equipment and equipment outside'the scopeTof '

s

A-46, when the equipment is within the scope of equipment'|
-

covered by the. GIP.'

OThe scope of: application of the USI A-46. (GIP). methodologyn
-|may be expanded to include all mechanical and1 electrical '

equipment-in the plant, provided the licensee "also commits .
to the guidelines presented in Section 2.3.4 of Part -I= of i

| the GIP, " Future Modifications and|New and' Replacement.
[r

Equipment." A Section 50.59 safety' evaluation should be-
performed and documented expanding the application of the

,

USI A-46 (GIP) methodology from A-46 equipment to the new,

scope of equipment. If-a change to the FSAR is
appropriate, the NRC must be notified pursuant ~to Section 1
50.71.

|

Subsequent to resolution of USI A-46, if licensees take exception to.the
'

GIP criteria and modify those criteria'for plant-specific application, this
i

shall be accomplished by modifying the plant licensin'g bases using the
~

,

4

'

12
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regulatory provision of 10 C.F.R.= 6-50.59. This will- be considered a '

.

plant-specific modification of a licensing commitment, not a modificationL i
of the GIP. :i

- i
L

2.3.4 Future Modifications and New and Reolacement Eauioment.. For'any new:
,

equipment and replacement of or modifications to equipment having seismic. !
~

- requirements (including equipment not evaluated ir. response to A-46), |.
.

,

licensees shall. comply with th'e plant's. licensing bases. Should the !
licensing bases = include use of the USI A .46 (GIP) methodology as an option a

for. verifying seismic ~ adequacy, that methodology may be extended to alk-

~

,,

mechanical and electrical equipment'if and only if the foll'owing Eonditions. ' I
are satisfied:1

,

;

'
1. The equipment is reviewed and/or inspected in accordance with the

GIP;

2. Equipment changes and modifications are; performed in accordance-
with the GIP;- ;

f 3. New or replacement equipment' complies with any one of'thei

\ following: ,

a. If it-is identical -to the equipment' originally' installed -in -
the plant, the criteria-and: procedures .in the GIP apply,

b. -If it is not identical' to the equipment ' originally-installed--

in the plant, the licensee may, on a case-by-case basis
establish the equipment's similarity to the: installed | - t

'

equipment. The definition of' similarity-includes the
following elements: (1) excitation,-.(2) dynamic properties:
and operability, and (3) dynamic response. After.the-
similarity'is established, then the criteria and procedures- '

-

in the GIP apply, or -

t

3 The USI A-46 (GIP) methodology is acceptable and sufficient for
verifying the seismic adequacy of commercial. grade equipment to
be dedicated for safety-related purposes;.for other (non-seismic)
critical characteristics of equipment to be. dedicated, licensees
are-referred to the guidance / requirements delineated in Generic 'o

Letters 89-02 and 89-09 which include applicable criteria of 10
C.F.R. Part 50, Appendix B. ;

-

13:
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c.- If it is not'identicali to-the equipment originally-installed- '

. in the plant and the similarity is.not established, its i
seismic adequacy may be verified by conducting a. plant and' "

equipment-specific evaluation using the : approved USI A-46
L (GIP) procedures ~,.or at the. licensee's option,' application

of current seismic. qualification criteria.or other means.-
acceptable to the staff; and' ;

4. The GIP is to be maintained in a; usable: form in.the- future, with,
NRC approval, of significant changes,< in: accordance with Section 4

3.0 of Part .I of the GIP | The USI A-46-(GIP) criteria and = i
methodology do not supersede.any-seismic qualification .

.

requirements imposed or; committed to in connection with the'
.

:;
resolution' of other; specific issues (e.g., Regulatory Guide I- 97, . 'l7: .

; Three Mile Island Action Item II.F.2, and Individual Plant. ' '

| Examination for External Events) .unless those' requirements' or: '

commitments are revised according to. applicable regulatory;
requirements.-

' '

|
o

- A-46 (GIP) criteria may be applied to' modification or repair of existing y

anchorages (e.g., anchor bolts or welds) including one-for-one' component -- !

. replacements (e.g., replacing bolts'in one-for-one component | replacements)
,

and for new anchorage designs. However, .: allowable anchorage loads, i .e.,
factors of safety, currently recommended for new n'uclear plants, should be h
met for new anchorage designs - -f

When verifying the seismic adequacy. of replacement'. equipment, some

flexibility will be allowed'in considering the: safety function of f the
equipment. For example, as discussed in Section 6 of Part~ II, a relay may

,

either be shown to be seismically adequate during.an SSEL or it may be:
determined that its function is not necessary for safe shutdown, in which
case it is not an essential relay and seismicLadequacy need not- be

~

-

verified. Similar functional. screening is applicable to~ other parts of-
,

replacement equipment.

2.3.5 Resolution of USI A-40 and A 17. Utilities' implementing the GIP and
successfully completing the A-46 resolui on, including tanks, heat
exchangers and seismic spatial systems interactions, will-have fully ;

addressed, without any other. actions, USI A-40 (Seismic Design' Basis), as
.

it applies to seismic adequacy of tanks and heat exchangers, and USI A'17-

14
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(Systems Interactions), as it applies to spatia 1Linteractions. ' Resolution -
~~' of~A 46 thus closes the remaining seismic. issues associated with these 4

*
USIs. 4

'

2.4 Eouioment Selection and Verification

)
'

2.4.1 Ooerability and Redundancy.- In general,. operability rad
availabi1Ry of A-46 safe shutdown' systems and components till be governed

- by existing plant Technical Specifications. . In.all cases, unless-in
conflict with a Technical Specification.or'.a license condition, the USI.
A-46 (GIP) methodology may be used to assess operability as related:to *

seismic adequacy. *
,

If an item of equipment is taken out of service for maintenance and the
allowable time is controlled by a Technical Specification or'is
appropriately limited by administrative controls,.that item of equipment is
considered the single-failure equipment-.for the purpose of this procedure.

'

Thus, the plant system containing the out-of-service equipment need not
" withstand a single failure in addition to the equipment.taken out=of'

service.

Where a licensee concludes that' A-46 safe shutdown equipment. not' currently -

covered by Technical Specifications should be available during plant
operation and, therefore, controlled, the licensee may develop either.
administrative controls or additional Technical-Specifications,' at its
option, for that equipment. Administrative controls for A-46 equipment not
subject to Technical Specifications..should (1) address the' operability of
redundant components or alternative means for achieving and maintaining-
safe shutdown prior to removing A-46 equipment from service, and.(2)
establish a maximum amount of time the A-46 equipment may be out of
service, considering the probability of an earthquake during the
out-of-service period.

;

15
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.

'2.4.2 Reaulatorv ' Guide 1.97 Eauinment.- Post-accident monitoring i

instrumentation as reflected in Regulatory Guide 1.97 shall be ' verified
seismically adequate according to plant-specific commitments agreed to with
the NRC Staff, which may involve resolution using the''USI' A-46 (GIP) |
criteria. Meeting the seismic commitments agreed'to wd a the NRC Staff. J

regarding. Regulatory Guide 1.97 will' fully resolve USI A-46 for th'at
'

equipment..
.I

2.4.3 Instrumentation and ' Controls. Section 1 of:the Generic' Letter. i
~

Procedure suggests that safe shutdown equipment should be selected to, f

among other things; "[m]aintain control room-functions and instrumentation
and' controls necessary to monitor hot shutdown."- In this. regard.

<

Ti reference to-the control room does not preclude reliance' on local.

instrumentation; and ,

This guidance only applies after the period of _ strong motion from the.

l earthquake.

9Details regarding the use of instrumentation and controls to monitor and
control the plant shutdown are contained .in Section 3 of Part'II of the' j

GIP.
,

I 3.0 REVISIONS TO THE GIP

1

It is anticipated that the GIP will be a living' document, undergoing
revisions from time to time. Revisions to the GIP' criteria may,be'made
generically (e.g., by SQUG with NRC approvi?). Generic changes to the GIP |

,

will not apply retroactively to licensees committed to an earlier revision
unless the licensees specifically. commit to the new revision or, ~as a :

result of the safety significance of the issue, the. Staff.. finds the change
in position is warranted after following appropr.iate NRC regulatory
controls, e.g., 10 C.F.R. 9 50.109,

16

.

i

. . . .- y . - .w. _ . , , . - . < _ - - b__ _-,e. - - - - E--- -<



.

__ _ _ . _ _ - -- - _ _ .- .

'
.

I*

s

' ' '
-Revision 2-

Where a cognizant industry organization (e.g.',: SQUG,IEPRI or NUMARC) seeks

a significant generic revision of the' GIP,,it must first' submit the j
recommended change to the NRC . Staff for. review and approval. '(A _;-

significant change is one that would be on a general level of an unreviewed !
safety question, as defined in 10 C.F.R.' 6 50.59.) The- Staff will review
the recommendation and provide its response in an SER. Changes that are |

not significant mayzbe made by.a' cognizant organization and may be'provided' .;

to licensees without NRC staff approval.> ]
Unless the change is made retroactive by the Staff; as discussed ab'ove, >

licensees have the. option of modifying their licensing bases _(using the
Staff SER as justification) to commit to the new revision. In modifying

i
' the licensing bases, licensees will be required to follow the provisions of:

10 C.F.R. 6 50.59, where appropriate.
,

;
-

In addition to generic changes to the GIP, an individual licensee may
modify its licensing bases using the regulatory provision of 10 C.F.R.. .|
6 50.59. This may result in plant-specific modifications.to the GIP
criteria, as discussed in. Paragraph 2.3.3.:of Part I. This'isLeonsidered'to a

be modification of a plant commitment,'not a change to the GIP.

!4.0 REFERENCES FOR PART I .

|

1. NRC Generic Letter 87-02, issued February 19, 1987.

2. SQUG response to Generic Letter 87-02 sent to T. Murley -(NRC) by
N. Smith (SQUG Chairman) on October 9, 1987'.

3. SQUG Generic Implementation Procedure, Revision 0, issued June
1988.

4. NRC Safety Evaluation Report on-Revision 0 of the GIP, . issued -

July 29, .1988.

5. .SQUG response to NRC Safety Evaluation Report on Revision 0 of -(
the GIP sent to L.C. Shao (NRC) by N. Smith (SQUG Chairman)'on'
September 22, 1988.

.
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6 .' Generic'Implemer.L.Limi Prov: dure, Revision'1, issued- December 23, '

,1988. .

<
.

7. " Checklist of Open/ Unresolved -Issues- in USI A-46 Program,". dated - *

Septemberj21, 1990.' s

8. NRC S"pplement 1 to the Safety Evaluation Report.on Rev.1 of the
GIP,Lissued June 29, 1990.

9.- Letter ~from N.P. Smith to L.B. Marsh,- December 5, 1989,-

forwarding SQUG Position Paper,--" Technical: Basis for Exclu' ding - 4

NSSS Equipment and Supports from the Scope of_USI AJ46," October !

16, 1989. '

;
'

10. . NUREG-1030, " Seismic-Qualification of Equipment in Operating
L Nt: clear Power Plants," February.'1987.

{
-

11. NUREG-1211, " Regulatory Analysis for Resolution of Unresolved !

Safety Issue A-46 Seismic -Qualification of- Equipment in Operating
Plants," February 1987.- '

'

:
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>

|

|.
! ,

!

-|

18

:
- _ _ _



.

1:,

1

"*"i'i " *

BGUG
,

O q
.

5

.

Part'Il

GENERIC PROCEDURE FOR PLANT-SPECIFIC: IMPLEMENTATION ,

i

i

,

i

>

e

O :
.

\

r

.

*

t

Y

b

4 2

?

.6

O
s
L
9

I

!.

- - _-.. -- ..---. ..........-.. ,:_- ..-.,_. -. .J. !, , . , , , , .



. .- . .

,

i?

'

Revisien2 ;DEUG
!

L Section 1- .

4

INTRODUCTION-
|

| 1

1.1 PURPOSE !
'

!

. .. |

The purpose'of'this; procedure is- to summarize the technical: approach' and j,

provide generic procedures and. documentation; requirements which can be used__ |
tby' owners / operators of/ operating nuclear _ power plants to verify the seismic'

adequacyLof the mechanical and electrical equipment needed to bring:the- !

plants to a safe shutdown condition following a' safe shutdown earthquake 'I

(SSE). This procedure can be used to address the NRC UnresolvedLSafety |
Issue (USI) A-46, " Seismic Qualification of ' Equipment in Operating' Plants," |
hi required by NRC Generic Letter'87-02 and supporting documen.ts' '

(teferences 1, 2, and 3).
i

The scope of equipment covered 'in this procedure ' includes active mechanical

and electrical equipment such as: motor control centers; switchgear;. '

transformers; distribution panels; pumps;-valves; HVAC equipment; batter _ies
and their racks; engine and motor generators; and-instrumentation ~and- i

control panels, cabinets, and racks. . Relays are ~also reviewed ~in this :

procedure to determine if plant safe shutdown systems could be adversely

| affected by relay (contact) chatter as a result of an SSE.- In addition,:
'

'

l ' this generic procedure includes guidelines for evaluating the seismic i

adequacy of tanks, heat exchangers, and cable and' conduit raceway systems.

1.2 BACKGROUND

l :

L The requirements for seismic design of nuclear power plants from 1960 to
the present have evolved from the application cf commercial building codes'
(which use a static load coefficient approach applied primarily to major- :

building structures) to more sophisticated methods today. Current nuclear :
seismic design requirements for new plants consist of detailed |

specifications including dynamic analyses or testing of safety-related -

|
3

- (
,
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structures,-equipment,- instrumentation, controls, and their associated'
distributionLsystems'(piping, cable trays, conduit, and. ducts). 'Because of ,

the extent of changes in the design requirements which.have occurred over- $

L the years, the NRC initiated USI A-46,?" Seismic Qualification of Equipment.- 'i
I in Operating Plants," in December of 1980,. to address the. concern that a: [

number of older operating nuclear power plants contained equipment which :!

may not have been qualified to meet' the newer, more rigorous seismic design; j
criteria. Much of_the equipment-in these operating plants.had b'een

_

j
installed when design requirements, seismic analyses, and documentation-

i

|
were less formal than the rigorous practices currently being used to build j
and license: nuclear power plants. However, it was realized that .it wouldr i

not be. practical or cost-effective to develop the documentation-for: seismic- t;
qualification or requalification. of. safety-related equipment using-
procedures applicable to plants currently |under construction. Therefore,.
the objective of USI, A-46 was to develop alternative methods and acceptance-
criteria which could u used to verify the seismic capability of essential:
mechanical and electrical equipment in operating nuclear power plants.

In early 1982, the Seismic Qualification Utility Groupi(SQUG) was formed

{ for the purpose of collecting seismic experience | data as a. cost-effective
_

means of verifying the seismic' capability;of equipmentiin operating' plants.
One source of experience data is the numerous ~ non-nuclear power, plants .and
industrial facilities which have experienced major earthquakes. ' These.
facilities contain industrial grade equipment similar to that used in'

[
nuclear power plants. Another source of ' seismic experience. data is shake

'able tests which have been performed since the mid 1970!s' to qualify
,

safety-related equipment for licensing. of nuclear plants. To use these' I

sources of seismic experience data, SQUG and the Electric Power.Research'
Institute (EPRI) have collected and organized this.information:and'have

4developed guidelines and criteria for its use. This procedure.is the-
generic means for applying this experience data to verify the seismic !

adequacy of mechanical and electrical equipment which must be used in a

nuclear power plant during and following a safe. shutdown earthquake. +

l-2
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;_ 1.3 APPROACH

The approach used in this procedure for verifying the' seismic adequacy of.
mechanical and electrical equipment is consistent with the, intent of NRC -

Generic letter 87-02, " Verification-of Seismic Adequacy of Mechanical and.
Electrical' Equipment in Operating Reactors, Unresolved Safety: Issue (USI) ~ -

A-46" (Reference 1), including NUREG-1030-(Reference 2) and NUREG-1211

(Reference 3). The approach is also' consistent withithe EPRI Seismic
-

Margins Assessment Program-(SMA). The four major. steps used in this
_

procedure for the majority of the~ equipment to be evaluated are listed,
below, along with the section of the procedure where these steps:are-
covered in detail.

.

Selection of Seismic Evaluation Personnel:,(Section'2)-
_

.

Identification of Safe Shutdown-Equipment (Section 3)' I.

Screening Verification and Walkdown (Section;4) {.

Outlier Identification and Resolution-(Section 5)- -.

O
The seismic adequacy verification of the following types of equipment are
covered in separate sections:

-

-

Relay Functionality Review (Section 6). -

*

Tanks and Heat Exchangers Review (Section 7). >

Cable and Conduit Raceway Review (Section 8)~. =

The documentation requirements for these reviews are included in each of
these sections and in Section 9.

Each of the sections of Part II of the' GIP-(Sections 2 through 9) is
divided into SQUG commitments and implementation guidance. The SQUG k- -

commitments, which follow the introduction in each of these sections,
describe the key features of this procedure which SQUG members agree to
implement for resolution of USI A-46; the NRC should-be notified of any

1-3
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i

h-exceptions which are'taken to these commitments! The' remainder of'each
section provides implementation guidance in the form.of suggested methodst ||
for implementing the commitments. SQUG members may use the suggested; I

' methods or substitute' equivalent' methods without notifying the NRC;: '

however, they. should be prepared to explain the justification _ for the.- !

equ| valence' of. the' substituted method.

'The remainder of'this se'ction summarizes the material covered :in Sectionsr2 j
.

through 9. W

l.3.1 Seismic Evaluation Personnel-- f
'

Several. types: of individuals,: their qualifications, and their responsibi- y

lities for implementing this procedure are describsd'iniSection1. These- t

individuals include: >(1) Systems Engineers.who identify the methods a'nd'
the equipment needed for bringing the plant to a safe, shutdown' condition, .
(2) Plant Operhtions_ Personnel who have a comprehensive understanding of
the plant layout and the function and operation' of the equipment and >

.

systems in the plant and who compare; the plantt operating procedures to the-
safe' shutdown equipment? list for compatibility,^(3) Seismic Capability-

iEngineers who perform the-Screening Verification and Walkdown 'of-the safe

shutdown equipment, and (4) Relay Evaluation Personnel' who perform the'-
relay functionality review,

i

Since the instructions and requirements contained in this-procedure are
g guidelines and not fixed, inflexible rules, the-Seismic' Capability-

t

[ Engineers must exercise sound engineering judgment during the Screening 4

Verification and Walkdown. Therefore the selection-and training of 1

- qualified Seismic Capability Engineers for the Seismic Review Teams (SRTs)t d

is an important element in this r ,eric Implementation Procedure for
resolution of ~USI A-46. i

!
*

.

.

1-4
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' Section'2 also describes the SQUG-developed training course which should be j
'taken by the individuals who perform the seismic review of the plar.t;

.

These courses' provide assurance that there is a minimum level of |

understanding and consistency:in' applying the guidelines ~ contained;in this-
procedure.

,

:

1.3.2 Identification of Safe Shutdown Eouioment ,

!

The mechanical and electrical equipment neede'd to achieve and maintain a
safe shutdown condition in a nuclear plant are identified in a two-step |
approach in Section 3 and Appendix A, The first step is to define the -

-

*

various alternative methods or paths which could be used-to accomplish each
of-the four following safe shutdown functions:

{

Reactor Reactivity Control f.

Reactor Coolant Pressure Control !
.

-

Reactor Coolant Inventory Control !*

Decay Heat Remova"..

.

One of the alternate methods for accomplishing each-of these functions
should be selected as the preferred safe: shutdown alternative. This {
selection should also include backup equipment or a. backup train of |

equipment so that the plant can be shut down in the event there is'an {-

active failure or unavailability of a single: item of equipment. Equipment
,

in other alternate methods can also be identified, if desired. :

The second step is to identify the individual items of safe shutdown
equipment for the preferred method by tracing out the path of. action,
fluid, and/or power on. system description drawings and by developing a safe -

shutdown equipment list (SSEL).
,

,

The SSEL should be shown to be compatible with the plant operating
procedures by the plant's Operations Department,

m

,

;

i I

e .- . _ . _~ _____,____________________...--_.____-_______________________f
-

_
-



. - _ _ . . - - . . . . . . _ '

, -Revision 2 '

l.3.3 ScreeninaVehificationandWalkdown

The Screening Verification ~ and Walkdown of mechanical and! electrical

equipment is. described in Sectiorf4. Appendices B through G provide
supplemental information for performing this~ seismic ~ adequacy verification.
The seismic adequacy verification of relays, tanks and heat exchangers, and
cable and conduit ' raceways are described -in Sections 6, 7, and .8' l,

respectively, and are| summarized later in this' Introduction.

The' purpose of the Screening Verification and Walkdown is 'to screen out '
from further consideration those items of- quipment which pass

conservative, yet easy to apply,. seismic adequacy criteria.- The screening
verification is basec heavily onithe,useLof seismic experience data. Those ,

items'of equipment which do not pass the_ screening verification are

considered " outliers" and should be evaluated.further-as described in' -l
Section 5.

The four areas considered during the Screening Verification and Walkdown of
safe shutdown equipment are:

i

/.._

Comparison of the equipment seismic capacity to_the-seismic demand _
-

.

imposed upon it. 4
-i

Determination that the seismic experience. data-is applicable to the-.

plant-specific safe ~ shutdown equipment.
!

,

Evaluation of the equipment anchorage adequacy..

Check for adverse seismic spatial interactions..

1.3.4 Outlier Identification and Resolution j
,

Items of safe shutdown equipment that'do not pass the screening criteria
q

contained in the GIP are considered cutliers -and should be evaluated l

further as described in Section 5.

'-' e,
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Methods of outlier r solution are typically more time consuming and f
expensive than the scrnning evaluations. Also, outlier resolution may be i

!somewhat open ended in that several different options or approaches are
available to verify the seismic adequacy of the equipment. The most i
appropriate method of outlier resolution will depend upon a number of |

[ factors such as (1) which of the screening criteria could not be met and by '

how much, (2) whether the c'iscrepancy lends itself to an analytical ;

Ievaluation, (3) how extensive the problem is in the plant and in other,

f plants,.and (4) how difficult and expensive it would b'e to modify, test, or l

replace the subject items of equipment.
|
t

o ;

l.3.5 Rg]av Functionality Review |'

The purpose of the relay functionality review, which is summarized in !

Section 6, is to verify that plant safe shutdown systems cannet be
prevented from performing their safe shutdown functions by reley (contact) [
chatter as a result of an earthquake.

,
'

;

The first step in the review is to screen out from further consideration i
'

all those systems for which relay chatter would not significantly affect !

"' safe shutdown systems or for which operator actions could be taken to ;

reset the system follow? 1 the earthquake. The second step is to evaluate {
the seismic adequacy o' the individ# reir , which have not been screened
out by comparing the i eismic demur 4 imposed on the relays with their f

j seismic capacity. These essential relays are also walked down as part of !
this evaluation to spot check relay types, mountings, and locations, and, |

tif necessary, to estimate in-cabinet amplification factors. '

l.3.6 Tanks and Heat Exchanaers Review |

|

| The review of tanks and heat exchangers for seismic adequacy is described !

in Section 7 and includes evaluations for: (1) stability of tank walls to
.

prevent buckiing (for large, vertical ground- or ficor mounted tanks only), !

t

:
,
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(2) anchorage and load path strength, (3) support member strength (e.g.,
support saddles and legs), and (4) adequate flexibility of attached piping
to accommodate the motion of large, flat-bottom, vertical storage tanks.
Screening guidelines are provided in the form of charts and calculation
formulas that simplify the complex dynamic fluid structure interaction
analyses for large vertical tanks and simplify the equivalent static
analysis method for horizontal tanks.

1.3.7 Cable and Conduit Raceway Review

Guidelines for verifying the seismic adequacy of electrical cable and-
conduit raceway systems are included in Section 8. Seismic adequacy of
raceway systems is defined as protecting electrical cable function and
maintaining overhead support. The screening guidelines address seismic
adequacy by (1) using walkdown guidelines and (2) performing limited
analytical reviews.

The walkdown guidelines have two purposes. First, the raceway systems are
screened to check that they are representative of the experience data base.
The walkdown guidelines also check for certain details that may lead to
undesirable seismic performance as shown ':p past experience. Second, |
worst-case bounding samples of as-insta' raceway system supnorts are-

selected for limited analytical review.
. |

A limited analytical review is performed to check that the bounding sample
udpports are as rugged as those that have been shown to perform well by -1

past earthquake experience. The checks address the raceway support dead
load integrity, ductility, vertical capacity, and lateral capacity.

'-* 9;
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,

1.3.8 Documentation

The types of documents which should be developed for the USI A-46 !

evaluation are described in Section 9. The four major types of documents ;
are:

?

!
Safe Shutdown Equipment List (SSEL) Report !.

Relay Evaluatio1 Reporte

Seismic Evaluation Report.

Completion Lettera
; ,

1.4 QUAllTY ASSURANCE AND QUALITY CONTROL REQUIREMENTS

,

The USI A 46 program for verification of seismic adequacy of equipment as
defined by this procedure is outside the scope of commitments made in plant
FSARs and Technical Specifications which form the basis of the operating
license for the plant; therefore,-there is no requirement to perform the
USI A-46 program under the nuclear quality assurance and quality control

'

requirements defined for the safety-related equipment in these plants. -

| Instead, the following quality assurance elements apply to implementation -

! of this procedure for the USI A-46 program:

SQUG training courses will be provided to train individuals for use of.

the GIP.

The safe shutdown alternatives will be reviewed by plant operating I.

personnel.

The seismic adequacy of equipment will be evaluated by at least two
.

.

engineers, either of whom may identify the equipment as an outlier.

|

These training, evaluation, and review guidelines, together with the

| documentation requirements described in this procedure, are consistent with
the requirements of Generic Letter 87-02 (Reference 1).

1-9
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If modifications are made to any safety-related plant equipment as a result,

of the USI A-46 program, then the evaluations and designs for the changes
,

in hardware should be performed in accordance with the quality assurance
program and quality control requirements as defined in the plant FSAR and
Technical Specifications.,

The seismic adequacy verifications described in this document are based on
the assumption that the equipment beitig evaluated was constructed and !
installed in accordance with the design and installation documents used by |
the utility; therefore, it is not necessary to perform quality control '

checks of the equipment o> their installation for resolution of USI A 46
except as described in this document.- A

.
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Section 2

| SEISMIC EVALUATION PERSONNEL |

|

| t
'

2.0 INTRODUCTION !

The purpose of this section is to define the responsibilities and .

qualifications of the individuals who will implement this generic !

procedure. The seismic evaluation personnel include individuals who *

.

identify safe shutdown equipment, who perform the plant walkdown and verify i

the seismic adequacy of equipment and cable / conduit raceway systems, and

fwho perform the relay screening and evaluation. This may involve a number -

,

| of plant and engineering disciplines including structural, mechanical, [
electrical, systems, earthquake, and plant operations. |

.

Most utilities may prefer to implement this procedure using a-designated

ip team of individuals; i.e., a Seismic Review Team (SRT). However, the j

functions arJ responsibilities may be assigned to existing utility
,

departments or groups, without definition of a dedicated team, provided the *

individuals in these utility depariments or groups have the appropriate [
qualifications and training and that the walkdown teams have the required !
collective qualifications. Similarly, the individuals who undertake the
seismic review may be utility or contractor personnel, provided the '

qualification and training criteria are met. This flexibility allows for !
the possibility that the functions may be performed by individuals of [.

! different disciplines at different times. Utility management is I
responsible for evaluating the qualifications of the seismic evaluation f
personnel for compliance with '.his procedure, i

|
'

;

,

t

,

O |
'~'

;

.

|
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The remainder of this section is orgsnized as follows:
-

The requirements to which SQUG utilities commit when adopting the.

guidelines for personnel responsibilities and qualifications-for
resolution of USI A 46 are given in Section 2.1.

The responsibilities and qualifications of the Systems Engineers who.

identify the safe shutdown equipment are described in Section 2.2.

The responsibilities of the Plant Operations Personnel who review the.

Safe Shutdown Equipment List (SSEL) and assist during the seismic
walkdown are described in Section 2.3.-

The' responsibilities, qualifications, and training of the Seismice

Capability Engineers who conduct the seismic walkdown are described in
Section 2.4.

The responsibilities, qualifications, and training of the Relay Review-.

Engineers who perform the relay screening and evaluation are described
in S9ction 2.S.

The purpose and content of the SQUG training courses are summarized in.

Section 2.6.

2.1 SQUG COMMITMENTS

Members of SQUG adopting the Generic Implementation Procedure for USl A-46--

resolution commit to the following in regard to the qualifications of
individuals responsible for implementing the procedure:

2.1.1 Systems Enaineers

The licensee will provide Systems Engineers to develop the list of
equipment required for safe shutdown described in Section 3. Individuals
selected to perform this function will be degreed engineers, or equivalent,
with experience in the systems, equipment, and operating procedures of the
plant.

2-2
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' - 2.1.2 Seismic Canability Enaineers ||
!
:

The licensee will provide qualified Seismic Capability Engineers to perform |

p the following tasks described in Sections 4, 6, 7, and 8. :

, ,

1. Conduct a walkdown of plant equipment on the safe shutdown equipment .

list and cable / conduit raceway systems in the plant. .

t
'

2. Assess the seismic adequacy.of.this equipment and raceway systems
based upon experience, analyses, and/or engineering judgment, i

'
|

These individuals will be degreed engineers, or equivalent, who have !,

| completed a SQUG-developed training course an seismic adequacy verification f
of nuclear power plant equipment, and will have at least-.five years i

experience in earthquake engineering applicable to nuclear power plants and i

in structural or mechanical engineering. At least one engineer on each [
Seismic Review Team will be a licensed professional engineer, i

:
A !V As a group, the engineers on each Seismic Review Team will possess '

knowledge in:

. !
1. Performance of equipment, systems, and structures during strong motion .

earthquakes in industrial process and power plants.
|

2. Conduct of nuclear plant walkdowns. f
3. Nuclear design codes and standards. !

?

I 4. Seismic design, analysis, and test qualification practices for ;

nuclear power plants. i

:

2.1.3 Le_ad Relav Reviewer !

The licensee will also provide a Lead Relay Reviewer to perform the Relay
Functionality Review described in Section 6. This individual will be an
experienced, degreed electrical engineer or equivalent'who has successfully !

:

$
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completed a SQUG-developed training course on the relay screening and
evaluation procedure.

2.2 SYSTEMS ENGINEERS

The primary responsibility of the Systems Engineer is to develop the Safe
ShutdownEquipmentLists(SSELs)asdescribedinSection3. This involves-
first identifying the various alternative paths or trains for bringing the
plant to, and maintaining it in,~ a safe shutdown condition during the first
72 hours following a Safe Shutdown Earthquake (SSE). With help from the
plant Operations Department, the Systems Engineer should select the
preferred safe shutdown alternative for which seismic adequacy will be
verified. All necessary equipment in this selected shutdown path should be
identified.

If, after the plant has been walked down, the path selected contains few
outliers, further systems evaluation by the Systems Engineer may not be
necessary. However, if as a result of the walkdown, numerous outliers are
found or outliers which are difficult to resolve are identified, the
Systems Engineer may be requested to develor SSEls for an alternative path.

In addition to the primary responsibility of developing the SSEL, the
Systems Engineer may be asked to provide background information and
guidance to (1) the Seismic Capability Engineers who evaluate the seismic
adequacy of the equipment and (2) the Relay Evaluation Personnel who
perform the relay functionality review.

The Systems Engineer should be a degreed enginec , or equivalent, and have -
extensivo r.perience with and broad understanding of the systems,
equipment, and procedures of the plant.m

2-4
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;

2.3 PLANT OPERATIONS PERSONNEL
!

| i
The plant Operations Personnel have two types of responsibilities during '

implementation of this procedure. First, they are responsible for |
reviewing the Safe Shutdown Equipment List (SSEL) (developed in Section 3) [

| as compared to the plant procedures for shutting down the plant, to confirm |
that the SSEL is compatible with approved normal and emergency operating i

procedures (EOPs). Note that normal plant shutdown procedures would be=
used for any deliberate, planned shutdown and E0Ps would be used for 'a j

.

plant trip or emergency shutdown following an earthquake. Second, plant i
Operations Personnel may be asked to assist the Seismic Capability ;

~

Engineers during the Screening Verification and Walkdown and assist the
Relay Review Personnel during the Relay functionality Review. I

|
'

To fulfill these responsibilities, the plant Operations Personnel should j
have knowledge of both steady-state and transient operations and the !

'( associated plant-specific operating procedures. They should be able to
,

'
supply informatior on the consequences of, and operator recoveiy from,

|
'

! functional anor 411es. It is their responsibility to provide information on '

i the function and operation of individual equipment, instrumentation, and !
control systems.

Plant Operations Personnel may assist the Seismic Capability Engineers f
~

either as staff support or as members of an SRT. Though it is not required j
that the plant Operations Personnel be part of the seismic walkdown team, !

it is recommended. The plant Operations Personnel should have experience
|

in the specific plant being seismically verified. :
!

I
-

&

|

| ] 2-5
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2.4 SEISMIC CAPABILITY ENGINEERS

The Seismic Capability Engineers should fulfill the following
responsibilities:

Become familiar with the SQUG approech as defined in the GIP and-

reference documents.

Become familiar with the seismic design basis of the plant being.

evaluated, especially the equi > ment on the safe shutdown equipment
list and the postulated Sefe S1utdown Earthquake (SSE).

Conduct the seismic evaluations and walkdowns of equipment and systems.

as described in the following sections:

Screening Verification and Walkdown (Section 4)-

Relay Functionality Review (Section 6)-

Tanks and Heat Exchangers Review (Section 7)-

Cable and Conduit Raceway Review (Section 8)-

Use experience and judgment to verify the seismic adequacy ofe

equipment and systems identified as necessary for safe shutdewn.

Pctform additional analyses and calculations, when necessary, to.

verify the seismic adequacy of the safe shutdown equipment and
systems.

Make recommendations for any additional evaluations or physical.

modifications to equipment or systems which may be necessary to verify
the seismic adequacy of equipment identified as outliers as described
in Section 5.

The Seismic Capability Engineers may be assisted in fulfilling the above
q

responsibilities by other individuals. For example, others may do
background work to obtain information necessary for performing the seismic
evaluations; they may also locate and assist in evaluating existing seismic |
qualification documentation; and they may perform backup calculations where

necessary. Another example is that Seismic Capability Engineers may ask
the Systems Engineers and the Plant Operations Personnel for information on

2-6
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f' |
' how an item of equipment operates in a system so they may decide whether a

;

!- malfunction of certain features of the item of equipment will affect its I

safe shutdown performance. Regardless of what help the Seismic Capability |
IEngineers receive from others, they should remain fully responsible for all

the seismic evaluations, engineering' judgments, and documentation, I
including the details and backup documentation. f

i

The Seismic Capability Engineers should be degreed enginhers, or ;

equivalent, who have completed a SQUG-developed training course on seismic !
adequacy verification of nuclear power plant- equipment. These engineers |
should have experience (at least five yetrs) in earthquake engineering |

| applicable to nuclear power plants and in structural or mechanical ;
! engineering.
' r

|

The Screening Verification and Walkdown should be conducted'by one or more

Seismic Review Teams (SRTs) consisting of at least two Seismic Capability |
',- Engineers on each team. The engineers on each team should collectively

( possess the following knowledge and experience:

Knowledge of the performance of equipment, systems, and structures !.
'

during strong motion earthquakes in industrial process and power !

pl ants . This should include active mechanical and electrical
,

equipment and process and control equipment. !,

1
;

Nuclear plant walkdown experience..
,

!

Knowledge of nuclear design standards,.

t
Experience in seismic design, seismic analysis and test qualification.

,practices for nuclear power plants. This should include active
mechanical and electrical equipment and process and control equipment. |

!

It is not necessary for each Seismic Capability Engineer to possess each of j
the above qualifications; differing levels of expertise among the SRT -

engineers is permitted. However, each SRT should collectively possess the'

,

i

'

(h ?-7
V !

!
:

6
- _ _ _ _ _ _ _ _ _ . -_ _ _, __ __- _ , . _ - . _ _ _ ,_



Revision 2-

above qualifications and each engineer on the ba:n should have the ability
to make judgments regarding the seismic adequacy of equipment.

At least one of the Seismic Capability Engineers on each of the Seismic
Review Teams should be a licenc0d professional engineer to ensure that

there is a measure of accountability and personal responsibility in making
the judgments called for in the GIP,

i

In general, the individuals who perform the seismic review walkdown may be
required to wear protective clothing, wear a respirator,' work in radiation
areas, climb ladders, move through crawl spaces, climb over obstacles, and
work in high temperatures or other difficult situations. Therefore, the SRT
members should be in good physical condition and have the capability and
willingness to perform these tasks as necessary.

2.5 RELAY EVALUATION PERSONNEL

The Relay Evaluation Personnel include those individuals who will perform
the Relay Functionality Review described in Section 6 and Reference 8.

This evaluation includes reviewing electrical circuit. drawings, documenting
the review conclusions, performing the relay walkdowns, and providing -

,

associated support activities.

1

Electrical engineering will be the primary engineering discipline-involved '

in the relay review; however, the evaluation may also use a number of other i

engineering disciplines; including structural, mechanical, systems and-
earthquake engineering. Information and assistance from plant personnel

- regarding plant operations and maintenance may also be required.

The capabilities and responsibilities of the various Relay' Evaluation.
Personnel are listed below:

g2-8
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O !
Lead Relav Reviewer

The Lead Relay Reviewer should be a-degreed, or equivalent, electrical
engineer with experience who is familiar with the Relay Functionality
Review procedure described in Section 6 and Reference 8. The Lead Relay

Reviewer should succc:: fully complete the SQUG-developed relay. training
course. The relay walkdown described in Section 6 is not expected to I

involve entries into radiation areas nor any special physical' demands.
4

The Lead Relay Reviewer should either perform the review or assist -
reviewers in interpreting electrical design drawings and in identifying

!essential relays in the safe shutdown systems. :The lead Relay Reviewer-
should have a good understanding of circuit design logic and the
consequences of relay malfunction in essential circuits.

,

.

Assistant Relav Reviewer ,

[\
,

An Assistant Relay Reviewer with an electrical engineering background can
be used to document the relay review and obtain support documentation such '

as electrical drawings, technical specifications, operator reference
manuals, and procedures. Additional assistant reviewers with other -

| backgrounds could also be used.

Systems Personnel
,

Systems Engineers and/or plant Operations Personnel who are capable of
providing information on the operation of the safe shutdown systems and '

plant operating procedures should be used in the Relay Punctionality
Review. Their assisu ce will be needed to identify safe shutdown '

equipment and essential control and power circuits which may be tripped as
a result of an earthquake. They should also be able to provide information
on the instrumentation and controls available to monitor and control the -

equipment affected by relays. *

| 2-9
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' Plant Maintenance Reoresentative

.

.
. i

A plant staff electrical and/or ins /rumentation and controls maintenance e

representative should be available ta provide assistance.during the Relay i

Functionality Review to help establish the lo:ation, mounting, types and j

characteristics of relays in the safe shutdown circuits. ?

Seismic Canability Enaineers !

4

The Seismic Capability Engineers should perform certain appropriate-
,

evaluations in support of the Relay Functionality Review. These
evaluations can be performed during the Screening Verification and Walkdown

(describedin.Section4)andinclude: i

!
Identifying potential instances of seismic spatial interaction..

,

, <
,

Giving special consideration to expansion anchor bolts which securee

cabinets containing essential relays.

Establishing in-cabinet amplification factors for cabinets containing-.

essential relays.

-t

2.6 SQUG TRAINING COURSES

Two training courses were developed by SQUG to provide additional guidance ,

on how to implement USI A-46 using the GIP and the referenced documents. :

These courses include:

[
'

The Walkdown Trainino Course provides guidance for the Screening I| .
'

Verification and Walkdown (Section.4), the Outlier Identification and'
Resolution (Section 5),.the Tanks and Heat Exchangers Review (Section ;

7), and the. Cable and Conduit Raceway Review (Section 8). Guidance
is also provided on estimating in-cabinet amplification factors for ,

electrical cabinets containing essential re..ays (Section 6)'and
documenting the USI A-46 evaluation (Section 9).

.

J
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| C
This course is provided primarily for the Seismic Capability
Engineers, however others who may support these engineers may also !
take this course. '

The Safe Shutdown Eauioment Selection and Relav Screenina and i
- .

Evaluation Trainina Course provides instructions on the Identification ;

!- of Safe Shutdown Equipment (Section 3) and how to perform the Relay i

Functionality Review (Section 6). !|

,

This course is provided primarily for the Lead Relay Reviewers. The
! Systems Engineers and others may also take this course.

The objectives of these SQUG training courses are as follows: |

!

Provide additional information on the background, philosophy, and.

general approach developed by SQUG to resolve USI A-46.

Provide additional guidance in the use of the GIP and applicable.

references to select safe shutdown equipment and to verify their
seismic adequacy.

l O
'V

.

;

|
.

.
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' Section 3 ;

i

IDENTIFICATION OF SAFE SHUTDOWN EQUIPMENT ;

;

3.0 INTRODUCTION i

i

The purpose of this section is to describe the overall method for'
identifying the mechanical and electrical equipment needed to achieve and {
maintain safe shutdown conditions ~ in a nuclear plant. Appendix A provides

a detailed step-by-step procedure for using this method based on the
| ;

|. guidance contained in this section. A description of the contents of the !

subsections contained herein is given below, f
;

i

Section 3.1 provides the commitments in regard to identification of safe |
r

shutdown equipment. The remaining sub-sections provide implementation |
guidance. The general criteria and governing assumptions to be used in
identifying the equipment are defined in Section 3.2. The scope of |,

equipment to be identified is defined in Section 3.3; it includes I
,

mechanical and electrical equipment which should operate to accomplish a i

t in v r en rat or a o t c ) ch tr d bea
conduit raceway systems supporting electrical wire for safe. shutdown

;
| equipment.

|

i
For resolution of USI A-46, it is not necessary to verify the seismic !
adequacy of all plant equipment defined as Seismic Category I, e.g., in NRC |
Regulatory Guide 1.29. Instead, only those systems, subsystems, and. !

equipment needed to bring the plant from a normal operation condition to a

j safe shutdown condition need be identified to ensure safety during and ;

following a Safe Shutdown Earthquake (SSE). Thu method described in the i

remainder of this section for identifying safe shatdown equipment has two. ;

|. major steps. The first step is to identify the various alternative methods j
'

i
O 3-1 !U ;

;

+
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| or paths which could be used to accomplish the following four safe shutdown
;

functions: t)

i
;

Reactor Reactivity Control 1e

Reactor Coolant Pressure Control
||

e

Reactor Coolant Inventory Control.

; .!
| Decay Heat Removal.

; r

These four safe shutdown functions are described in Section 3.4. Because ;

of redundancy and diversity in nuclear power plants, there may be several,

paths or trains which could be used to accomplish these four functions.'

Only the active equipment in a primary path or train and backup equipment t

within that path or a backup path need be identified for seismic evaluation
,

as discussed in Section 3.2. The preferred safe shutdown pe.th can be

selected based on such considerations as previous systems analyses (e.g., ;

for fire protection), ease of use by operators, compatibility with plant *
,

procedures, and status of existing seismic qualification of equipment. -

There may be other secondary considerations for selecting certain safe
| shutdown paths such as ease of performing the plant walkdown and seismic

.

| adequacy verification. The various alternative paths for accomplishing the
safe shutdown functions are summarized in Section 3.5 for pressurized water '

reactors (PWRs) and for boiling water. reactors (BWRs). Appendix A gives a '

detailed description of these alternative paths.
<

After identifying the preferred saf e shutdown paths, the second major step
,

is to identify the individual items of equipment contained in these
preferred safe shutdown paths. The approach for identifying the individual

.

items of safe shutdown equipment is summarized in Section 3.6. Appendix A

gives a detailed description of this method including a step-by-step- .!
procedure, flow diagram, and documentation forms which can be used to

,

develop a Safe Shutdown Equipment List (SSEL) for seismic adequacy
,

verification and an SSEL for relay evaluation. *

1 3-2
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i Section 3.7 describes several methods which may be used by the plant's ;
! Operations Department to review the SSEL for compatibility with the plant

operating procedures. Section 3.8 summarizes the documentation which
should be generated when identifying safe shutdown equipment. !

!

3.1 SQUG COMMITMENTS ;

!

Members of SQUG adopting the Generic Implementation Procedure for USI A-46 ;

!resolution commit to the following in regard to identification of safe
' shutdown equipment:
4 :
1 1

3.1.1 Identification of Safe Shutdown Path
|

Relying on the Systems Engineers noted in Section 2, the licensee will !

identify equipment needed to achieve and maintain a safe shutdown condition |
followingasafeshutdownearthquake(SSE). !

i

To identify this equipment, the licensee will use a two stage approach:

!
1. The licensee will select a safe shutdown path which would ensure that

the four essential safe shutdown functions. listed below can be !

accomplished following an SSE. The functions are-
!

Reactor reactivity control ie

Reactor coolant pressure controle

Reactor coolant inventory control ie

Decay heat removale

i
2. After identifying the safe shutdown path, the licensee will identify !

the individual items of equipment required to accomplish the four !
essential safe shutdown functions. !

,

t

!

!
:

:O '-'

.

. . ,

;

i
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3.1.2 Assi=ntions Used in Identifyino Safe Shutdown Path

In selecting the safe shutdown path and equipment the licensee will be '

bound by the following conditions *
i

f

1. Offsite power may not be available for up to 72 hours following the ~ |,

|
earthquake.

.

t 4
'

2. No other extraordinary events or accidents (e.g., LOCAs, HELBs, fires,
i floods, extreme winds, sabotage) are postulated to occur other than !(

,

! the SSE and loss of offsite power. ;
! 1. If achieving and maintaining safe shutdown is dependent on a single

,

item of equipment whose failure to perform its active function, eitheri i
due to seismic loads or random ft11ure, would prevent accomplishment
of any of the four essential safo shutdown functions, an alternative
method to safe shutdown by use of a different path or a different item +

of equipment in the same path will be identified for seismic: -

evaluation which is not dependent oo that item of equipment.

4. Where operator actions are relied upon to' achieve and maintain safe' i
shutdown, the licensee will ensure that ap)ropriate procedures are
available which consider the time within w11ch actions must be taken, :

and that operators have been trained in the use of these proceduces. (
5. The equipment to be identified for seismic evaluation will includet

Active mechanical and electrical equipment which operates or ;
.

changes state to accomplish a safe shutdown function. '

?
Active equipment in systems which support the operation of !

.

identified safe shutdown equipment; e.g., power supplies, control
!systems, cooling systems, lubrication systems, i

Instrumentation needed to confirm that the four safe shutdown '.

functions have been achieved and are being maintained. >

Instrumentation needed to operate the safe shutdown equipment. I.

Tanks and heat excnangers used by or in the identified safe.

shutdown path.

Cable and conduit raceways which support electrical cable for the.

selected safe shutdown equipment.
,

.

3-4
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6. The following equipment types need not he identified for seismic '
;

evaluation- i

!
Equipment which could operate but does not need to operate and !

.

which, upon loss of power, will fail in the desired position or ,

state. This type of equipment is defined as passive for the
|purposes of this procedure. ;

i

Passive equipment such as piping; filters; electrical penetration !e
!assemblies; and small -lightweight electrical junction or pull

boxes.
|,

c ,

Self-actuated check valves and manual valves. !e

'
.

Major items of equipment in the nuclear steam su) ply system, !.

their supports, and components mounted on or wit 11n this i.

j equipment such as the reactor pressure vessel, reactor fuel |
i assemblies, reactor internals, control rods and their. drive !

mechanisms, reactor coolant pumps, steam generators, pressurizer, f

and reactor coolant piping. !

7. The following types of equipment will be identified for use in the
relay evaluation procedure descrited in Section 6:

|
Active, electrically powered or -controlled equipment.e

Electrically powered or -controlled equipment considered passivej e

but whose inadvertent operation due to relay chatter could *
,

adversely affect the accomplishment of a safe shutdown function.
!

|

L
;

3.2 GENERAL CRITERIA AND GOVERNING ASSUMPTIONS i
,

This section defines the criteria, governing assumptions, and general
guidelines for identifying the safe shutdown equipment. This includes *

definition of terms, boundary conditions, and requirements for single
equipment failure.

.

3.2.1 Safe Shutdown Followino an SSE

The plant should be capable of being brought from normal operating
,

conditions to a safe shutdown condition following a design basis, safe |
shutdown carthquake (SSE).

3-5
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3.2.2 Normal Doeratina Conditions Definedj

Normal operating conditions of the plant are defined as having the reactor

| coolant system at or near normal operating pressure and temperature.
|
|

3.2.3 Safe Shutdown Defined

'

Safe shutdown is def:ned as bringing the plant to, and maintaining it in, a
hot shutdown condition during the first 72 hours following an SSE. Hot

shutdown is defined by the plant's Technical Specifications.

The plant may be quickly cooled to the hot shutdown condition and held !

i there for the 72 hours, or the plant may be slowly cooled so that the hot
shutdown condition is reached at the end of the 72 hours.

4

It is not necessary to include the long-term Residual Heat Removal' (RHR)
equipment in the Safe Shutdown Equipment List (SSEL);-however, some plants
may not have sufficient water inventory to stay in the hot shutdown mode

; for three days. Other plants may prefer to be brought to a cold shutdown
condition during this period of time instead of staying in the hot shutdown
mode. In these cases it may be necessary to add RHR equipment to the SSEL.

It is not the intent of the USI A-46 program to requ' ire plants to cool down
faster than their original design capability under a loss of offsite pow;:r
condition. If a plant takes longer to achieve hot shutdown conditions than j

~

the 72 hours, then this should be reported to the NRC as part of the j
Seismic Evaluation Report described in Section 9. !

]
3.2.4 kgl$ of Offsite Power

i

t

loss of offsite ptwer may occur as a result of the earthquake. ~The safe
|

- shutdown capability should remain intact while offsite power is not- j

7

a

$135

i

!
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| ;

available for a minimum of 72 hours following an SSE. Note that the

| possibility of nrd losing offsite power should also be considered. j

!

3.2.5 No Other Accidents i

!
No concurrent or sequential potential events are postulated to occur other j

!than a design basis safe shutdown earthquake (SSE) and a loss of offsite
power. For example, no loss of coolant accidents (LOCAs), high energy line |
breaks (HELBs), fires, flooding, extreme winds and tornados, lightning, {
sabotage, etc., are postulated to occur. i

i !
3.2.6 Sinale Eauinment Failure !

I
Systems selected for accomplishing safe shutdown'should not be dependent |
upon a single item of equipment whose failure, either due to seismic loads ;

or random failure, would preclude safe shutdown. At least one practical j
alternative should be available for accomplishing safe shutdown, which is !

fnot dependent on that item of equipment. This alternative should also be
evaluated for seismic adequacy. For example, two motor-operated valves in :

series may be used to isolate a line and two motor-operated valves in !
parallel may be used to open a line. As an alternative, a separate,

j
j redundant train of equipment may be used as a backup. :
' '

.

An quipment failure is defined as tha failure of the active functional |
capability of the equipment, not its structural integrity. For example, i

for a motor-operated valve, failure of the valve to open or close with the !

motor operator is a failure of the valve to perform its active function. !
It is not necessary to consider rupture or leakage of fluid from the valve-

,

f
as a failure mode,

!

If an item of equipment is taken out of service for maintenance, then that i

item of equipment is considered the single equipment failure for the f
purposes of this procedure.

O !;
''

t

i

!
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Manual operation of an item of equipment wh'ich is normally power operated
is considered an acceptable means of providing backup operation provided
sufficient manpower, time, and procedures are available. For example, the
primary mode of closing or opening a valve may be by its motor operator
while the backup or redundant means of closure or opening may be manual
operation of this same valve or a manual valve in the same line.

Any common systems which are ussd by more than.one. unit at a reactor plant
~

site should be redundant only within that common system, not on a per unit.
basis, provided each redundant path in the common system has the capacity
to simultaneously support all .the units to which it is common.

When evaluating the equipment selected for a single active failure, any
equipment not included on the Safe Shutdown Equipment List (SSEL) should be ,

assumed to be not available for plant shutdown.

3.2.7 Doerator Action Permitted
;

1

Timely operator action is permitted as a means of achieving and maintaining )
a safe shutdown condition provided procedures are available and the
operators are trained in their use. Typical times for operator action are
10 minutes for control room items and 20 minutes for items outside the
control room, J

3.2.8 Procedures

| Procedures should be in place for operating the equipment selected for safe
shutdown and operators should be trained in their use. It.is not necessary !

to develop new procedures specifically for compliance with the USI A-46 '

program. Existing plant procedures can be used.
;

38
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If an SSE occurs, it is not necessary to use only the safe shutdown
equipment identified for the USI A-46 program. The operator may attempt i

t i

shutdown using other available systems and equipment provided these other |

means of shutting down do nct prevent later use of the safe shutdown method !
j identified for the USI A 46 program. f

i

The plant procedures for shutting down should be reviewed by the Operations- |

! Department of the plant to verify that-the procedures are compatible with !
the identified method of safe shutdown and that they do not preclude the |
use of the safe shutdown equipment if'some other method of shutting down is |-

attempted first. Further, this review should assume that the only !
t

equipment which is available for the shutdown is the USI A-46 safe shutdown ;

equipment. See Section 3.7 for suggested methods of' performing this f
review. |

The shutdown procedures which are associated with the use of the USI A-46
safe shutdown equipment should be procedures which are available to the |
operator as a result of his following approved normal and emergency
operatingprocedures(EOPs). Note that normal plant shutdown procedures -;

would be used for any deliberate, planned shutdown; E0Ps would be used for
;

a plant trip or emergency shutdown.
!

3.3 SCOPE OF EQUIPMENT !

!

The purpose of this subsection is to define the equipment which is included !
within the scope of review for resolution of USI A-46. !

[
3.3.1 Eauioment Classes I

P

i

The 22 classes of equipment listed in Table 3-1 define the major types of I

mechanical and electrical equipment which are included within the scope of _ ;

USI A 46. Note that building structures and such passive equipment as I
piping, penetration assemblies, etc., are not within the scope of USI A-46.

f
e
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O;
.

Equipment Classes #1 through #20, along with the sub-categories of
equipment listed under these 20 major equipment class names, are the ;

,

specific types of equipment for which there are seismic experience data.
'Appendix B provides a summary description of the equipment included in the

earthquake experience data base and the generic seismic testing data base.
References 4, 5,-and 6 provide additional details on the-type of equipment -!

"

included in these data bases. The following symbols are used after each :

sub category name in Table 3-1 to note which data base contains data on ;

each sub-category of. equipment - l
:

r

:

(EE)- Earthquake Experience data base.
'

(GERS) - Generic Equipment Buggedness Spectra testing data base.. !

.

Equipment Class #21 is for tanks and heat exchangers, and Equipment I

Class #22 is for cable and conduit raceways. Selection of this equipment t

is discussed later in Sections 3.3.9 and 3.3.10 respectively.

Equipment Class #0 (Other) is e catchall category for all other items of
.

! mechanical and electrical equipment needed for safe shutdown but which
|!

either do not fit into one of the other 22 classes ~or for which there is
insufficient seismic experience data at this time to be included as a sub-
category of one of the 22 classes. This type of plant-specific equipment

'

ircludes certain types of valves, turbine driven emergency generators,.etc.
This type of equipment should be placed in Equipment Class #0, classified [
as an outlier, and evaluated using the methods described in Section 5.-

(

|

|
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| Table 3-1

i EQUIN4ENT CLASSES
(Including sub-Categories in j

Seismic Experience Data Base) !
;

!
0 OTHER

1 MOTOR CONTROL CENTERS

Motor control center (EE) (GERS-MCC.7)1''.
Wall- or rack-mounted motor controllers. (EE) |

2 LOW VOLTAGE SWITCHGEAR |
i

Low voltage draw-out switchgear (typically 600 Volt) (EE) (
(GERSMVS/LVS.3) t

Low voltage disconnect switches (typically 600 Volt) (EE) i

Unitsubstations(EE) '

3 MEDIUM VOLTAGE SWITCHGEAR
,

i Medium voltage draw-out switchgear (typically 4160 Volt) (EE) j
(GERS MVS/LYS.3) :

O Medium voltage disconnect switches (typically 4160 Volt) (EE) [
Unit substations (EE); ;

4 TRANSFORMERS

Liquid-filledmedium/lowvoltagetransformers(typically |
4160/480 Volt) (EE) *

Dry-type medium / low voltage transformers (typically 4160/480 Volt)
.

(EE) '

Distribution transformers (typi ally 480/120 Volt)'(EE)(GERS-TR.3) |
!
.

:

!

1 The sub-categories of equipment listed under the major equipment- !classes are included in one of the following experience data bases: i

(EE) Earthquake Experience data base summarized in Appendix !
-

B and References 4 and 5.

(GERS-XXX) - Generic Equipment Buggedness Spectra testing data base
7summarized in Appendix B and Reference 6, where XXX is :

the GERS identification symbol. ;

3-11
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Table 3-1 (continued). h
EQUIPMENT CLASSES |

(Including Sub-Categories in !
Seismic Experience Data Base)1 :

i
;

i 5 HORIZONTAL PUMPS i

Motor-driven horizontal centrifugal pumps (EE) |
Engine-driven horizontal centrifugal pumps
Turbine-driven horizontal centrifugal pumps (EE)(EE) t

Motor driven reciprocating pumps (EE)
;

'

6 VERTICAL PUMPS

Vertical single-stage centrifugal pumps (EE)
Vertical multi-stage deep-well pumps'(EE) *

7 FLUID 0PERATED VALVES
,

Diaphragm operated pneumatic valves (EE) (GERS-A0V.3)
Piston-operated pneumatic valves (EE) -

j Springoperatedpressurereliefvalves(EE) |
i 8 MOTOR-OPERATED AND SOLEN 0ID 0PERATED VALV:.:

Motor-operated valves (EE)-
t

Motor-operators (GERS-MOV.3) <

.

.

Solenoid-operated valves (EE) (GERS-SV.2)

9 FANS
|

Blowers (EE) ',
Axial fans (EE)
Centrifugal fans (EE)

10 AIR HANDLERS :

<

Cooling coils (EE)
L

Water-cooled air handlers (EE)
| RefriCerant-cooled air handlers-(including enclosed chiller) (EE) >

| Heaters (EE)
:

1

e
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Table 3-1 (continued)

EQUIPMENT CLASSES |
(Including Sub Categories in !

'

Seismic Experience Data Base) 8'
,

j'

'

11 CHILLERS
;

Waterchillers(EE) {Refrigerantchillers(EE) ;

12 AIR COMPRESSORS
|

Reciprocating piston compressors,(EE) {
Centrifugal compressors (EE)

13 MOTOR-GENERATORS

'

Motor-generators (EE) !
'

14 DISTRIBUTION PANELS
..

Distribution panelboards (120-480 Volt,- AC & DC
Volt, AC & DC) (EE)(GERS-DSP.6)f (EE)' *

Distributionswitchboards(120480O (GERS-DSP6)

15 BATTERIES ON RACKS,

i

Lead-cadmium flat plate battsries (EE) !
Lead-calcium flat plate batteries (EE) (GERS-BAT.4) !
Plant 6 (Manchex) batteries (EE)
Battery racks (2 tiers or less) (EE) (GERS-BAT.4); i

16 BATTERY CHARGERS & INVERTERS'

Solid state battery chargers (EE) !

Solidstatestaticinverters(EE)(CERS-BC.3)(GERS-INV.4)

17 ENGINE-GENERATORS

!:
Pistonengine-generators (EE) '

.

; 18 INSTRUMENTS ON RACKS

l Transmitters (Pressure, temperature, level, flow) (GERS-PT.4) I
'

Wall-mounted sensors / transmitters (EE)
Rackmountedsensors/ transmitters'(EE)

,

'

Supporting racks (EE) !

i

3-13
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Table 3-1 (continued)-

EQUIPMENT CLASSES . ,

(Including Sub-categories in !o

' Seismic. Experience Data Base):l!'

.;

i
L 19- . TEMPERATURE SENSORS.- [-

Thermocouples(EE)
RTDs(EE) .

'

;

20- INSTRUMENTATION AND CONTROL PANELS AND CABINETS. '

,

Wall-mounted &Lrack-mounted.instrumentatica _and control panels (EE)'
Wall-mounted & rack-mounted instrumentation and control cabinets (EE) '!-

Dual switchboard instrumentation and control cabinets-(EE)-
'

->

; Duplex switchboa.J &-benchboard (walk-in) instrumentation and control.
boards (EE).

~

|, ,

:r
21 TANKS AND HEAT EXCHANGERS.

22 CABLE AND CONDUIT RACEWAYS (EE)
a

y

L

|
e

k

b

1

!

w

,

1
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' All~ mechanical and electrical equipment needed for bringing a plant.to a
safe shutdown conCtion and maintaining it- there should b' int u ied 4-
seismic evaluation, even if that item of equipment is not li M J in one of
the sub-categories of Table 3-1. For example, piston-operat ed haulic
valves are not listed as a sub-category of Equipment Class #7
(Fluid-Operated Valves) since they are not in the seismic experience data
base. Nevertheless,. if a piston-operated hydraulic . valve is needed for -
accomplishing a safe shutdown function (e.g.,_ as a main steam isolation'-
valve), then it should' be identified as a safe shutdown _ item of equipment 1

in Equipment Class #0 (Other), identified as an outlier, and evaluated for
seismic adequacy using.some means other than by direct comparison to the
seismic experience data base.

3.3.2 Exclusion of NSSS Eouioma.01

ThemajorpiecesofequipmentintheNuclearSteamSupplySistem(NSSS)
which are located inside the containment are excluded from the scope of the
USI A-46_ review. Also excluded are the supports for this eauipment along
with'all the components _ mounted in or on this_ equipment. Examples.of the
NSSS equipment and the components mounted on them which are. excluded from-

the scope of USI A-46 are given below.

Reactor vessel and-its supports, reactop fuel ~ assemblies,; reactor.

internals, control rod drive mechanisms , in-core instrumentation,:and '
safety relief valves

Reactor coolant- and reactor recirculation pumps and their supports and.

drive motors-

Steam generators and their supports, tubes, stfety relief' valves.

Neutron shield tank and.its supports and neutron detectors.

'1 Note that only the control roa drive mechanisms mounted on or in the
reactor vessel are excluded from the scope of the USI'A-46 review; BWR
control rod drive equipment located outside of the drywell should be
included on the Safe Shutdown Equipment List.

,

3-15 |
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,

Pressurizer and its- supports, heaters, and(safety relief valves-e:

Reactor coolant ~ system piping and recirculation; lines.

Relays and other. types of contactors and switches.are'also included within -

the scope of the GIP. They have not been. included as an equipment class-in
Table 3-1 since the seismic evalua'. ion of these components is handled

1

differently, as described in Section 6.
;

3.3.3 Rule of the Box ;
,

! One important aspect of identifying the equ'ipment' included within'the scope
of the procedure is explained by the " rule of the box." For equipment'
included in Classes'l through 20, all the components mounted on or in this -

equipment are considered to be part of that equipment and do not have to be
evaluated separately. For example, a diesel generator (Equipment Class
#17) includes not only the engine block _ and generat'or,. but also.all other '

' items of equipment mounted on the: diesel-generator or.on its skid; such as.
the lubrication system, fuel supply system, cooling system, heaters,

,

starting systems, and 1ocal instrumentation and control systems.
Components:needed by-the diesel generator but not included in the " box"

(i.e., not mounted on the diesel generator. or on its skid) should be
identified and evaluated separately. Typically this would include such -

!

items as off-mounted control panels,. air-start compressors and tanks, pumps
for circulating coolant and lubricant, day tanks, and switchgear cabinets. -l

,

The obvious advantage to this " rule'of the box" is that only the; major
items of equipment included in Table 3-1 need be verified for seismic I

adequacy, i.e., if a major item of equipment is shown to be seismically
adequate using the guidelines in this procedure, then all of the parts and.
components mounted on or in that item of equipment are also considered' '

| seismically adequate. However, as noted in Section 4.3, the Seismic.
Capability Engineers should exercise their judgment and experience to seek-

'

s

out suspicious details or uncommon situations (not specifically covered by-
.i
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the caveats in Appendix B) which may make that item of' equipment vulnerable '

to SSE effects. This evaluation should include any areas of concern within
the " box" which could be seismically vulnerable'such as added attachments,
missing or obviously inadequate anchorage of components, etc.

One exception to this " rule of the box" is relays (and other types of
contacts used in control circuitry). Even though relays are mounted on or
in another larger item of safe shutdown equipment, they should be
identified and eva?uated for seismic ruggedness using the procedure'
described in Section 6 since they may_ be susceptible to chatter during
seismic excitation. The relays to be evaluated are identified by first-
identifying the major items of safe shutdown equipment which could be (
affected if the relays malfunctioned. Then, in Section 6,. the' particular '

relays used to control these major items'of' equipment :ra identified and
evaluated for seismic adequacy.

3.3.4 Active Eauioment

O
Active mechanical and electrical equipment which operate or change state to
accomplish a safe shutdown function should be identified for, seismic
evaluation. Electrical equipment without moving parts-such as-batteries
transformers, battery chargers and inverters'are considered' active for'the
purposes of this procedure and are included within the scope of USI A-46.

It is not in the scope of the GIP to verify the seismic adequacy of passive
equipment such as piping, filters, and electrical penetration assemblies, .
nor building c ructures. Likewise, it is not in the scope of the GIP to
verify.the seismic adequacy of potentially active equipment which does not-
need to operate if it is already in the proper state to accomp1.ish ;its safe-
shutdown function. and it fails in that desired position upon loss of power.
For example,. if a motor-operated gate valve, which isolates a drain line in
the reactor coolant system, is already closed, and.it ' stays closed upon
loss of power, then it can be considered a passive' item of equipment for--

3-17

,

I
l



_ - .

i
4 ,

Revision'2 )
U

the purposes of this procedure. The valve body and-its disc' are considered
- to be an extensioniof the passive piping system.' The. potential;for ~ '

inadvertent opening of the valve due to relay chatter in its control
circuit is evaluated as a part of. the Relay Functionality Review ~ described

y in Section 6; thereforeLsuch equipment should be identified for relay
L evaluation as described in' Section 3.3.7 below.

'

L 3.3.5 ' Inherently Ruaaed Eauipment ' '

s

^

Certain types of active mechanical .and electrical. L ipment.are inherently
'

rugged and need not be evaluated for seismic adequacy %e USI-A-46
program. This equip:nent' includes: _j

m

Self-actuating check valves without external actuators. . If a check- 1
.

valve has an external: actuator, then this actuator and its. connection-
to the check valve should be evaluated for seismic adequacy.

Manually-operated valves..

| Small, lightweight electrical junction and pull boxes.e
r

u

While it is not necessary to verify the seismic adequacy of inherently' |
rugged equipment, it:is recommended that,:when such equipment is' active for i

accomplishing a safe shutdown function, the equipment be included on'the j

Safe Shutdown Equipment List (SSEL) for completeness. It could be labeled . |
as being in equipment class "R"-(i.e., inherently rugged).. For example, if
a manual valve with a handwheel operator is opened or-closed by a plant
operator (i.e., the valve is performi.ng an active-function), then this

1

valve could be added to the SSEL -for completeness to show what item of
equipment is used to accomplish this active. function. HoweverL this manual
valve need not be evaluated-for seismic adequacy.

.i
1
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On.the other hand, if a power-operated ' valve (e.g., a motor-operated
- valve), is opened or closed' manually by a- human operator using the
handwheel (rather than using the power drive), then it should be on the
SSEL and it should' Als be evaluated for seismic ruggedness.- I

:i

3.3.6. Eauinment in Suonertina Systems

a

Any active equipment in systems which support the operation of identified '
safe shutdown equipment should also be-identified for seismic evaluation. 9
Supporting. systems can. include power supplies -(e.g., electrical,
pneumatic), control systems, cooling systems, lubrication systems,

,

instrumentation, and heating, ventilating, and air conditioning systems.
~ j|Likewise, if any item of equipment in these supporting systems;is dependent-

upon some other-system for support, then the active equipment.in this
secondary supporting system should also be . identified for seismic

- evaluation. 9

3.3.7 Eauioment Subiect to Relav Chatter

.
.

If an item of equipment could inadvertently start, stop,;or change state
due to relay chatter (or other malfunction'of a relay or other electrical
device with contacts) and thereby preventJa safe shutdown function from J

i

being accomplished, then it should be identified and;used as an input to j
the Relay Functionality Review described in Section.6.

The equipment which should be identified as subject to relay chatter
includes all the active, electrically-powered, safe shutdown equipment (
identified for seismic evaluation (as described in Sections .3.3.4 and
3.3.6). In addition, some of the electrically-powered equipment considered
passive, and hence, not subject to seismic evaluation, should be identified

,

for relav evaluation. This could-include equipment which-is already in the !
.

proper state to accomplish a safe shutdown function and would fail in this
state upon loss of power, but due to relay chatter, could inadvertently

3-19
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change. state _and thereby result in the safe shutdown function failing _to be.
accomplished. The example used earlier of a closed,, motor-operated gate :
valve which isolates a drain line in the reactor coolant: system is a' cases .!

where theEvalve would not be identified for seismic evaluationibut should-
# be identified for relay evaluation.-

.1
1Obviously any electrically-powered equipment whose operation ~, or _the _ lack

thereof, does not affect the accomplishment of any safe shutdown' function,:
need not be identified for. relay evaluation. For example, there may_ be a t ;

closed,- motor-operated valve which should itay. closed; however, if therc' is' e

a closed manual valve downstream of this motor-operated ~ valve, then it does
[

not make any difference whether the motor-operated valve opens or remains 'g
closed. ,

3.3.8 Instrumentation

The scope of equipment which should be identified for' seismic evaluation

includes those instruments which measure the primary process variables used g"
to assure that the plant is in a safe shutdown condition. ThisLincludes-
instruments used to measure reactor reactivity, . reactor coolant pressure,
reactor coolant' inventory, and decay heat removal. Tables 3-2 and 3-3 ' '

provide examples of the primary process variables which can.be measured.to l

monitor these safe shutdown functions for pressurized water reactors (PWRs).
and boiling water reactors (BWRs) respectively.-

:

In adoition to the instruments needed for measuring the primary process ?

variables, any. instruments needed to control the safe shutdown equipment. j

should also be identified. For example, ..if a modulating valve is-being |
'

used to control the level of water in a tank, then the level'
instrumentation for this tank should be identified as instrumentation I

p needed by the modulating valve. Note that the power supply-for this level 'I
instrumentation should also be identified as a supporting system for_the' IL

i level instrument.
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Table 3-2-

EXAMPLES OF THE PRIMARY PROCESS
1

VARIABLES WHICH CAN BE MEASURED TO MONITOR -
-SAFE SHUTDOWN FUNCTIONS FOR-PWRs

t

1. Reactor Reactivity Control'

Core Neutron Flux-

~ Concentration]l Control Rods, Reactor Coolant- BoronPosition of A-
4

and Cold Leg _ Temperature

2.- Reactor Coolant Pressure Contr.gl

-. Reactor Coolant Pressure' |

- Subcooling Margin or_ Reactor Coolant Cold Leg-

Temperature
3*

Pressurizer Level !3-

3

3. Reactor Coolant Inventory Control
,

Pressurizer Level-

_

,

dReactor Vessel Water Level
_.

-

a

4. Decav Heat Removal i

Reactor. Coolant Pressure - I-

1
Reactor Coolant Hot Leg or Core Exit Temperature '-

Reactor Coolant Cold Leg: Temperature i
-

!

!

.

See notes on next page.

!
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Table 3-2-(continued) h,

-EXAMPLES OF THE PRIMARY PROCESS-
2^

VARIABLES WHICH CAN BE MEASURED TO MONITOR
SAFE SHUTDOWN FUNCTIONS FOR PWRs:: c

!

3
!

t

*|
NOTES: 1

1 Note that additional process 1 variables may also be needed to control
some 'of. the safe. shutdown equipment. For example,' a tank level
measurement might be needed to control the operation of valves which,
should be opened or closed to permit ~ the use of another tank. !

U

2 -It may be possible to eliminate boron cor. centration measurements on a:
plant-s)ecific basis if it can be shown that planned actions during- 1.the 72-iour safe shutdown-period will-not result. in unacceptable
boron dilution in the' reactor' coolant system.

.

3 Pressurizer level should be-measured for the pressure control
- . _ .

function if pressurizer. heaters' are used .to. control pressure so that _ !

the heaters remain covered.-
t

4 The need to measure reactor vessel' level,.in-addition 1to' pressurizer i

level, should be considered-if the reactor' coolant level drops:below
;the lowest' pressurizer level instrument' reading during a potential'

overcooling transient. 4

a

s

5
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Tabl e - 3-3 .

EXAMPLES OF'THE PRIMARY PROCESSI
VARIAEiES WHICH CAN BE MEASURED TO MONITOR

SAFE SHUTDOWN FUNCTIONS-FOR BWRs'-

-1, Reactor Reactivity Control
.

Core Neutron Flux--

Position of All Control: Rods-

2. Reactor Coolant Pressure Control

- ' Reactor Coolant . Pressure

' Reactor Coolant Temperat'ure-
,

3. Reactor Coolant Inventory Control-

Reactor Vessel Water Level--

4, Decav Heat Removal

. Reactor Coolant Temperature-

Reactor Coolant Pressure --

1 Note that additional process variables may also be needed to control
some of the safe' shutdown equipment. For example,1 a tank level
measurement might be needed to control the operation of . valves which

- ,should be opened or closed to permit the use of another tank. !

H

-

,

*

,
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Note that it'is not necessary, in general, to identify instrumentation- h_

which simply indicates the status of.an item of. safe shutdown equipment. !

For. example, it is not necessary to monitor the current (amps). of a motor '

<

driving a pump,; if the fluid level in the vessel to.which the pump is . j
pumping is being' monitored (i.e., if the essentia1' process.variab1'e;is'. - i

.

beingmeasured).: Likewise it is.not necessary, in general,Lto identify :

valve position instrumentation.
~f

'

3.3.9 Non-Safetv-Grade Eauinment {

It is permissible;to-identify non-safety-grade equipment- for accompitshing;
safe. shutdown functions;- however, t' e operation of thisfequipment should be
in::1uded in the' plant operating procedures used to shut down .the-plant.

,

3.3.10 Tanks and Heat Exchanaers "

i

-Tanks and heat exchangers which.are needed by or connected to the safe-
shutdown systems should also be identified for seismic' evaluation. Even

'

though tanks and heat exchangers are passive equipment,ithey|aretincluded i
within the scope of equipment which should be evaluated forj seismic -
adequacy in Section 7.

s

There are two types of seismic concerns regarding tanks and' heat' i

exchangers. The first is maintaining.its structural: integrity so that the !-

fluid contained therein can be used by a safe shutdown -system.: The second
,

L concern is ensuring that these large, heavy items of equipment stay.in
place during an SSE so that attached lines- do not rupture from large '

<

displacements of the tank or heat exchanger. To protect against this.
|- second concern, it may be necessary: to evaluate the seismic adequacy of. >

certain tanks or heat exchangers even if they are outside the pressure i
boundary of the safe shutdown system if a boundary isolation valve-is-
located relatively close to the tank or heat exchanger.

>

s

e;" - "
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At the option of the utility; large,' flat-bottom,' metal, refueling waters
storage tanks (RWSTs) in PWRs may be added to the-SSEL,-even if they are
not needed by or closely connected to.any safe shutdown systems. Ur.e of
the guidelines in Section 7 for evaluation of large, flat-bottom, metal
RWSTs.and any other large, flat-bottom, metal storage-tanks needed for. safe =

-

shutdown .has been accepted by the NRC as one element for resolving-
. Unresolved Safety Issue (USI) A-40, Seismic Design Criteria, as it' applies -
to operating p1 ants.

3.3.11 Cable and Conduit Raceways

Cable and conduit raceway- systems are included in the scope of USI A-46
even though they.are passive equipment; they should be evaluated for
seismic adequacy using the guidelines contained in Section 8..

The scope of review should include all th'e cable and conduit; raceway
systems in the plant which support electrical cable for equipment on the
Safe Shutdown Equipment Litt (SSEL). This' procedure doesEnot provide-
details for identifying these raceway systems.- Instead it has beenifound,
during SQUG trial plant reviews, that performing the seismic evaluation
described in Section 8 for.the whole plant may be easier than identifying
which raceways support the power, control, .and instrumentation wiring for
individual items of equipment. However, if the details are readily--

~

available for identifying which cable and conduit' raceway systems'in the
plant carry the cabling for safe shutdown equipment, then the scope.of the
review can be limited to those raceway systems.

~

3.4 ' SAFE SHUTDOWN FUNCTIONS.

To achieve and maintain safe shutdown conditions during and-following a
safe shutdown earthquake, the-following four safe shutdown functions should
be accomplished:

3-25
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( Reactor Reactivity Control-. ,

Reactor Coolant Pressure Controle
!

Reactor Coolant Inventory Control '|
e

t-
Decay Heat Removal. g|

.

These functions focus on controlling the nuclear,- thermal,=_and hydraulic '

performance of. the reactor and th'e reactor coolant system.? To monitor that-
'

these safe ahutdown functions are being accomplished,:certain process! !

variables'should be measured.
.

These safe shutdown functions are described below along with examples of
the process variables which should be considered for measurementLto assure

,

that th . functions are being accomplished.

3.4.1 Reactor Reactivity Control, Function I
;

-!

The reactivity control function is-accomplished by insertion of negative'
reactivity shortly after obtaining the signal-: to- shutdown'. Additional'
negative reactivity is also needed to compensate for the: combined effects-

of Xenon-135 decay. and. reactor coolant temperature decreases.::' A: process j
variable which may be measured to monitor reactivity is: core neutron flux. j

An alternative to measuring core reactivityJdirectly.is to measure ~other
parameters which can be used to show that the core remains subcritical.

.,

For BWRs, the position of each ~ control rod-could be measured;-if.'all the -

rods are fully inserted, the . reactor will .. remain subcritical. For PWRs,

measurements could be made of the position of. all the control rods, the:
temper.ature of the reactor coolant. cold leg, and, the boron concentration-in j
the reactor coolant system; fully inserted rods with: sufficient boron
concentration in the reactor coolant, for a given temperature, will result.
in the reactor remaining suberitical. Note that it may be possible to
eliminate boron concentration measurements on:a plant-specific basis if it

-

can be shown that planned actions during the 72-hour safe shutdown period '
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will not result in unacceptable boron dilution in the reactor coolant'
system.

|

t

3.4.2 Reactor Coolant Pressure Control Function t

;

The pressure control function has several elemeMs which should be
accomplished to ensure that the reactor coolant system is operated j

-

properly: j

:The reactor coolant system pressure'should not exceed a maximum -.

pressure,
s

.The pressi!ra should be maintained within' the reactor coolant system.

pressure-temperature limits of the plant's.. Technical Specifications
to prevent reactor vessel brittle' fracture. -

For PWRs there should be sufficient subcooling margin,; consistent.
,

with plant operating procedures or plant-Technical-Specifications, to
avoid formation:of a steam bubble within-the reactor vessel and to.
promote natural circulation between the core and the steam

- r

generators.

O For PWRs the differential pressure across the~ steam generator tubes-.

should not exceed the pressure-temperature limits of the plant-
specific Technical Specifications to'preventxleaks and r' 4.ures-in-
these tubes.

If it is preferred (or required due to certain plant limitations), the
plant may be brought to a cold shutdown condition-during the 72' hours

,

following an SSE instead of' staying in the~ hot-shutdown condition'-
~

However, if this is done, the following. additional elements should also be
accomplished:

i

There should be a means for reducing the reactor coolant system
.

. '

pressure to the point where the low pressure residual heat removal-
system can be operated.

#When the reactor coolant system is connected to the low pressure.

residual heat removal system, the system: pressure'should not exceed a'-
r

maximum pressure for the low pressure residual' heat removal system.

'
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. Process variables which should be measured for monitoring the reactor
'

coolant system pressure include reactor coolant pressure, reactor coolant: j

temperature (or subcooling margin for PWRs), and ' pressurizer level (for
]

PWRs) if pressurizer heaters.are used for pressure control. I
~

|
'

,

3.4.3 Reactor Coolant Inventory Control Function
i

.

. . . >
The ' reactor coolant inventory control. function is-necessary to assure;that
the reactor core remains covered so that decay heat can be' removed during-
and after'the postulated. earthquake. Inventory. control has two elements- '

which should be ' accomplished: -,

f

Loss of reacter coolagt. from the reactor coolant system should'be.

minimi2tL "

Sufficient makeup capacity should be available''to' compensate for..

losses duet to leakage from the reactor coolant system and for fluid-
shrinkage when the reactor coolant temperature is lowered. Note:' If'
-it is possible to' lose cooli.ng capability to the. reactor coolant' pump-
seals, then makeup capacity ar.l coolant supplies'should be available.

; to compensate for possible leakege from these-seals,

i Process variables which should be measuied for monitoring the.. inventory of-
| the reactor coolant system include water level in the' reactor vessel for -

BWRs and water level-in the pressurizer for PWRs.. -If.the water level; drops :
below the lowest pressurizer level instrument' reading'.in a PWR (during a.i -

potential overcooling transient)', then it may be necessary tolalso measure
reactor vessel level so that the. operator.can monitor the actual inventory
of water in the reactor coolant system. '

3.4.4 Decay Heat Removal Function "

~

The decay heat removal function is accomplished by rema'.ig decay heat and '(
stored heat from the reactor core and reactor coolant system at a rate such
that overall reactor coolant system temperatures can be lowered to and.
maintained within acceptahe limits.
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Process variables which should be measured for monitoringfthe decay heat
removal function include reactor coolant temperature and pressure. For |

PWRs, both.the hot leg (or core exit). temperature, and. the cold leg |
temperature should be measured during natural' circulation decay heat. I

removal conditions to verify that natural circulation is established. .f
between the reactor' core and the steam generator. ;

|
3.5. ~ SAFE SHUTDOWN ALTERNATIVES

'

;

Nuclear power plants typically. have several- paths or methods which' can be :.

used to bring a plant to a safe _ shutdown condition; this is= due.to the j
redundancy and diversity designed into the plant. Typical alternative |
methods for accomplishing the four safe ' hutdown functions (described ins

the previous section) are outlined in this section. - A* detailed description j

of these generic alternatives is contained in Appendix A and may be used:as !
guides for identifying the available alternative paths in a specific - ;

~

nuclear power plant. ,

~

I
To accomplish the purpose of this procedure it is-necessary to show that. -j
the primary and backup equipment are seismically adequate'for each of the' |
four safe shutdown functions. ' The backup means for accomplishing these i

, t

functions can be by using a different shutdown. train or by using different- e

equipment in the same shutdown train. t

Some of the items which can be considered in selecting preferred. safe '

shutdown alternatives are given below:

|!
The systems and equipment selected for shutting down the planti.

following a fire could be considered. It should be'noted, however,
that not all the safe shutdown equipment identified:for this
procedure may be the same as the equipment identified for'10 C.F.R. ;

50, Appendix R, even if the same general method. is selected for |shutting down the plant.
|\

The alternatives which rely-on systems and-equipment to operate in.
i

their normal mode can be considered. ;
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.

The alternatives which are' straightforward'and present-the least..

challenge to the ox'ators can be considered. H

~

The status of the seismic classification,. design,,and documentatione

for the; equipment-in the plant can be an important factor in |selecting the preferred safe shutdown ~ alternatives. )
q

The results of previous seismic reviews and walkdowns can be j.

considered. l

The location (elevation) of the equipment within the plant can be.
;

considered (the lower the elevation, the lower the seismic:
excitation).- .

a

.The operating procedures (normal or emergency)ditions can be-and operator training--J.

used to achievecand maintain safe shutdown con
~

considered.
'

i.

'

'

In addition, the following fa' tors may.also be considered:
a

The alternatives which minimize the amount of effort, expense, and ..

radiation exposure necessary .to verify the seismic adequacy of.the
equipment can be considered, ,

s

The practicality / difficulty and cost of returning the plant' to normal'.

operation after an SSE can be considered.

. Selection of the preferred safe shutdown' alternatives should be done with-
consultation of the plant operators and management. '

t
The remainder of this section summarizes the major. system alternatives.

! typically available for accomplishing each of the four safe shutdown 1

functions. The first four subsections.below 'are-for pressurized water
reactors (PWRs); the next four subsections are for bo'iling water reactors- 4

(BWRs).

q
|
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3.5.1 Reactor Reactivity Control (PWR)

The' primary method of-controlling reactivity in PWRs is by insertion of the-. ;

control rods.. Typically liquid' poison (boron) should also be injected into

| the reactor coolant. system to compensate for. positive reactivity increases 1

L due to the combined effects of Xenon-135 decay and reduction of the reactor i
coolant temperature. Borated water can be injected via the chemical and !

-volume control. system (CVCS) or the high pressure coolant-injection system ]
(HPC I) .-- -

!
i
'3.5.2 Reactor Coolant' Pressure Control (PWR)

:

There are various pressure-temperature limits which sho'ld not be exceeded ;
u

in the reactor coolant system of PWRs. These. include: -

Reactor coolant system. pressure should remain 'below the design limit.. :

Subcooling margin should be maintained to permit natural circulation-.

of reactor coolant between the core (heat source) and the steam :.

' generators (heat sink).
[

'

.. .
..

i

Subcooling margin should also be maintained to provide sufficient net '.

positive suction head (NPSH) on^ the residual heat: removal (RHR)' pump--
during low pressure decay heat removal. ;

Reactor vessel brittle fracture limits should be. avoided. This limit--.

could be exceeded if the reac_ tor coolant pressure is very high for a
given temperature or.the temperature is very low for a given [

-

pressure. (Figure A-3 in Appendix A illustrates this limit.)'
;

Steam generator tube differential pressure limit should be: avoided, l.

This limit could be exceeded if the reactor coolant system pressure
(acting on tube ID) is not properly balanced by-the steam generator . '
pressure (acting on'the tube OD) for a given temperature.

Peak. reactor coolant system pressure should not exceed a maximum.

pressure for the low pressure residual heat removal system when this~
system is in operation. >

.

6
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'
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These limits can be avoided by increasing or decreasing the reactor coolant. hsystem pressure. Typical methods for decreasing the pressure include:.
_

l
a

Discharge of steam from the pressurizer power-operated relief valve.

-(PORV).

Discharge of steam from the pressurizer safety re'ief valve (SRV) at.

its set-pressure.

Collapse of the steam bubble in the pressurizer via .'njection of.-
1

water with the prassurizer auxiliary spray. _ (Pressurr'er spray
.

j
driven by the pressure drop across the reactor coolant pumps would. !

not-available if offsite power is lost.) '

Discharge via_the letdown system,.

Discharge.via the residual heat removal (RHR) safety relief-valvee

while at-low pressure.

5
~ a

Typical methods for increasing reactor coolant system pressure include:- j
l

Feed via the chemical. and volume control system (rNCS).e

Feed via the high pressure coolant injection (HPCI) = system..
,

i

Increase the saturation temperature of the reactor coolant in' the le

pressurizer via the pressurizer heaters.

-Feed via the low pressure coolant injection (LPCI)~ system while at.

low pressure.
1

3.5.3 Reactor Coolant Inventory Control (PWR)
i

h
i

.The inventory of the reactor coolant system is controlled by feeding water i

into the system when it is low and minimizing.the loss of water from;the ;

various openings in the system when=the inventory is adequate. Note that. >

the alternatives.for inventory control are_ directly. related ~ to some of the' -

,

alternatives for pressure control, e.g., adding water to the reactor
coolant system increases the system pressure while removing steam decreases-
the pressure.
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I Typical methods for-increasing reactor coolant' system inventory in PWRs ~

include: ",
i

Feed via the chemical and volume controi p.'0S) system..

Feed via' the high pressure coolant injection'(HPCI) system..

Feed via the_ low pressure coolant injection-(LPCI) system (at low.
.

pressure only).-

Typical ways in which the reactor coolant system: inventory can be lost in
PWRs include':

Discharge via the reactor coolant pump _seale leakoff.
'

.

Discharge via the normal and excess letdown paths..

Discharge via the power-operated relief valve.(PORV). '.

Discharge via the safety relief valves (SRVs) at their set point.. '

'Discharge via other vents and drains..

3.5.4 Decay Heat Removal (PWR)

While the reactor coolant system is at high. temperature; Lthe steam
generators can be used for removing decay heat from PWRs. ' Steam generator

^ '

cooling can-be accomplished by establishing. natural; circulation of reactor-
coolant from the core (heat source) to the' steam generator (heat sink). '

Hoat can be removed from the1 secondary side of the steam generator.by
-discharging steam from the main steam atmospheric steam dump valve. >The y

main steam safety relief valves (SRVs) can also be used to discharge-steam-
}~~

if the secondary side pressure is allowed to go up to the'SRV~ set point. .
|

~

2 Note that the reactor coolant pump seals may need a. supply of water I
for cooling (closed cooling, injection, or both) to maintain their '

integrity while the-reactor coolant system-is at elevated
temperature. If these services are not. included in the' selected safe
shutdown _ approach, the consequences of. seal failure leakage should
also be addressed.
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Makeup water can be fed into the secondary side of the steam generator vias h
the auxiliary feedwater system.- i

i

!

If it is preferred (or required due to certain plant limitations): to bring. t

the plant to a cold shutdown. condition, ~ the residual heat removal (RHR). |

system can be used to remove heat from the reactor cool' ant system after the l
reactor coolant system pressure and temperature 1are lowered into the hot' .i
shutdown region (typically below=about 250 psia and 350*F). The heat from; l

the RHR' system:is typically transferred to the environment via-the- :

component | cooling water' system and the service water system. >|
1

3.5.5 Reactor Reactivity Control (BWR)

The method of controlling reactivity ~in BWRs is by insertion of the control ~
.

[ rods. A standby liquid poison; control system is available as-a-backup.
~

4

method for reactivity control;' however,. it typically requires 1 to 2 hours.-
to make the reactor subcritical .if used by it'self. Therefore' control rod
insertion is considered the only viable, alternative for rapid-shutdown h
(SCRAM) of the reactor.

3.5.6 Reactor Coolant-Pressure Control (BWR)-
1

In BWRs, the water in the reactor coolant . system remains ~ at saturation j
conditions'so that pressure and temperature.are mutually dependent *

variables. There are only two limits which should not be exceeded-
i

Peak reactor coolant system pressure should not exceedLa maximume

pressure.
. ;

Peak reactor coolant system pressure should not exceed:a maximum ..

. pressure for the low pressure esidual heat removalisystem.when this:
system is in operation.

~

,

,

L

.
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. The reactor coolant' system pressure is typically controlled by opening and
'

-closing the safety relief and safety valves which discharge steam-to_the
Tsuppression pool. Both of_ these' types' of valves will.open automatically. to
provide overpressure protection when the system pres: se' exceeds their set- [
points. The safety relief valves can also be opened' manually to lower the
system pressure so that available-low pressure systems can be used;for: |

reactor coolant inventory control and decay heat removal'.. Safety valves on J
i

the low pressure residual heat removal' system can also be used/during low- -[
pressure decay heat removal:to protect the low pressure system. ,;

t

'

3.5.7 Reactor Coolant Inventory Controli f BWRI

The water level in the reactor vessel of BWRs= is maintained by~ controlling
the flow of water to (feed) and from-(discharge) the reactor coolant,
system.

.

Typical methods for increasing reactor coolant system inventory include: |
O.

Feed via the high pressure coolant = injection -(HPCI)i system' or ~ the:.

7-high pressure' core spray.(HPCS)' system. j

. Feed via the reactor. core isolation cooling- (RCIC) system.-.

:

Feed via the control rod drive (CRD) hydraulic system..
.

i,

Feed via the low pressure coolant -injection (LPCI)- system for use at.

low system pressure.

Feed via the low pressure core spray-(LPCS)' system for;use'at low.-

system pressure.
F

.

,
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Typical ways in which the inventory of the reactor coolant systems can be- h
lost include: I

Discharge via.the- safety relief and safety valves.-
'

.

Discharge via the normal letdown'' paths, i
.

_ Discharge via.other vents and drains..

:
t

3.5.8 Decay Heat Removal' (BWRI'
,

; 4

There are two general methods for removing. decay heat from the reactor
coolant-system of BWRs: ' bleed and feed cooling and shutdown or residual .
heat removal cooling. .Some early BWRs also h6ve an isolation condenser -
cooling system. These methods are summarized below. I

:

The bleed and feed cooling meth'od' discharges (bleeds): steam from the

reactor coolant system via the safety relief. valves-to the suppression - g;
pool. Typically heat is- removed from the suppression pool to the ultimate W.
heat sink, the environment,-via.the. suppression pool cooling system, the. ?

reactor . building closed cooling water system '(RBCCW), andLthe emergency..
service water system (ESW). Water is injected (fed) _into the reactor -
coolant ~ system using one of the methods described earlier for increasing

<

inventory (i.e., feed via HPCI, HPCS,.RCIC,.CRD hydraulic _ supply, LPCI, ' '
_

..

nd/orLPCS).
. .

L The shutdown cooling (SC) or residual heat removal (RHR) systems can be I
used for der.ay heat removal after the reactor coolant ~ system pressure has . I

been reduced. These systems draw water'from the. reactor' coolant' system,: I

'

acool it in heat exchangers, and pump it back into the reactor coolant-
system. The heat which is removed is sent to.the environment via the RBCCW

_

i
and the ESW systems.

'

.;-

,

i
'
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Isolation condenser cooling can be used to remove decay heat- from the,
-|

reactor coolant system while the system-is at high ' pressure. This system
7

consists of heat exchangers-(isolation ~ condensers)-located at a-higher
elevation in the plant than the reactor vessel. Steam ~ moves ~up to'these

heat.exchangers via a steam supply line where it-is condensed on the~ inside. l
of the tubes in the tube bundle.of the heat exchanger, thereby giving up '!
its heat of vaporization.- The condensate flows back to the reactor vnssel
by gravity via a condensate return line. No pumps are needed to _ move the" ;

steam or condensate; the differences in fluid density, driven by gravity,
cause this flow to occur ' spontaneously. The outside of the' tube bundle in 4

the heat exchanger is cooled by water which heils off and-is' released as !

steam to the atmosphere. Makeup 3 .r can be added to the shelli side of. 7

the heat exchanger from a dedicated makeup storage tank.(using gravity.
!

feed) or from the condensate storage tank (using pumps).: .0ther sources 'of-

water can also be used to resupply the shell ' side of the h' eat exchanger
(e.g., fire protection system,-suppression pool, etc.).

,

4

3.6 IDENTIFICATION OF EQUIPMENT

The purpose of this subsection-is to summarize the method of identifying,
the individual _ items of equipment contained in the. alternatives-selected i

'

for safe shutdown. A detailed description of this method-is contained in- [
| Appendix A including a step-by-step-procedure with' a flow-diagra:a. '

The approach used to identify the safe shutdown equipment has five major
steps.

Identification of fluid' system equipment..

Identification of supporting system equ.ipment..

Preparation of a safe. shutdown equipment list for seismic evaluation,.

i
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t. Preliminary walkdown to locate and: identify equipment for- seismic _
evaluation.:*

;

Preparation of a safe shutdown equipment-list.for relay evaluation.. '

These steps are summarized below.

:

3.6.1. Identification of Fluid System Eauioment- I

L

The fluid system equipment for.the! selected safe shutdown alternatives- .I-

| should be identified sep'arately for each of the four safe shutdown !

functions. This results in four separate safe' shutdown equipment-lists- )
(SSELs). This cethod may result in some duplication of equipment on these
separate SSEls;. however,' this~ will- insure that- all the equipment for all.- ;

) four safe shutdown functions is identified. ' Duplicate equipment are 'f
eliminated when the SSELs are combined into a completei composite-SSEL. l

I
The suggested method for identifying the fluid system equipmentLis to trace-

q
the path taken by the fluid from its source to its ultimate destination.
The piping and instrumentation: diagrams (PSIDs) can be used to do this;-

L see-through markers.or highlighte'rs can be.used to mark up.the diagram'to'
<

ensure that all branch lines and. alternate. paths are considered. The. scope.
'

of this review should extend up-to and include.the first closed or '

;
closeable isolation valve in the main and branch lines. The| plant'

,

configuration during normal power operation should be used.
t

As one traces the fluid flow path > and any branch lines,' the equipment in
t

the flow should be entered onto a safe shutdown equipment list -(SSEL). . A .
blank form showing the format for the SSEL is shown in Exhibit A-1 in

>

'f

'

i

,

;
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Appendix A. A completed SSEL is shown in Exhibit'A-2.in Appendix A. The>

data to be entered on this SSEL include, for each item of equipment:

SSEL line entry number (e.g.,- 4001,4002,..;)..

Train number (e.g., "1" for the primary train or component, "2" for'.

the backup train or' component)

Equipment class: number (from Table 3-1)..

Equipment identification number (plant unique)..

Name of.the system and a description of the equipmenti.

Drawing number and zone showing the location of the. equipment on the-
~

.

schematic drawing (optional).

Equipment location in p1 ant (building,; elevation, room or row and.

column).

Type of evaluction field to distinguish a item of equipment to
'

.

receive a seismic review (S") and/or a relay review ("R").
.

Notes (optional)..

Normal and desired operating state..

Whether power is required to operate or control the equipment to.

achieve.or maintain-the desired operating state.

Reference drawing number (s)-identifying the supporting system (s)..

List nf required and supporting systems and components..

3.6.2 Identification of Sucoortino System Eauioment

Most of the safe shutdown equipment will require: support from some other
'

systems to operate. Supporting systems include ' electrical _ power,' pneumatic
power, hydraulic power, lubrication, cooling, control, and instrumentation..
The supporting systems for the equipment in the fluid system are identified
in the first major step described in Section 3.6.1, above. The eauioment
in each of these supporting systems should then be identified in' this

3-39
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second major step, using an approach s'imilar-to that' described for fluid
system ' equipment (i.e.,Ltrace the path;of power, lubrication, ' cooling or;

g?instrument signal from 1.ts sources to the item of safe shutdown equipment)..
Marking up schematic diagrams with highlighters helps identify the path and
branches in these_ supporting systems.-

The equipment identified in the; supporting systems;can.be~cntered as- q
separate 311ne items' on .the same SSEL'as the_ fluid system equipment ore ;

separate SSELs can be developed for the: supporting systems.' The same. j

information should be entered into the SSEL for the equipment in the j

supporting systems as.was; entered for.the fluid systems.

'

Note that some of th'e equipment in the supporting ^ systems requires: support-
from other. supporting systems' For. example, pumps and valves in a fluid i.

systemmayrequireelectricpowerfromadieselgeneratorwhichinturnmayf j
require cooling from a cooling water system.- The process of identifying j
all the ' supporting systems' and their. equipment should' continue until all i

the supporting system-equipment are listed for 'all the equipment on the g
SSEls.

,

3.6.3 Preoaration of Safe Shutdown Eautoment list-|SSEL) for Seismic j
Evaluation !

A single safe shutdown equipment list' (SSEL) should be generated. from th'e-
.

various SSEls described in Sections 3.6.1 and'3.6.2 for.use'during'the- )
Screening Verification and Walkdown described in. Section 4.x ThisjSSELfor .!
seismic evaluation should contain only one line entry for each unique' item j~

'

of equipment; duplicate items of equipment should be deleted. !
-!
!
;

!

h

i

*
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This; seismic walkdown SSEL can be generated from.a composite of the SSEL, {
!

described above, by selecting the records containing.an "S" in the " Eval. j
~

Type" field of Exhibit A-1 in Appendix A. A blank seismic walkdown SSEL is 3

|. shown in Exhibit A-3 in Appendix A; a completed one is, shown in Exhibit !
L
i A-4. I

.

3.6.4 Preliminary Walkdown to Locate and Identifv Eauioment for Seismiq
Evaluation '

A preliminary walW.;r. of all the equipment on the seismic walkdown SSEL. <
should- be conducted prior to the full seismic walkdown -to accomplish the -
followingatjectives:- a

Determine the location in the plant ofLeach item of. equipment on the }.

SSEL. '
,

Identify any other equipment needed for safe shutdown which should be.

included on the SSEL.

Group all' the components mounted within' the:" box"iof larger items of' '

O
e

equipment.

The first objective (determining the equipment location)-is.important to-
minimize the walkdown time of the Seismic Review Team (SRT) during the

,

Screening Verification and Walkdown. Information which ~should be obtained
'

during the preliminary walkdown includes:
i

Determine the actual location.(building, elevation, room, row / column). 4

of the equipment in the plant.

Verify the equipment identification number (tag- number)..

Determine whether s)ecial- tools, equipment, or procedures would be -.

needed to inspect tie equipment (e'.g., ladders, insulation removal,
radiation work permits, security keys, etc.).

I

+

<?
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The secono objective (identifying other equipment) is important sive6 soma h'
of the equipment needed for safe shutdern hay not be explicitly shown on_
schematic diagrams. This type of equipment would typically include
supporting systems and equipment not moJnted on or within the " box" nf safe

shutdown equipment.- Examples of this type of equipment found during the
SQUG trial plant reviews include:

Oil reservoir tanks for the lube oil syst ,m of the service watere

pumps,

Electrical control cab' nets for the, emergency diesel generators.ie

Neutral ground resistors for emergency diesel-generators...

Accomplishing the third objective (group components within the " box") is
-

useful since schematic diagrams typically show many items of equipment
which may be mounted on or within the " box" of a larger item of equipment.
For example, schematic diagrams may show a cooling water heat exchanger for
a diesel generator. If this heat exchanger is mounted on the diesel
generator skid, then it is included within the " box" of the diesel
generator and can be deleted from the SSEL. Likewise, instrumentation and
solenold-operated valves mounted on a valve needed'for safe shutdown could

be verified for seismic adequacy as a part of the valve assembly.

3.6.5 Preparation of Safe Shutdo.in Eaui mtnt list (SSEL) for Relavllypluation

A single safe shutdown equipment list (SSEL) should be generated from the

various SSELs described in Sections 3.6 ! and 3.6.2, for use during the
Relay Functionality Review described in' Section 6. lhis SSEL for relay
evaluation should contain only one line entry for each unique item of
equipment; duplicate items of equipment should be deleted.

I

.-
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The relay review SSEL can be generated from a composite of the SSEL |
described in Sections 3.6.1 and 3.6.2 by selecting the records containing

|
an "R" in the " Eval. lype" field of Exhibit A 1 in Appendit A. A blank !

relay review SSEL is shown in Exhibit A-5 in Appendix A; a completed one is [
shown in Exhibit A-6. )

i
!

3.r;. 6 Data Base Manaaement System :

i,

A data base management s'ystem can be used to prepare the SSELs. A data
i

base management program was used during the SQUG trial plant reviews to:. _|
!

Consolidate the separate SSEls into a single seismic walkdown SSEL '

.

and a single relay review SSEL. ;

. l
Sort equipment by equipment class and location in the plant for use 'e

'

during the Screening Verification and Walkdown. |

Print-the headings on the Seismic Evaluation Work Sheets (FEWS) priore

to the plant walkdown from the SSEL file. (TheSEWSarecontainedin.
AppendixG.)

|O Print out the Screening and Verification Data Sheets (SVDSs). (The ie

SVOSs are described in Section 4.) ;

!

Use of a computer data base management program is optional. !

3.7 OPERATIONS DEPARTMENT REVIEW OF SSEL ;

i

TheSafeShutdownEquipmentList(SSEL)generatedforresolutionofUSI i

A 46 should be reviewed for compatibility with the plant procedures for '

shutting down the plant. The purpose of this section is to provide q
suggested methods for performing this review by the plant's Operations [
Department. Note that the individuals performing this review should be- !

familiar with the General Criteria and Governing Assumptions contained in- [
Section 3.2 and the Scope of Equipment ~for the USI A-46 program contained

j!in Section 3.3.
!
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A review of the SSEL by a representative of the plant's Operations
Department-is required to confirm this compatibility.- The intent of the
Operations Department review of the SSEL is to verify that a trained
operator, following existing plant procedures, will eventually be directed
to the use of the safe shutdown equipment.anJ instruments even though the
operator may have first tried to shut down using equipment not included in
the USI A 46 SSEL. It is nn.t the intent that the operator be directed to-
use the USI A 46 shutdown path as his first priority or to change the
symptom-based emergency operating procedures. Rather, this review is to
ensure that the shutdown path selected for USI A-46 and included in the

SSEL is a legitimate safe shutdown path consistent with plant procedures
and operator training.

One method of reviewing the SSEL agaiist the plant operating procedures is.
to do a * desk top" review of the applicable procedures. Using this method,
the normal and emergency operating procedures are reviewed by an
experienced Operations Deportir,ent representative to check whether all

equipment called out in the operating procedures for the selected path are
included on the SSEL. This review should also verify that there are no
paths from which an operator could not recover with the selected set of
SSEL equipment. For those steps in the procedure which. rely upon operator
training (i.e., steps which only give an overview summary of the actions to
be taken; detailed steps are omitted), the review w should mentally walk
through the actions an operator would take and verify that all the
equipment needed is on the SSEL.

Anotter method of reviewing the SSEL against the plant operating procedures
is to program a simulator to have only those items of equipment on the S$EL

q
availaole. A loss of offsite power could then be simulated. An operator

1

could go through this simulated transient and be observed and/or
interviewed to determine whether any problems are encountered,

i

I

1
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Another method of reviewing the SSEL against the plant operating procedures
'

is to perform a limit:.' control room walkdown in which an sperator talks |

and walks through a plant shutdown following a postulated loss of offsite |
'

power. This could include not only the actions taken by the operator in |
the control room, but also operator actions taken in the plant wher' !

"

equipment is operated from a local control panel or stetion.
.

|
!
t

The Operations Department af the plant should decide which of these |

approaches or combination of approaches would best accomplish the review of
the SSEL against the plant's operating procedures.

3.8 DOCUMENTATION

A summary of the systems selected for shutting down the' plant following a !
Safe Shutdown Earthquake (SSE) and the basis for selecting those systems !

should be documented. This summary can be similar to the generic summaries i

contained in Appendix A for PWRs or BWRs.
fO i

The scope of the equipment included on the Safe Shutdown Equipment List
}

(SSEL) for each of the systems used to shut down the plant should be

identified; this can be done using marked up schematic drawings (P& ids,
electrical one-lines, etc.), i

The Safe Shutdown Equipment Lists (SSEls) should be retained along with any
special explanations for including or excluding certain items.of equipment.

i

The method used by the plant's Opstrations Department to verify the
compatibility of the SSEls with the plant operating procedures should be

L documented.
,

| Section 9 summar!zes the type of documentation which should be generated !
and that which shculd be included in the report submitted to the NRC.. i

;

. I
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netion 4 j

SCREENING VERIFICATION AND WALKDOWN !
. !

!

4.0 INTRODUCTION !
.

The purpose of this section is to describe the Screening Verification and
!Walkdown which should be performed to verify the seismic adequay of active

|
mechanical and electrical equipment identified in Section S and any- [
electrical equipment housing essential relays identified in Section 6. The |
guidelines contained in this section can be used as the first level of :

screening this equipment for seismic adequacy. Other more refined or |
'

sophisticated seismic qualification techniques may be used; however, these
|.

are not described in detail in this document. i
;

i

Seismic Screenina Guidq)_ inn ;

O' :

The procedure for performing'the Screening Verification and Walkdown is .

depicted in Figure 4-1. As shown in the figure, fJtch of' the foll'owing four |
seismic screening guidelines should be used to verify the seismic adequacy
of an item of equipment:

:

Seismic Capacity Compared to Seismic Demand - The seismic capacity of *.

the equipment, as defined by the earthquake experience data bast, the
generic seismic testing data base, or equipment-specific seismic
qualification data, 'should be greater than the seismic demand imposed !

on the equipment by the safe shutdown earthquake.(SSE).
!

,

,

i

:1

| '

'
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Figure 4-1. Overall Procedure for Performing
Screening Verification and Walkdown
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. Caveats - In order to use one of the seismic capacities defined by I

the earthquake experience data base or the generic seismic testing j
data base, the equipment should be similar to the equipment in thr,
data base and meet _the intent of the specific caveats for the data !.
base class of equipment. If equipment-specific seismic qualification
data is used, then any specific restrictions or caveats for that
qualification data apply.

Anchoraae - The equipment anchorage capacity, installation, and.

stiffness should be adequate to withstand the seismic demand from the :
SSE at the equipment location. - i

:
Seismic Interaction - The effect of possible seismic interactions with i.

nearby equipment, systems, and structures should not cause the- i

equipment to fail to perform its intended safe shutdown function. i,
.

i

The evaluation of equipment against each of these four screening guidelines i

should be based upon walkdown evaluations, calculations, and other !
supporting data.

.

Outlier Resolution
.!~
.

'

An outlier is defined as an item of equipment which does not meet the
screening guidelines contained in this section. An outlier may be shown to '

be adequate for seismic loadings by performing additional evaluations such
as the seismic qualification techniques currently being used in newer -

,

nuclear power plants. These additional evaluations and alternate methods j

should be thoroughly documented to permit independent review. Section 5
summarizes possible methods for evaluating outliers. !

1 I
?

'

( Seismic Caoability Enaineers
1

,

The guidelines described in this section should be applied by Seismic .

Capability Engineers as defined in Section 2. These engineers are expected

to exercise engineering judgment based upon an understanding of the f
guidelines given in this document, the basis for these guidelines given in

,

.

|

i

!

F

-- , y - - - r -- , - - . - - . - - , * - - _ _ _--_e--m - - - - - - - - - - - _ - - - - - - - - - -



_

Revision 2

9
the reference documents and presented in the SQVG training course, and
their own seismic engineering experience.

Other Tvoes of Seismic Evaluations and Interfaces

in addition to the seismic evaluations covered in this section for active
mechanical and electrical equipment, seismic evaluations for three other
types of equipment are covered in other sections as follows:

Section 6.- Relay functionality Review*

'

Section 7 - Tanks and Heat Exchangers Review*

Section 8 - Cable and Conduit Raceways Reviewe

While these other seismic evaluations can generally be performed
independently from those for active mechanical and electrical equipment,
there are a few areas where an interface with the Relay. Functionality
Review (Section 6) is appropriate:

Any cabinets containing essential relays,.as determined by the relay.

review in Section 6, should be evaluated for seismic adequacy using
the guidelines contained in Section 4.

A capacity reduction factor should be applied to expansion anchor*

bolts which secure cabinets containing essential relays. The capacity
reduction factor is discussed in Section 4.4 and Appendix C.

Seismic interaction, including even mild bumping, is not allowed on*

cabinets containing essential relays. This limitation is discussed in
Section 4.S.

In-cabinet amplification factors for cabinets containing essential*

relays may be estimated by the Seismic Capability Engineers for use in
the Relay functionality Review.

4-4
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It is suggested that items of equipment containing essential relays be

,

'

identified prior to the Screening Verification and Walkdown covered in this
section so that the above evaluations may be accomplished during the j
Screening Verification and Walkdown, ;

.

:

| !
'

| Oroanization of Section
|

The remainder of this section is organized as follows:
!

. .

j

Section 4.1 lists the requirements to which SQUG utilities-commit when- ;.

adopting the Screoning Verification and Walkdown procedure in this ],

document for resolution of USI A-46. ;

I
Sections 4.2 through 4.5 describe the four seismic adequacy criteria ;.

and the guidelines for performing the Screening Verification and ;

Walkdown. ]

Section 4.6 provides recommendations for documenting the results.of.

the Screening Verification and Walkdown.
!

'

Guidelines for preparing for and conducting a Screening Verification and -

Walkdown are described Appendices E and F, respectively. Recommended i

checklists, called Screening Evaluation Work Sheets (SEWS), are provided _in
Appendix G for use during the Screening Verification and Walkdown.

;

4.1 SQUG COMMITMENTS

Members of SQUG adopting the Generic Implementation Procedure for USI A-46

resolution commit to the following in regard to verifying the seismic
.

adequacy of active mechanical and electrical equipment in the identified
safe % tdown path.

*

|

1

3

d,C
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4.1.1 Basic Criteria |

The licensee will use the following four screening guidelines to verify the i

| seismic adequacy of. safe shutdown equipment. !

.

.

| The seismic capacity of the equipment will exceed the seismic demand i.

; associated with the safe shutdown earthquake (SSE). i
:

!. Equipment whose seismic capacity is based on earthquake experience-.

data or generic seismic testing. data will meet the intent of the ;

specific caveats defining the bounds of these data' bases.
,

! .

Anchoinge capacity, stiffness, and installation will be adequate.to ;| .

| withstaid the seismic demand associated with the SSE.
.

Seismic interactions with nearby equipmt.nt or structures will not- !.

adversely iffect the required safe shutdown function of the equipment. ,

The methods for verifying the seismic adequacy of relays, tanks, heat'
exchangers, and cable and conduit raceways are discussed in other sections g;
of this procedure, w

9

4.1.2 Determination of Seismic Canacity *

!

1ae licensee will determine the seismic capacity of safe shutdown equipment '

using:

Earthquake experience data with capacity defined by the Bounding.

Spectrum,

Seismic qualification test data which have been compiled into Generic. ,

Equipment Ruggedness Spectra (GERS) or
i

Equipment-specific seismic qualification data, or data on similar. -

equipment.
,

t

4-6
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4.1.3 Use of Caveats ,

The licensee will evaluate whether the safe shutdown equipment meets the
intent of the caveats summarized in Appendix B when verifying the seismic |

| adequacy of equipment by use of the Bounding Spectrum or GERS. ;

'

L

4.1.4 &nchoraae Verification
.

.

;

; The licensee will verify anchorage' adequacy with an approach incorporating
~

three elements: :

i-

,

Comparison of the anchorage cepacity with the seismic demand.- :
' .

1

Evaluation of the anchorage to verify that it is adequately installed.| .

'Evaluation of the equipment anchorage load path to verify that there.

is adequate stiffness and strength. [
!

t i
- All required anchorages of safe shutdown equipment will be inspected unless |

otherwise justified by the licensee, based on other anch? rage evaluation [
results, radiation dose concerns, or other factors. !

|

| 4.1.5 Seismic Interaction ,

| [
,

The licensee will evaluate seismic interactions of safe shutdown equipment
with nearby equipment and structures that may compromise the performance of

;

the safe shutdown function. Three effects will be included in the review: !

;

}

Proximity effects.

!

Overhead or adjacent equipment failure !.

Flexibility of attached lines or cables.

'

i

I
t
!
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4.1.6 Documentation

The licensee will document the results of the Screening Verification and
Walkdown on Screening Verification Data Sheets (SVDS).

4.2 SEISMIC CAPACITY COMPARED TO SEISMIC DEMAND

i

The first screening guideline which should be satisfied.to verify the |

seismic adequacy of an item of mechanical or electrical equipment is to-
confirm that the seismic capacity of:the equipment is greater than or equal '

- to the seismic demand imposed on it.

'

This section addresses the comparison of seismic capacity to seismic demand
for the eouioment itself. Note that a comparison of seismic capacity to {
seismic demand is also made for the anchoragg.of the equipment in'

| Section 4.4 and for the relays mounted in the equipment in Section 6. '!
L !

The seismic capacity of equipment can be represented by a." Bounding
Spectrum" based on earthquake experience data, or a " Generic Equipment

'
j Ruggedness Spectrum" (GERS) based on generic seismic test data. These trio

types of seismic capacity spectra are described'in Sections 4.2.1 and.
,

4.2.2, respectively. Note that these two methods of representing seismic
.

capacity of equipment can only be used if the equipment meets the intent of
the caveats for its equipment class as described in Section 4.3.. j

The seismic capacity of an item of equipmentLean be compared to a seismic
demand which is defined in terms of either a Ground Response-Spectrum or.an
in-Structure Response Spectrum (e.g., floor response spectrum). Table 4-1 '

outlines these types of comparisons as either Method A or'B. Method A is !
for making a comparison with a Ground Response Spectrum; Section 4.2.3 i

|
,

,

O
'

4-8
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Table 4-1
,

I
METHODS FOR COMPARING EQUIPMENT

SEISMIC CAPACITY TO SEISMIC DEMAND -
.

,

Method A. - Comoarisons With SSE Ground Resoonse Soectra [

An SSE around response spectrum can be used for comparison to the Bounding
Spectrum or.the GERS when:

,

IEquipment is mounted within about 40 feet above tho effective. grade, and..

Equipment has natural frequency greater than about 8 Hz. !.
,

-

i

Capacity Demand i

A.1 Bounding Spectrum 2 SSE Ground Response Spectrum

A.2 GERS 2 1.5('' X 1.S(b) X SSE Ground Response '

Spectrum

,

.

i Method B, - Comparisons With in-Structure Response Soectra'for the SSE
!

An in-structutg response spectrum can be used for comparison to 1.5 X'

Bounding Spectrum or the GERS for equipment which is mounted at any -

elevation in the plant and/or for equipment with any natural frequency.

|
Capacity Demand

B . ~1 1.S X Bounding Spectrum 2 Realistic, Median-Centered *), In-
~

I

Structure SSE Response. Spectrum.
.

B.2 GERS 2 Conservative, Design, In- -

Structure ~SSE Response Spectrum i

B.3 GERS 2 1.5(*) X Realistic, Median-Centered,
In-Structure SSE Response Spectrum -

.

i

(a) The 1.5 multiplier in Methods A.2 and B.3 is a factor of conservatism to account for uncertainty when
comparing MRS to realistic, median-centered, in-structure response spectra, t

(b) The second 1.5 factor in Method A.2 ef fectively converts the ground response spectrum to a realistic,
median-centered, in-structure response spectrum.

(c) Conservative, des 1Dn. in-structure response spectra may be used for seismic demand with Method B.1
instead of realistic, median-centered in structure response spectra, however substantial conservative,

may be introduced.

'4-9
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discusser this type of comparison. Method B is a comparison with an In-
Structure Response hectrum; Section 4.2.4 discusses this type of
comparison. Method A comparisons are generally easier to apply than
Method B comparisons.

To vierify seismic adequacy' in general, the seismic capacity spectrum,

shoiId enveloo the seismic demand spectrum. There are three special
excotions to this general rule:

The seismic capacity spectrum needs only to envelop the seismic demand.

, spectrum for frequencies at and above the lowest natural frequency of-

the item of equipment being evaluated.

The seismic capacity spectrum can be compared directly to an.

unbroadened seismic demand response spectrum. Uncertainty in the
lowest natural frequency of an item of equipment should be addressed
by shifting the frequency of the demand response spectrum peaks.

Exceeding the seismic capacity spectrum at narrow peaks in'the seismic.

demand response' spectrum is acceptable if the average ratio.of-the
demand spectrum to the capacity spectrum does not. exceed unity over_a
frequency range of 10% of the subject frequency (e.g., 0.8 Hz range at
8 Hz).

Where it is necessary to determine the lowest. natural frequency of an item
of equipment, the Seismic Capability Engineers may, in most cases, estimate
this frequency based on their experience and judgment without need for
t.nalysis or testing,

,

6

!
Equipment-specific seismic qualific;cion techniq9es as used in newer

|
nuclear power plants may be used instead of the methods given-in this- !

section. Specific guidelines (or these equipment-specific qualification
techniques are not provided herein.

4-10
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4.2.1 Seismic Caca 'tv Based on Earthauake Exoerience Data ,

!

Earthquake experience data was obtained by surveying and cataloging the j
effects of strong ground motion earthquakes on various classes of equipment -

mounted in conventional power. plants and other ' industrial' facilities. The
results of this effort are summarized in Reference 4. f

.

A " Bounding Spectrum" was developed which represents the seismic capacity !

of the data base equipment. . A detailed description'of the derivation and [
use of this Bounding Spectrum is contained in Reference 5; this reference- !

should be reviewed by the Seismic Capability Engineers before using the i

Bounding Spectrum. The Bounding. Spectrum (and l'.5 times the Bounding f
Spectrum) is shown in Figure 4 2. |

|

The Bounding Spectrum can be used to represent the seismic capacity of 1

equipment in a nuclear power plant when this equipment is determined to :

have characteristics similar to the data base equipment and meets the f
intent of the caveats for that class of equipment. Section 4.3 and ;

i

Appendix B discuss this in more detail. ;

!

Use of the Bounding Spectrum for comparison with the around response i

spectrum (Method A.1 in Table 4-1) is described in Section 4.2.3. I

Comparison of 1.5 times the Bounding Spectrum to the in-structure' response !

spectrum (Method B.1 in Table 4-1) is described in Section 4.2.4. The 1.5
factor effectively converts ~ the equipment seismic capacity defined in terms f

| of a ground response spectrum to a capacity spectrum defined in terms of a- i

realisi*c, median-centered, in-structure response spectrum.
,

t

i

h
| ;

'
.

!
!
?
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Figure 4-2. Seismic Capacity Bounding Spectrum i
Based on Earthquake Experience Data-
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(Source: Reference 5)
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:4.2.2 Seismic Capacity Based on Generic Seismic Testina Data

A large amount of data was collected from seismic qualification testing of
nuclear power plant equipment. This data was used to establish a generic
ruggedness level for various equipment classes in the form of Generic
Equipment Ruggedness Spectra (GERS). The development of the GERS and the

limitations on their use (caveats) are documented in Reference 6. Copies

of the GERS along with a summary of the caveats to be used with them are
included in Appendix B. Seismic Capability Engineers'should review
Reference 6 to understand the basis for the GERS.

.

GERS can be used to represent the seismic capacity of an item of equipment
in a nuclear power plant when this equipment is-determined to have
characteristics which are similar to the testing data base equipment and
meet the intent of the caveats for that class of equipment. Section 4.3
and Appendix B discuss this in more detail.

Use of the GERS by comparison to 1.5 X 1.5 X the around response spectrum

(Method A.2 in Table 4-1) is described in Section 4.2.3. Use of the GERS

by comparison to a conservative, design in-structure response spectrum or
1.5 X the realistic, median-centered'in-structure respo'ise spectrum

(Methods B.2 and 8.3 in Table 4-1) is described in Section 4.2.4.

One of the 1.5 factors used with the ground response spectrum for Method
A.2 effectively converts the ground response spectrum to a realistic,
median-centered, in-structure response spectrum. The other 1.5 factor
applied to the ground response spectrum in Method A.2 and the 1.5 factor

applied to the realistic, median-centered in-structure response spectra in
MMhod B.3 is a factor of conservatism to account for uncertainty when
sumparing GERS to realistic, median centered, in-structure response spectra
instead of conservative, design in-structure response spectra.

4-13
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4.2.3 Method A - Comoarison of Seismic' Capacity to Ground Response Snectr.A l
. r

| . !
'

| The around response spectrum for the Safe Shutdown Earthquake (SSE) can be
used to represent the seismic demand applied to nuclear plant equipment
when one of the following.two comparisons is'made:

'

i

The Bounding Spectrum envelops the SSE ground response' spectrum:(5% le

damping).
'

The GERS envelops 1.5 X 1.5 X the SSE ground response spectrum (5%-.

damping)'.

| -

fThese comparisons are shown as Methods A.1 and A.2 in Table 4-l'. The

remainder of this sect 4m provides a definition of terms, the advantage and'
.

limitations of using these comparisons with ground response spectra, and j

guidance for, evaluating in-line equipment._ |
| |

Definitiop_gf Terms. The terms used in this section are defined below,

i .

The " ground response spectrum" which should be used in the comparisons is !

the largest horizontal component of the 5% damped, free-field, Safe
Shutdown Earthquake (SSE) ground response spectrum to which the nuclear
plant is licensed. !

| -

The vertical component of the ground response spectrum is'not explicitly
considered for equipment adequacy assessment (except for anchorage

evaluations discussed in Section 4.4). Evaluation of vertical component
effects is implicit in the horizontal motion assessment since the data base
plants typically experienced relatively more vertical motion (compared to
horizontal) than that postulated for most nuclear plants. When using GERS, !

the test data base includes effects of vertical motion which is consistent .'
'

;

; i

4-14

.

>

..2___=___._________._ . _ _ . . - , _, . , . . . . . , . . _ . . . _ , __ - _ .



_. . - - _ . _ _ _ . . _ _ _ .-__ . _ _ _

,

Revision 2 !
|

e |

O |
with that postulated for nuclear plants. It is considered that, in

general, equipment is more sensitive to horizontal motion than vertical !

|motion.

!
* Effective grade" at a nuclear plant is defined as the average elevation of !
the ground surrounding the building along its perimeter. If the plant;is :

founded on rock or a very stiff soil site without controlled, compacted f
backfill, then the " effective grade" is the elevation where the structure |
receives significant lateral support from the surrounding soil or rock; for !

'example, the top of the base mat. Similarly, " effective grade"| should be
taken at the foundation level if crushable foam insulation or other -,

measures are used to isolate the structure from lateral support from the ;

surrounding soil or rock. If an internal structure of.the building is i

supported primarily at the base mat without significant lateral support .;

from the surrounding structure, then the " effective grade" is the elevation [
at the top of the base mat.

O !

Advantaae and Limitations. The advantage of using ground response ;
;comparisons is that with the applicable restrictions and limitations, all

the equipment covered by the Bounding Spectrum or the GERS can be evaluated |
for seismic adequac) without the need for using f. lng response spectra _ |

which are often based on very consarvative modeling techniques or may_not- f|_

be available.
'

|

The restrictions and limitations on use of the around response spectrum for |
comparison to the Bounding Spectrum and the GERS is based on the conditions i

that the amplification factor between the free field response spectra and !
the in-structure response spectra will not be more than about 1.5, and that

g

the natural frequency of the equipment is not in the high energy range as
follows: !

'!

,

| 4-15 ;

1
.
k

. _ - . - - .- . _ . . . . . .- - . - ---



m

Revision 2

O
The equipment should be mounted in the nuclear plant at an elevatione

within about 40 feet above the effective grade, and

The equipment, including its- supports, should have a fundamental.

natural frequency greater than about 8 Hz.

Seismic Capability Engineers should be alert for unusual, plant-specific
situations which could cause the amplification factor to be greater than
that of typical nuclear plant structures. The 1.5 amplification factor is
only applicable to reinforced concrete frame and shear wall structures and
to heavily-braced steel frame structures.

.

feidance for Evaluatino in-Line Eauinment. When using the Boundina
Spectrum for the seismic capacity of equipment mounted on a piping system
(i.e., valves, valve operators, and sensors) -the 8 Hz limitation does nai
apply. That is, the piping system can have a natural frequency lower than
about 8 Hz at the location where the item of equipment is mounted. Low

frequency piping systems are well represented in the earthquake experience
data so special measures to address amplification of input motion are not-

'necessary.

When using the ftERS for the seismic capacity of equipment mounted on a

piping system (i.e., valves, valve operators, and . sensors),.the seismic |
demand should be based on the response spectra of the piping system at-the l

location where the equipment is mounted, not the floor response spectra.
The piping response spectra c e be obtained from a dynamic piping analysis-
if one is available, as an alternative, an amplification factor may be
estimated to account for amplification between the' anchor point of the
piping system (i.e., the floor or wall of the building) and the point on
the piping system where the item of equipment is mounted. Reference 15
provides guidance on the development of simple, conservative pipe response '

spectra.

4-16
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I4.2.4 Method B - Comoarison of Seismic Canacity to In-Structure
Resoonse Socctra

The in-structure response spectrum associated with the SSE can be used to.
represent the seismic demand applied to nuclear plant equipment when one of
the following three comparisons is made: i

1.5 X Bounding Spectrum envelops the realistic, media'n-centered, in-.

structure response spectrum (or conservative, design in-structure ,

response spectrum) (5% damping).

The GERS envelops the conservative,-design, in-structure response '
.

spectrum (5% damping).
;

The GERS envelops 1.5 X the realistic, median centered, in structuree

response spectrum (5% damping). ,

These comparisons are shown as Methods B.1, B.2, and B.3, respectively, in
Table 41. .

!
For these comparisons, the largest horizontal component of the 5% damped .

in-structure response spectra is used, for the location in the plant where
the item of equipment is mounted.

,

The in-structure response spectra referred.to in this section should be
based on the around response spectrum to which the nuclear plant is

|
licensed for the Safe Shutdown Earthquake (SSE). The specific values for
building damping and analysis assumptions made in generating floor response- *

'

curves should be reviewed by the Seismic Capability Engineers using the
4guidance provided in Appendix A of Reference 5.

| t

!
,
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The in-structure response spectrum used for the seismic demand should be
representative of the elevation in the building where the equipment is
anchored and receives its seismic input. This elevation should _be
determined by the Seismic Capability Engfneers during the plant walkdown.

The remainder of this section provides a' definition of terms, the-
advantages and limitations of using these comparisons with'in-structure
response spectra, and guidance for evaluating in-line equipment.

Definition of Terms. The terms used in this section are defined below.
.

" Conservative, design" in-structure response spectra are' defined as
response spectra which have been computed roughly in accordance with

current NRC Regulatory Guidelines (such as Reg. Guide 1.61 for. structural
damping) and the Standard Review Plan.

" Realistic,. median-centered" in-structure response spectra are defined as
res_ponse spectra which are based on (1) realistic damping levels for the
structure and the effects of embedment and wave-scattering, and~(2) the

|_ results of a probabilistic analysis of the structural response having a-
| 50 percent probability of being exceeded should the Safe. Shutdown

Earthquake (SSE)groundmotionoccur.

The Seismic Safety Margins Research Program (References 21 and 22) has

demonstrated the large conservatism which exists in traditionally-computed,
conservative floor response spectra versus realistic, median-centered: floor
response spectra. Structural damping values associated with realistic,
median-centered floor response spectra, when applied to Regulatory. Guide )
1.60 design spectra, are the upper limits of the recommended damping values
defined'in NUREG/CR-0098, " Development of Criteria for Seismic Review of.
Selected Nuclear Power Plants," May 1978. The specific-assumptions made in-

4-18
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generating floor response curves should be reviewed by the Seismic |
Capability Engineers using the guidance provided in Appendix A of i

Reference 5. l

Advantaaes and limitations. The advantage of using floor response spectra
comparisons is that the equipment-can be mounted at any elevation in the j

plant (i.e., higher than 40 feet above effective grade) and/or the l
1

i - equipment can have any natural frequency. j
l !
|

Note that for comparison to 1.5 X the Bounding Spectrum (compar4=on using J

Method B.1), it is preferable to use realistic. median-centered, in- f
structure response spectra. Unfortunately, these type of spectra may not ]
be readily available for the older plants in the.USI A 46 program. -;

Conservative. desian, in structure response spectra may be used instead; .
however, this may introduce substantial conservatism, particularly at'-

|
higher elevations in the plant.

Guidance for Evaluatina In-Line Eouinment. The amplified response of in- '

line equipment which is supported by piping (e.g., valves, valve operators, ;

and sensors) is handled differently when using the. Bounding: Spectrum or the
,

GERS as the seismic capacity of the equipment. When using 1.5 X the- - '

Boundina Soectrum (comparisen using Method B.1), it is nel necessary to |
I

account for amplification of the piping system between the k. ; hor point of ;

the piping system (i.e., the floor or wall'of the building) 'and the point-
~

Ion the piping system where the item of equipment is attached. This is
,

|. because the effect of amplified response in piping systems is accounted for. .

in the earthquake experience data base. |
|

,

;

6
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When using SIES as the seismic capacity of equipment (comparisons using-

Method? B.2 and B.3), piping system amplifications should be accounted for- ;

when establishing the seismic demand on the in-line item of equipment.- The
amplification factor can be obtained from a dynamic piping analysis if one ~ ;

is available. As an alternative, the amplification factor may be estimated ;

usingjudgment. Reference 15 provides guidance on the development of ,

simple, conservative pipe response spectra.-

'I
4.3 EQUIPMENT CLASS SIMILARITY AND CAVEATS ;

i
:

- The'second screening guideline which should be. satisfied to verify the '

seismic adequacy of an item of mechanical or electrical equipment is to-
confirm that the equipment has generally similar characteristics to and j
meets the intent of the specific caveats of the equipment classes in the !

earthquake experience data base or ir, the generic seismic testing data '

base. This review is only necessary when the-Bounding Spectrum or the GERS
is used to represent the seismic capacity of an item.of equipment-(as

described in Section 4.2). If equipment-specific seismic qualification
data is used, then only the specific restrictions. applicable to that I

equipment-specific qualification data need be applied.
.

One important aspect of verifying the seismic adequacy of equipment - '

included within the scope of this procedure is explained by the " rule of t

the box." For the equipment included in the seismic experience data base .

(Classes #1 through #20 in Table 3-1), all of the components. mounted on or '

in this equipment are considered to be part of.that equipment and do not' !

have to be evaluated separately. Auxiliary components which are ag.t1
,

mounted on the item of equipment but are needed by the equipment to fulfill
,

its intended function should be. evaluated separately. Additional
discussion of the " rule of the box" is found in Section 3.3.3. ,

L
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An item of equipment should have the same general characteristics as the |
equipment class in the earthquake or testing 6sta base. The intent of this i

rule is to preclude items of equipment with unusual designs and a

characteristics which have not demonstrated seismic adequacy in earthquakes |
I or tests. Appendix B contains a sumary of the equipment class !

descriptions for the earthquake experience data base,and for the generic
'

seismic testing data base.
!

" Caveats" are defined as the set of inclusion and exclusion rules which
represent specific characteristics and features particularly important for f

- seismic adequacy of a particular class of equipment. Appendix B contains a ;.i

summary of the equipment class caveats for the earthquake experience data j

base and for the generic seismic testing data base. .

.

The " intent" of the caveats should be met when evaluating an item of ;

| equi w as they are not fixed, inflexible rules. Engineering judgment j
should be used to determine.whether the specific seismic concern addressed :

( by the caveat is met. Appendix B provides brief discussions of the intent |
of the caveats.

Note that the caveats of Appendix B are not necessarily a complete list of i

every seismically vulnerable detail that may exist since it is impossible i

to cover all such situations by meaningful caveats. Instead, the Seismic

| Capability Engineers should exercise their judgment and experience to seek

j out suspicious details or uncommon situations (not specifically covered by I

the caveats) which may make equipment vulnerable to SSE effects. For -;

example, the Seismic Capability Engineers should note any areas of concern !

| within the " box" which could be seismically vulnerable such as added i

attachments, missing or obviously inadequate anchorage of components, etc. !
.

~

$

i

o |
-

1

!
t
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The summaries of the equipment class descriptions and caveats in Appendix B j

are based on information contained in References 4, 5, and 6. The Seismic )
Capability Engineers should use the summaries in Appendix B only after j
first reviewing and understanding the background of the equipment classes |

!and bases for the caveats as described in these references. These
references provide more details (such as photographs of the data base

,

equipment) and more discussion than summarized in Appendix B.

i

4.4. ANCHORAGE ADEQUACY l
.;

!
- The third screening guideline which should be satisfied to verify the

seismic adequacy of an item of mechanical or electrical equipment is-to
confirm that the anchorage of the equipment is adequate. Lack of' anchorage

or inadequate anchorage has been a significant cause~ of equipment failing
to function properly during and following past earthquakes.-

; .

''The screening approach for verifying tne seismic adequacy of equipment '
anchorage is based upon a combination of inspections, analyses, and
engineering judgment. Insoections consist of measurements and visual
evaluations of the equipment and its anchorage,: supplemented by use of
plant documentation and drawings. Analyses should be performed to compare a

i the anchorage capacity to the seismic loadings (demand); imposed upon the
anchorage. These analyses can be done using the guidelines contained in
this section or by using the screening tables or computer code (EBAC) from

| Reference 7 or the computer code (ANCHOR) from Reference;14. Enaineerina-
| .iudament is also an important. element in the evaluation of equipment !

I anchcrage. Guidance for making judgments is included, where appropriate,
.

in this section and in the reference documents.

!
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L There are various combinations of inspections, analyses, and engineering

judgment which can be used to verify the adequacy of equipment anchorage. q

The Seismic Capability Engineers should select the appropriate combination ;

of elements for each anchorage installation based on the information (
; available. For example, a simple hand calculation may be sufficient for a |
L pump.which has only a'few, very rugged, anchor bolts in a: symmetrical- !

pattern. On the other hand, at times it may be advisable to use one of the |
anchorage computer codes to determine the loads applied to a multi-cabinet |

; motor control center if its anchorage is not symmetrically located.
i ,

. .i'

Likewise a trade-off can be made between the level of inspection performed |

and the. factor of safety used for expansion anchor bolts. -These types of . .!

ftrade-offs and others are discussed in this section.

t

The four main steps for evaluating the seismic. adequacy of equipment
;

anchorages include:
{; 7

( :

1. Anchorage Installation Inspection !

2. Anchorage Capacity Determination !

3. Seismic Demand Determination )

4. Comparison of Capacity to. Demand hi

!

It is not necessary to perforr, the above steps in the order given. Trade- |
offs between different alternative approaches could affect the order in j
which these steps are performed. I

The remainder of this section describes the four main steps for evaluating f
''the seismic adequacy of anchorages. In some cases specific inspection

checks and evaluations apply to only certain types of anchors; additional j
details on these specific checks are covered in Appendix C. Appendix G {
also includes Screening and Evaluation Work Sheets (SEWS) which can be used

4-23
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as checklists to verify that all the appropriate steps in the anchorage
evaluation procedure have been completed. ;

It is not necessary to perform an anchorage evaluation for in-line valves ,
,

|

(Equipment Classes #7 and #8: fluid operated, motor-operated, and solenoid-'
.

operatedvalves). Likewisetemperaturesensors(EquipmentClass#19)are ;

relatively light, normally attached to another pier.e of equipment,-and do l

l not need an anchorage evaluation.

'i
!

' The material contained in this section and in Appendix C is based upon
- References 5 and 7. The Seismic Capability Engineers'should not use the

| material in this section or Appendix C unless they have thoroughly reviewed-
and understand these reference documents.

4.4.1 Ancho' race Installation Inspection

The first main step'in evaluating the seismic adequacy of anchorages is to
,

check the anchorage installation and its connection to the base of the
equipment. This inspection consists of visual checks and measurements

along with a review of plant documentation and drawings where necessa?y,
.

All accessible anchorages should be visually inspected. Inaccessible
anchorages gol required for strength to secure the itsiii of equipment need
ap1 be inspected. Inaccessible anchoraget or those obstructed from view ,

which are needed for strength to secure the item of equipment should be ]
inspected on a best effort basis without resorting to equipment'-

| disassembly, removal, etc. The basis for the engineering judgment for not i

| performing these inspections should be documented.-

.
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A check _of the following equipment. anchorage attributes s ould be made:

l' Equipment Characteristics (i.e., estimation of mass,: center of.
.,

gravity location, naturali frequency, damping, and equipment base ' < -

overturning' moment center of rotation)
4

2. Type of Anchorage: '

\-

3. Size and Location of Anchorage '

;

4. Installation Adequacy O E
.

5. Enibedment Length

6. Gap Size Between| Equipment Base and Concrete-
~

,

7. Spacing Between_ Anchorages.

8. Edge Distance

9. Concrete Strength and Condition u
-

,1

10. Concrete Crack Locations and Sizes' "

11. Essential Relays in Cabinet- <

,

12. Eouipment Base Stiffness and Prying Action

13. Equia at Base Strength and Structural Load Path-

n
14. Embedment Steel and Pads '

Not all of these attributes are applicable to all types of. anchors.
i

Table 4-2 summarizes the checks which should be made' for the,various types
anchorages. General guidelines for performing these checks are_provideo
below; specific guidelines are included in Appendix C for. those types of- '

anchors covered'in this procedure.

Engineering judgment should be exercised when making-_these checks. Nr
example, it is not necessary to measure the specing between anchor bolts if

i

it is obvious they are much farther apart than the minimum spacing
guidelines given in Appendix C.

4-25
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Table 4-2

ANCHORndE INSTALLATION. INSPECTION CHECKS .
,

(V = Visual. D = Drawing Review. M = Measurement)

'

Attributes To Be Expansion Cast 'n - re Bolts Cast-In-Place Grouted-In-Place: Stelds'to Es6edded
Checked Anchors ,y 'uds J-Bolts Bolts ~ e r Exposed Steet

1. Equipment Characteristics V.M.D V.M.D
,

V.M.D V.M.0 'V.M.D

2. Type of Anchorage V.D V.D V.D . V.D V.D

3. Size & Leation of Anchorage M M M M- M

IN'I I4. Installation Adequacy V.M V' Y V V,

5. Embedment length' V(3) D.M D.M ' D.M - -

6. Gap Between Base & Concrete Y V .: V ' y . --:

$ 7. Spacing Between Anchorages- M M M: M

8. Edge Distance M M M M . - -

9. Concrete Strength & Condition D.V D.V D.V D.V -- ;

10. Cracks in Concrete V V V V- .V
I4I '11. Essential Relays in Cabinet D - -- -- --

12. Base Stiffness & Prying V V V: Y V

13. ' Base Strength & toad Path .V-- V' -V- .V V

I.
- x

14. Embednent Steel & Pads D.V.M D.V.M D.V,M D.V.M D.V.M

Notes: (1) Tightness of expansion anchors can be measured by rotation of the nut using a standard wrench. LE-
(2) Tightness checks are not needed for." Reduced Inspection"'of expansion anchors. ~ Instead, verify that all bolts have nuts. in place. ;I
(3) Embednent length need not be considered for " Reduced Inspection" of expansion anchors.

"c lay Functionality Review (Section 6). -(4) Presence of Essential Relays is determined in the e

_ .

,#',,
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. Check 1 - Eauipment Characteristics. To' determine the-seismis loading on
the anchorage of an item of equipment, the following equipment
characteristics should be estimated: mass, location of=the. center of-
gravity, natural. frequency, component damping, and equipment. base 1 center of-

.

rotation for overturning moment.

The man of the equipment.is a' primary parameter for. determining the
.iner lal loads applied to the anchorage. Equipment weight can be obtained -

from drawings and/or original purchase documents,'if available. However,..

if this information is not available, then conservative estimates.of:
- equipment weight for several equipment classes _ are given in Section C.1 of.

Appendix C. These estimated masses.are,Jin general.. based on the heaviest
. (or. most dense) item identified during a survey of typical nuclear plantL
equipment in each of the eauipment-classes. For unusual equipment, an.
independent mass calculation should be performed or a' conservative estimate
made.

The location of the center of aravity of the equipment is,used' to determine
the overturning moment caused by the inertial loads. ~It'should be-
estimated by performing a. visual inspection of the equipment.. :If the
equipment has relatively uniform density, the center of gravity can be -
taken at-the geometric center of the equipment. If the mass.of. the
equipment is skewed, then appropriate adjustments should:be-made to the
center of gravity location. If component mass is centered significantly
offset from the geometric centerline, then this:sh' uld be noted ando

torsional effects included in the' anchorage evaluations..

The lowest natural freauency (f,)-of the equipment is used to determine the
7

amplified acceleration of the eoi'ipi,'ent' from the in-structure response
spectrum. She equ'; ent .,pecific 'nformation is normally not available
for determining the natural frequencj of most types of equipment,
approximate natural frequencies for c3rtain classes of equipment are given

4-27

.



. . .. - - - - - - - . . .-

[ f

i

.'Rev'ision2[ *

a

91
in Section C.1 of Appendix' C as either rigid (f, >. about:20 Hz) or flexible' '|

-(f .< about 20 Hz).-
'

n
,

1'

The equipment damoina should be determined for flexible equipment so that- !
"

an in structure it *ponse spectrum,: with the appropriats level of damping; . [
' '

.

is~used. The damping values for 'certain classes of' equipment are give'n ini j
'Section C.l. For those classes of. equipment'not covered in.Section C.lb

the relative flexibility / stiffness and damping should.be estimated based oril
|

engineering-judgment,pastexperience,andcom'parison'totheequipment [
'

which is-included in Section C.l'.
1.

The s_ enter of rotation of the equipment base is the-line on"theLbase about, t

which the equipment would rotate'due to an' overturning-momenth The. [,

location of the center of rotation should be estimated ' based'on the' :
i-following guidance. For very rigid. equipment bases,: such as heavy

machinery on skid mounts,-the equipment may be considered-to' pivot about
,

its outer edge or far sia bolt centerline. For flexibleiequipment -bases,. j

such as electrical cabinets with light base' framing members, the center off [
rotation should be taken close to the equipment: baso, centerline.

'
,

Check 2 - Tvoe of Anchoragg. The following five types of; anchorages areJ
covered in this procedure. If any other type of a'nchorage:is used to j

;. secure an item of equipment,Lthe anchorage for that' piece of. equipment
should be elassified as an- outlier','-

'

1. Expansion Anchors - Shell and Nonshell. Types .

'

. 4
2. Cast-In-Place Bolts and Headed St'uds, 9

]3. Cast-In-Pir~e J-Bolts

4. Grouted-In-Place Bolts :

5. Welds to Embedded or Exposed Steel
<

m
- - -- . .
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It is important to identify which of' these types of anchorage is used in an
installation since these. anchorages have different capacities and different -
installation parameters which shouhi be checked during' the inspection.

In most cases, it will' be necessary to use plant drawings, specifications,
general notes, purchase records',Jor other such documents to identify the,
type of anchorage used for an, item of equipmenth-Welds to embedded steel
can be distinguished from bolted anchorages without using drawings;-
however, concrete drawings _ willi still be'needed to check the embedment

details of the steel.. It is not necessary to have specific documented
evidence' for each item of equipment ' installed in.'the plant'; i.e.,- it is

permissible to rely upon generic installation drawings or. specifications so
long as the Seismic Capabilit; Engineers have high confidence-as to
anchorage type and method of installation and remain alert for subtle
differences in anchorage-installations during th'e in-plant inspections.-
The Seismic Capability Engineers should visually inspe'ct the anchorages to
check that the actual installation appears to be= the same as that- specified
on the drawing or installation specification.:

A

If documents are not ava lable to identify = the_ type of b'olted anchorage <'

used for an installatbn, more detailed inspections should be done to
develop.a basis for the type of anchorage-used.and its adequacy.

For expansion anchors, it is important to identify the= specific:make and- '

model of expansion anchor since there is. considerable ~ variance in seismic

performance characteristics for different expansion' anchor types. .The-
makes and models of expansion anchors covered by this procedure are. listed
in Section C.2.2 of Appendix C along with appropriate capacity reduction
factors. It is also important to distinguish between shell- and nonshell-
type expansion anchors since different types of checks should be made to
assure that they are properly installed. Section C.2.2 provides a
description of the differences between shell and nonshell expansion 1
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O
anchors, how-to tell them apart while they are installedi.and what the
capacity reduction factors'are for the various makes'and_models.

Note that expansion anchors.should generally not .be used for securing
vibratory quipment, such as pumps and air compressors. . If such equipment'
isLsecured with expansion anchors, then there should be a 'b ne margin:
between the pullout' loads and the pullout capacities; i.e.,:these expansion
anchors?should be 1oaded primarily in shear with very little pullout load.1

If.a component which'is. secured with expansion _ anchors, has been in service
-

for a long time and its expansion anchors remain tightly. set, then this |is
a' reasonable basis- for ensuring installation adequacy. It:is generally--

recommended that if expansion anchors need to be used'ior vibrating
equipment,'then undercut-type;of expansion anchors should be installed. .

Check 3 - Size and' Location of Anchoraae. The size-of the anchors and thel
locations where they secure the item of equipment to the floor or walliare

i

key parameters for establishing the. capacity of'the anchorage for that _ item {
of equipment. The nominal allowable: capacities in Appendix Cj are-listed:
according to the diameter of the' anchor. Diameter is also|used as aikey. f
parameter'for defining tha minimum'embedment length, spacing between
anchors, and edge distance. The number;and-iocation.of the anchors which

secure an item of equipment deterrine how the seismic loadings are-
distributed among all the anchors. Note that 'the nominal allowable '

capacities given in Appendix C also apply to anchors in.the tension' zone-of : :

concrete; e.g., on the ceiling. -

Check 4 - Installation Adeauaev. Several general installation checks
.

i

should be made of'the anchorage. For welds, a visual check of;the. adequacy 1
of the welded joint should be performed; more details are provided in 4

Section C.6.3 of Appendix C. For bolt or stud installation' a visual' check,

should be made to determine whether the bolt or nut is in place and uses:a
iwasher where necessary. Oversizea washers are recommended for thin '

'

!
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:equipmentLbases.: Lock washers are recommended where.even low-lev'el

vibration exists. For expansion anchors,'a tightness check should be made--

to determine,whether the anchors were properly installed and are Lnot-
obviously loose in the hole. The remainder'of the discussion on Check'4-
below provides an overview of the checks to be made on expansion anchors; -

.' details are provided in Section C.2.3 of. Appendix C.

. .. .

..
;

- The tightness check for expansion anchors'can be accomplished by applying'al i

torque to'theLanchor by hand until-the anchor is:'" wrench tight,'" i.e.,. q
tightened without excessive exertion.- .If the anchor bolt or nut: rotates

,

j
less than about 1/4 turn, then the anchor is considered tight. This-- I-

tightness check is. ngl intended to be-a proof test. of the capacity ~of the (
'

anchorage. This' check is merely meant to provide-a reasonable assurance
that the' expansion anchor was-properly installed and has not loosened
signi ficantly'.

,I
i

It is not the intent of this procedure to require disassembly of cabinets-
and structures or removal of electrical cabling'and conduit to provide '

access-to the expansion anchors for'this tightness check. Therefore, in -;

those cases where expansion anchors are inaccessible,; either during plant: - ;

operation or during shutdown, the Seismic Capability.Eng'ineers'should make

a judgment as to whether the number and distribution of tightness; checks ' l

which have already been made in the plant.is ' sufficient, consider'ing both j

the problem of inaccessibility and the results of the other; tightness
checks. One concern with not checking the tightness of inaccessible
expansion anchors is that these types of anchors may not have been properly
installed because access to them was limited during. installation;
therefore, the reason for inaccessibility should be considered when
deciding not to check the tightness of expansion anchors.

4
For plants which have a large number of similar expansion anchors
installed, a sampling program may be used for the tightness check based on

>
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9.
achieving 95% confidence that no'more'than 5% of the' expansion anchors fail-
t,e tightness test. Guidelines for conducting a sampling program are
provided in Section C.2.3 of Appendix C.

It is not~necessary to perform a tightness check of an expansion' anchor if-
the- anchorage, for that piece of equipment is robust; i.e.,' there is a large

'

.

margin between the applied load and the anchorage: capacity. Guidelines ,for:
'

'

evaluating whether there :is sufficient margin L n-the anchorage are provided|i
,

in Section C.2.10 of Appendix C, Reduced | Inspection Alternative.- l'

- It_is not-necessary to perform a tightness check of' expansion anchors which!
are loaded in tension due-to dead weight,;since_the adequacy of the' anchor <
set is effectively proof-tested by the dead weight- ?aading. Judgment '

should be- exercised to assess the need _ for tightness checks when multiple'
expansion anchors are-used to secure a. base plate loaded in tens' ion by|deh6 .j
loads.

91
Seismic Capability Engineers should.be' aware that'a_ tightness check alone' '

for shell-type expansion anchors may not ,be sufficient' to checkTanchor
installation adequacy. If the top.of:thelshell is in contact:with the-
equipment base, then the tightness check may. simply; be tightenihg -the shell' '

1

against the-bottom of the equipment base as shown in Figure'_4-3., Seismic' d
Capability Engineers should exercise engineering judgment and spot check- i

for this type of installation defect. by removing a few' boltsi from shell-
type anchors and inspecting them to ensure that'the shell anchor and the '

equipment base are not :in contact. If-this. spot check indicates that'these j
types of bolts may not be properly' installed, then the_ inspection checks i

should be expanded accordingly. '

,

l
o
j

,

'I
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Embedment -length. is' determined from the point on the anchor .(defined in

~

Appendix C for the various types of anchors) to the surface of the
'structural concrete. Note: ' Grout pads should ~not be included in the

embedment_ length. ;

j
Check 5 - Embedment Lenath. The~ embedment l'ength of 'an ' anchor ~ should be :

checked .to confirm that it meets the' minimum value so that nominal -

allowable anchor capacities can be used. A' capacity reduction-factor can t
.

be ' applied to' the' nominal: allowable capacities for certain' types- of anchorsi ;,
with less embedment. Minimum embedments and reduction fact' ors |are given:in :!

- Appendix C for each type of anchor coverc.d'in.this procedure. '[
'

.

-

.

. .

4

The minimum embedments for expansion anchorsfare, based on ther 4

manufacturer's recommendations. Expansion anchors which.have,deeperJ
embedments may use the higher recommended capacities contained in the'

manufacturer's catalog .in. place of the . nominal . allowable capacities:in !

Appendix C. The minimum embedments for cast-in-place bolts a'nd headed hj
studs and for grouted-in-place bolts are set tF be'sufficientlyflong;so
that the anchorage will fail in a ductile manner;11.e., in' the bolt or l

~

a
stud, not in the concrete. Grouted-in-place anchor embedmentsfare-the-same 4

L as. those for cast-in-place anchors; a higher ; factor of safety is; assigned-

to the pullout capacities of _ grouted-in-place: anchors.to account. for

uncertainties in the bolt installation. The minimum embedment=for. smooth'
bar J-bolts is based primarily 'on the bond strength between;the bar.'and the ;

concrete.
,

i

The embedment length of expansion anchors can be checked by: (1) confirming l
.

that the' anchor is one of the makes and models covered by this procedure? - ]
(i.e., Check 2, " Type of Anchorage"), and'(2) performing a visual- ]
inspection of the installation using the guidelines in Section C.2.4. For-

many types of nonshell anchors, ultrasonic testing-can be-used to determine
.

bolt length.
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It-is not necessary to perform an embedment length. check of-an expansion i

L- anchor if the anchorage for.that piece of equipment is| robust, i.e., there
| 6

j Lis a large margin between the applied load and the anchorage capacity. . |
' Guidelines for evaluating whether there.is sufficient margin'in the' ='

anchorage are provided in Section C.2.10 of-Appendix C, Reduced Inspection {
= Alternative. 3j
.The:embedment length for anchor types other than expansion ~ anchors can be j

j

-determined from concrete installation.drawingsi ultras'onic. testing,J or.
.

,

other appropriate'means, l,
.

i

Check 6?- Gao Size'Between Enuioment Base and Concrete. The size'of the: j
gap between the base of the equipment and the4 surface.of the1 concrete '

should be less than about 1/4 inch,:as-illustrated in Figure 4-4, for
equipment with bolt-or stud-type anchorages. This limitation is necessary #

-

Ito prevent. excessive: flexural stresses in theLanchor bolt or stud and
'

excessive bending moments on the concrete anchorage. Anchorages with gaps

L larger than about 1/4 inch should be' classified as an_ outlicr and evaluated i

in more detail.o

!

I

There should be D2 gap for equipment containing essential relays. | Gaps' |
beneath the base of this equipment are not-- allowed since' they have the
potential for opening and closing during earthquake load. reversals. ' This- .

'

may create high frequency impact loadings on'the equipment: and any. ;

essential relays mounted therein= co'uld chatter. , The gap size can be- I

L checked by performing a visual-inspection; .a detailed measurement of the i

gap size is not necessary. The check for .the presence of: essential. relays j

in equipment can be done in-conjunction-with the Relay Functionality Review -

described in Section 6.

|
o

)
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, Check 7 - Spacino Between Anchoraces.. The' spacing from an anchor to each
' nearby anchor should .be checked to confihnithat!it meets- the' minimum value=

'

'!
~

|so that nominal- allowable anchor capacities' can be-used. A capacity
reduction' factor can be used when bolt-to-bolt spacing'is,less than the=-

,

4
1minimum specified value. Minimum; spacings and' reduction factors are given..

in Appendix C-forLeach type of anchor covered in this procedure. |
1

!
For expansion anchors,-these-spacing guidelines are based primarily on j
anchor capacity. test' results. | The pullout | capacity of cast-in-placei d
anchors and headed'. studs is based on the-shear. cone theory.'.1The minimum- d

- spacings.given in AppendixLC are'for distances betweenLadjacentfanchorslin- :=

which the cones of influence just touch each other at the surface:of thel
concrete.- These minimum _ spacings;are for-anchors'with the minimum-

embedment. Greater spacings are necessary;to' develop'the full pullouti-
capacities of deeply embedded anchors if. higher capacity values are, used. .

3
\

The shear capacity of anchors.is not:affected as significantly as tension
capacity by closely-spaced anchors.- Recoenended minimum spacings for shear 1

-loads are givenLin Appendix C, along with the corresponding capacity.- 1

reduction factors for. closely-spaced anchorsL !
.

For clusters of closely-spaced anchors, a capacity reduction factor should 1

be applied to an anchor.for, every other nearby anchor. ) For example, if- -

,

there' are three anchors in a line, and all are closer than:the niinimum
spacing, then the center anchor should have two reduction factors. applied
to its nominal capacity allowable; the outside: anchors should have only one
reduction factor applied. I

The spacings between anchors can be checked in the field by a visual-
inspection and, if necessary, the spacings can be measured. Measurements j;

should be made from anchor centerline to anchor centerline.
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Check-8 - Edae Distance. Thedistance-fromananchor-toiafreeedgeoff !

concrete should~ be' checked to confirm that it meets' the minimum value so
'

.that the nominal allowable-anchor capacities!can-be used., A capacitys
reduction factor can be used for anfanchor which'is closer to-an edge than .

~

the minimum. Minimum edge distances and reduction factors |are given in: '!
'

-Appendix C for each type of anchor covered in'this procedure. .!
;

For expansion anchors, these edge distance guidelines are based primarily :
- on anchor capacity test-results. Full pullout |and shear; capacity can be
developed for cast-in-place | anchors and headed studs which are no' closer-;to
a free edge'than the radius of the| projected shear. cone. The minimum edge f

-

. distances given in Appendix C correspond to the shear cone'just touching j
.

the free edge of cencretelat the surface!(no credit:is taken for concretel |

reinforcement). These minimum edge distances apply. to: anchors withEthe :-

minimum'embedment. Greater-' edge distances are;necessary to-develop-'the-

fu11' pullout capacities of' deeply embedded anchors if higher capacities are- !

used. j

!
When.an anchor is near more than one free concrete edge, a capacity'
reduction factor should be applied for each nearby, edge. For. example, 'if
an anchor is near a corner, then two reduction factors apply.

.- :

The edge distances can be checked in the field by.'a visual inspection ~and,
E if necessary, the' edge distances can be. measured.- Measurements should be- y

j

made from anchor centerline- to the free-edge.

Check'9 - Concrete-Strenath and Condition. The concr'ete compressive'
'

scrength (f() should' be obtained from design documentation' or tests to i

confirm that it meets the minimum value'so that the nominal allowable -

-

anchor capacities can'be used. A capacity reduction. factor can be used for' i
'

concrete which has lower strength than the minimum. Minimum concrete >

.

t

k
'
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strengthiand; reduction factors are;given~in Appendix C for each type of 1

| . anchor _ covered in this procedure. ;

'

:

In addition, the concrete in the. vicinity of the anchor'should:be' checked:
to be.sure that-itiis free of gross defects:which could affect the holding ;

strength'of:the' anchor. This' check sh'ould be done in conjunction with:
'

Check 10. " Concrete' Crack-Locations and' Sizes." ' Surface defects such as
'hairline shrinkage cracks:are not of concern._

Note that this procedure covers anchors installed only in poured,-
structural concrete. If a'ny equipment is; secured.to other typestof-

concrete or masonry structures, such as concrete block masonry walls, the j
anchor 6ge for that-item of equipment should:be' classified as- an outlier and: - t

'

evaluated separately. .

The compressive strength of the concrete can normal _ly be obtained from
plant construction drawings, specifications,- or other documents. If this |
information is not available, core sample information can be:used or.new l

samples can be' taken and- tested.

i
'

Check 10 - Concrete Crack Locations and Sizes. The concrete should be-
checked to confirm that it is free of significant structural cracks in the

| vicinity of the installed anchors so that the nominal pullout' capacities'
given in Appendix C can be used. A pullout-capacity reduction factor can
be used for concrete which has cracks which are' larger than the acceptable
maximum widths and are located in the; vicinity of th'e anchor.' Maximum-

acceptable crack sizes and capacity' reduction -factors are given in i

Appendix C for each type of anchor covered _in this procedure.

!

!
:

|
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''Significant1 structural cracksiin concrete are those which appear at the.
concrete surface and pass:through the. concrete' shear cone'of an anchor =-

installation or the-location of'the expansion wedge. . Concrete with surface g

- (craze) cracks. or shrink' age cracks which only- affset the ' surface of the' j
concreto should be considered uncracked.

.:

The check for cracks'in the concrete can be;done'by a visualiinspection'of ;:

the anchorage installation. It; ay be .necessary to: exercise judgment to: lL
;

establish whether cracks .in the vicinity:of anianchor actually. pass through- !

the installation. It is sufficient to estimate the width of cracks without.-

- making detailed. measurements. .This check-should be done-in conjunction

with Check 9, " Concrete Strength and Condition,"=to find other gross'
- defects which could' affect the holding strength of an anchor.- n

I
Check 11 - Essential Relavs in-Cabinets. ' Electrical' cabinets and other.
equipment which are secured with exoansion anchors should be checked to' -

hidetermine whether they house essential < rela: . If essential; relays are
present,-a capacity reduction factor of-0.75 ould be'used for. cabinets
which are secured with expansion anchors. -This! reduction factor is also? [
describedinSectionC.2.9of-AppendixCL t

.
.

. !
The basis for this capacity reduction factor is that expansion anchors-have
a tendency to loosen slightly when they are heavily loaded; 21.e.. they-pull
out of the concrete slightly. This effect does not.significantly; reduce:
the ultimate ~ load carrying capability of expansion anchors;;however, the

,

slight gap between the base of the equipment and the-surface of thei
'

[
,

concrete can open dur.ing the first part of an, earthquake' load cycle and !

then slam closed-during the second part of the cycle. This creates.. highs
frequency impact loadings on the equipment, and the elays mounted therein
could chatter. Use of a capacity reduction factor (for the_ expansion d
anchors which secure this type of equipment lowers -the maximum load which-
the anchor will experience; therefore this minimizes the' amount'of !

4
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loosening and hence the potential for introducing high frequency impact ' |

fl' adings :into 'th'e equipment'. .o ,

:

The check for the presence of essential relays in. equipment can be;done in lc

conjunction' with the' Relay Functionality Review described in Section 6'..

Check 12 - Base Stiffness and Prvina Action. . The baseLand anchorage load ~ l
path of the. equipment should be: inspected.to confirm;that there is adequate: |

stiffness and there is no significant: prying action' applied to the a'nchors'.a ,

One special case of base flexibility is base isolation sys' ems.. Guidelines:t +

for evaluating base isolators are included at.the end of. this' Checku12 1
-

section.
, ,

i

- There are two main concerns with the lack of adequate stiffnessLin the. !

anchorage and load path. First, the natural frequency-of the item of ;

equipment could be lowered into the frequency range where, dynamic -
earthquake loadings are higher (i.e., below about 8 Hz in Boundary Spectrum. l
comparisons, or below about 20 Hz for equipment anchorage evaluations). . 1

Second, the cabinet could . lift up.off the floor 'during an earthquake L
resulting in high frequency impact loadings on .the; equipment, and any- !
essential relays mounted therein could chatter. !,

Prying action can result from eccentric loads within the . equipment itself
and between the equipment and the anchors. The concern ~is that these

prying actions can result in a lack of adequate stiffness and strength an.i
in additional moment loadings.within the equipment or on the-anchors.

_ Equipment constructed of sheet metal, .such as motor control' centers, :
>

switchgear, and instrumentation and control cabinets, is susceptible to '|
.these effects and should be carefully inspected for lack of stiffness ahd :

prying action. Figure 4-5 shows examples of stiff and excessively flexible !
:

anchorage connections with prying action. ;
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Figure-4-5. Examples of Stiff and Excessively Flexible
Anchorage' Connections. (Source: Reference.5)-
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The checks for adequate' stiffness and lack of prying _ action require- -

;

,

considerable engineering 1 judgment and can be done by a visual' inspection of.) '

the anchorage installation. Seismic Capability Engineers should-also j
'

ireview by visual- inspection the entire anchorage load path of the equipment
,

for adequate' stiffness.

If the base is flexible or if prying action could occur,' then the Seismic'
Capability Engineers should exercise their judgment.to lower the' capacity __ ,

-

of the anchorage-accordingly.,

'

- If the equipment is mounted.on a base-isolation. system, then thelisolators. ;
~

should be evaluated for seismic adequacy 'using: the; guidelines provided
_

- ;

below.

Base isolators are vulnerable to failure during,an earth' quake for several i

reasons. Vibration isolators, consisting primarily of. one or several
springs,_have failed during earthquakes when the springs'could'not resist j
lateral loads. Isolators manufactured of' cast = iron ~can shatter when.
subjected to earthquakes. Rubber = and elastomer products in isolators can - f
fail.when bonding adhesives or the material itself, fails. Other. .i sol ators -!

have steel sections. surrounding the spring. element which at first' appear
L stout; however, detailed review can reveal that seismic loads may be.

icarried through small fillet or tack welds' and throught flat bearing plates
which bend along their weak axis.

4

For a-base isolator system to be acceptable for seismic loads, the. isolator
. system should have-a complete set of bumpers ta prevent excessive lateral

movement in all directions. The bumpers sh , not only prevent.any
excessive lateral movement and torsion, but . positive method of resisting [
uplift should also be provided other than the springs themselves, or. the i
rubber or adhesives in tension. If the bumpers-do not have' elastome'ric

pads to prevent hard impact, the effect of that impact on the equipment -

t
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should be evaluated. -(Note: Essential relays |should not be mounted-in :
such equipment;)= lsolators which were specifically designed for seismici
applications (not castairon; unbraced: springs,. weak elastomers,_ etc.) may

- p
be accepted, provided suitable check calculations. verify that all possible - l

load combinations and eccentricities withih- the isolator itself, including - I
_

possible impact loads, can be taken by the-isolator system.- !

.

Check'13-- Eauinment Base Strenath and Structgral Load Path.1The' equipment? h
base and structural load path should beLchecked to. confirm that'it' has?
adequate strength to transmit the seismic loadsLfrom the' center of gravity =
.of:the equipmentito the: anchorage. This check should include such items as--

whether a washer is present under the nut or the head of the' bolt, and if - j
not present,'whether one isLnecessary.- A washer is.not'necessary if the Hz

1base of-the. equipment is at least'as thick as a standard washer with:a hole '

no larger than~ the hole in a standard washer. Another item to check is !

whether the internal bolting and welds near'the base of the equipment cani
carry the anchorage loads. ]

f
One example of inadequate' strength.. in the: equipment base wasidemonstrated

during -a shake table test of a motor control center in' which!all! four --

corners of the assembly broke loose. TheLweld between the base channel and:
M

the shake table remained intact; however,'the small 5/16-inch bolted j
)' connections between the base channel and the: frame of the assembly broke. 1

i

The check for adequate strength in'the equipment: base can be done by a
;

visual inspection of the; anchorage installation. This check sho'uld be done l
in conjunction with Check'12,." Equipment Base-Stiffness and Prying Action."

,

')

Check 14 - Embedment Steel and Pads. If an item of equipment is: welded to
. embedded steel or it is mounted on a grout pad or-a large concrete pad, the ]
adequacy of the embedded steel, the grout pad, or the large concrete pad '
should be evaluated. '

f
!
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: Welds made to embedded steel trar. smit the. anchor load 1to the emb'edment, j

l The location of-the weld should be such.that large. eccentric loads are not|-
'

applied to the embedded steel. If the embedment'uses headed studs, the }
L -: strength criteria given in Section C.3 should'be used together with the ,:

. generic guidelines contained in this section. Other types,of embedments' '[
~

L areinot covered in this procedure;' however, their holding strength can be
1: . .

.

|3 determined byl testing. or by' application'of the" principles set forth in ACI
-

,

i'

Judgment shouldLbe exercised ^349,: Appendix B.(Reference 30). Engineering

-to establish a conservative ~ estimate of the concretei ailure surface forf

these other types of embedments. Manufacturer's test information: or plant j
specifictestinformationmaybeusedtoassdss-'othertypesoffembedments i--

as! appropriate. Factors of safety consistentLwith this procedure should.bef 1;

followed.
,

->
!

Equipment mounted on grout pads should be checked.toLconfirm that the? :!
'

anchorages penetrate through the grout pad into-the structural concrete
0y beneath. Anchorages installed only in the. grout pad have failed.in past

earthquakes and do not have the capacity'valuesLassigned to anchors'in (

structural concrete.
,

if an-item of equipment is anchored-to a large concreteLpad, th'e: pad'sh'ould
have reinforcing steel and be of sound construction (i.e., no prominent-
cracks). The pad / floor interface should also be evaluated. to determine t

whether it can transmit the earthquake loads'. : For example, .iff there-are
{fsufficient reinforcement bars connecting the floor to the pad, then'the

connection is adequate. Also, if.a chemical- bonding agent was .u' sed between

the pad and floor, the adhesion strength can' typically develop the same- -

strength as the concrete in tension and shear.

.

.If there are no reinforcement bars or chemical bond between the; pad and the
floor, then the interface can typically resist only shear loadings (if the- .

interface had been roughened at-the time the pad was poured). It may be:

4-45
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possible,t inL this case, to show:that there Lare no. tensile loads.on the
pad / floor interface due'to either: -(1)' the' center' of gravity of theLitem t ;

of_ equipment being lows or (2) the weight of_ the pad .itself. acting' as a -
ballast toiresist the overturning moment.-

,

~

'

The adequacy check of the embedded: steel, grout pad, and-largeLcencrete pad =
can be done with'a visual inspection together with measurements'and.the us'e1
of drawings and other documents where necessary. This check'should bd rione- j
in conjunction with Check 9,'" Concrete, Strength.and.Cbndition" and Check I

'

.10, " Concrete Crack Locations and Sizes."-
'

:

4 . 4 . 2' Anchoraae Capacity Determinatiga

. . .
1

The second main step in evaluating the seismic adequacy of anchoragesLis'to.
determine the allowable capacity of the anchors 'used to: secure an: item of--
equipment. The allowable capacity is obtAined by multiplying th'e nominal?
allowable capacities by the applicable capacity reduction .fa'ctars'.: The-
nominal capacities <and= reduction factors can be obtained from Appendix C, y

j. based on the results of the anchorage installationfinspection checksz I

L descrr5ed in Section 4.4.1.

The pullout capacity allowable'is based on the productLof Lthe nomin~al' '

pullout capacity and the applicable! capacity reduction factors':

|.
,

P, n = . P,, RT, RL, RS, RE, RF, RC RR, ip

Where: P, g Allowable Eul. lout capacity of installed anchor: -(kip)=

P,, Nominal allowable fullout capacity . (kip)=

RT, Reduction factor for the Type of expansion anchors- 4

RL, Beduction factor for short.embedment lengths :
-

a
RS, - Beduction factor for closely Spaced anchors "
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'

RE, Beduction factor-for near Edge anchors.-

RF, Beduction factor. for. low strength'(f',) concrete - |-

Beduction factor for Gracked concrete > ;RC, =

'

i
RR' -- Beduction factor for expansion: anchors securing equipment'

: with_ essentialLB,elays
'

' y
1

'

The shear capacity allowable-is based on the| product of the _ nominal shear
capacity and the: applicable' capacity, reduction. factors:

,

;

V , _ RT, RL, _ RS, RE, RF, RR,' jV,jj -
no

!-
_

Where': V,ji =| Allowable shear capacity of1 installed anchor _(kip)| !

V. - Nominal allowable _' shear capacity (kip)' +-

RT, 'Beduction- factor;for .the lype. of expansion anchors-

RL, = JBeduction factor for_.short embedment lengths-

( RS, Beduction. factor for closely 4 paced anchors--
-

,

( RE, - -Beduction factor for near Edge anchors: 1

'
'

RF, Beduction. factorLfor low strength (f',)| concrete- -

Beduction factor-for~ expansion' anchors securing equipment. jRR,
'

-

with; essential Belays

>

Note that_the pullout-and shear capacities.for. anchors given above are
based on having adequate stiffness in the base ofLthe eqeipmentiand.on the i

base not applying significant prying actionLto the:anchori If the -|

Anchorage Installation Inspection Check 12-shows' that. stiffness .is not. ;
L . adequate or that significant prying ' action is applied to the anchors, Lthen ~

the Seismic Capability Engineers should lower the ' allowable;capacityfloads:
accordingly. I

i

.

5

'

,

r
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4.4.3: Seismic Demand Determination

The third main step in evalutting'the seismic adequacy of anchorages is to
-determine.the' loads applied to the1 anchorages 1by the seismic-demand imposed.
on.the it'm of equipment. This isidone'using the following five steps: '

e
;

1. Determine the appropriate inout seismic accelerations for;the item--
of equipment for each of the three directions-of motion. 1

'

'

2.- Determine the seismic: inertial eouioment loads for each of. the.-
three directions of motion.using the equivalent static load
method. ,

.-

3. Determin'e the: seismic inertial anchor loads by calculating'the
various load components for..each direction of motion . 1.-

-4. Calculate the combined seismic' loads on- each anchor from'each o'f
the three directions of seismic motions..Then combine theiload
components from these three directions'using the Square Root Sum'.
of the Squares;(SRSS) method;

5. Calculate the total-loads on each anchor |byLadding the: combined:
seismic loads to:the equipment. deadweight: loads-:and any_ other-

loads on the equipment.; .s
1

.)'
These five steps are described- below: 1

:

fi

LSteo 1 - Inout Seismic Accelerations. :The firit' step in determining the
,

seismic-demand loads on the anchorage is to computeLthe input' seismic - j

accelerations from an appropriate'in-structure response ' spectrum, at the| |

damping and natural' frequency of. the equipment, for'the location in the'-
~

plant where the equipment is mounted-
~

.

a

If the equipment. is located'in an area where there are two applicable- - $
ulateral response spectra (nominally one N-S and one E-W), then one of the - -

!

following alternatives can be_ used to define a single- horizontal seismic- ]
demand acceleration for load calculation: :

1
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Use the higher acceleration for both horizontal directions.- j.

Use the acceleration value (either N-S or E-W) which aligns with_ the j.

direction' of the " weak" anchorage- for that item of equipment. ;
;

use the actual direction N-S and E-W accelerations for the N-S and E-W. ;.

loads on each item of equipment.1 _;
;

~

The vertical component of acceleration can be conservatively taken as 2/3,
of the horizontal component of: acceleration.; For most equipment classes, s:

|the ' vertical direction fundamental frequency is in the rigid range. LForc
~

'

this reason, even if. the equipment is flexible' in a horizontal direction,'-
. then 2/3 of the horizontal ZPA''may be used as the vertical acceleration as' l

appropriate. I

C

The following factors which should be considered in determining.the input !

seismic accelerations are' covered below: equipment damping, natural. |

frequency of the equipment, use of unbroadened response spectra,' and
,

factors of conservatism for various types'of in'-structure: response spectra,
i :

Eauioment Damoino. A 5% damping.value_can be used for most of.the
equipment classes covered by this procedure., Section'C.1 of|

.
~

,

| Appendix C lists the equipment classes for which 5% damping is' l
' recommended. This level of damping is adequate for these classes- :because the equipment either exhibits this level of damping or it is

essentially rigid (natural frequency greater than about 20,Hz) so that
the damping level is nearly. irrelevant.. Section.C.1 of Appendix C
also-lists the classes of equipment which have -lower damping .(3% i

damping) and which are, in general, flexible.1 This equipment includes
electrical equipment (Equipment Classes' #1, #2,- #3,- #4, #14,L #15, ~ #16,
#18, and #20)- and some types of Vertical Pumps (Equipment: Class #6).
Inspection Check I can be used to verify that the equipment does not.

,

, have unusual features which could lower its damping below the. values
| given in Section C.I. !
1

-In-structure respo se spectra for the plant may not be available at
the 5% or 3% dampi j levels recommended in this procedure for

L anchorage evaluations. Therefore available-response spectra may be '

normalized to the desired spectral damping level using one-of the :
.

following methods (from Appendix A of Reference 6):

4-49
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For,in-structure resoonse spectra which have.a shape similar to|the-
Bounding Spectrum shown in-Figure 4-2,-_i.e'., without very narrow ,

"

peaks, the spectral acceleration:for a desired damping ratio A,tio ofcan be :
estimated from an available:: response spectrum withia damping ra
S by using the.following relationship:i

ny ,jsa32 := Sa

However this spectral? acceleration _Sagis limited to:
:

(

Satz2 ZPA '|
.

i

for frequencies p
gre'ater- than the, fr,)equency associated with the peak of the response-.in the high frequency region, i'.e.;"frequenciesL

"

spectrum.
j

The meaning of the' symbols used.above'is as follows:
- -

q

S a ,3 available spectral'acc~eleration at' frequency f, j=

associated'with a damping ration $ :-
3

Sa , - desired spectral' acceleration-at frequency f, Ii
associated with:a damping ratio #

2

3 damping ratio of available' response spectrum l# =

B,
'

damping ratio of desired response spectrum=

Zero Period Acceleration 'ZPA =
,

s
f, frequency of interest j=

.

. D
For estimated in-structure rescente soectra based on'1.5 x' horizontal
ground response spectrum (at 5% damping) for-equipment,which (1) is

-l
,

mounted'withire (i.e., below) about 40 above grade- and '(2),has:a i

fundamental natural frequency greater than about 8:Hz, the spectral:

n
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'

can-be' estimated from the
acceleration for a desired damping ratio $,ing one of- the-following

''

5% damped estimated responseLspectrum by us
'three relationships:, '

For f, s 8 Hz:

1 '

san - sau ig
'

For f,2 20 Hz:

-i
Sa , = Sa,3 _ J!i

For 8 Hz < f, _< 20 Hz:-

Sair - linear. interpolation of Sa on -a log-log scale' between I
ir

8 Hz and 20 Hz based on the above'two formulas:- :

,

(m in f g + in b)
.

,
,

:

Where:
. . 1_

Sa,3 available spectral acceleration at frequency f, !
-

associated with a 5% damping ratio.($ ). j. 3
,

1Sa , - desired spectral acceleration at frequency f, '
i

associated with a damping' ratio $ '|2

# 3 damping ratio (5%) of available estimated response-
;

spectrum '

damping ratio of desired response spectrum' iS, -

frequency of interest - )f =
i ,

slope of line on log-log scale between 8 Hz and-20 Hz |m -

1

in Sa - in Sa
,1,,,8Hz,2 go

_

in-8 - In 20 i

!

)
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''
Sa = . spectral accelerat' ion'at 8 Hz associated with-

am.2 the; damping' ratio;$
[2

spectral acceleration at!20 Hz associated withSa,og*,' '-

the damping ratio S, >

-intercept of line on log-log scale: :b =

:

(in Sa8H2.2~ " I A 0 )'
q|

a

may be estimated by past experience with testing or,) analysis'. zThe 'of the. equipment:!Natural Freouency.. The lowest' natural frequency (f
1

natural frequency of: the equipment 'can. be determined in ' Inspection ;

Check 'l during the tinspecti.on of: the . anchorage installation.J Note: '

Lthat' conservative estimates of equipment natural frequency for several' '!
equipment classes are given in Section'C.1.of Appendix C as:either'

.

rigid (f, >~ about 20 Hz) or.-flexible;(f, < about 20 Hz),; -The:- !
.

.

following classes of'_ equipment can generally be' considered as rigid
(i.e., natural frequency greater than about-20 Hz)Lifc anchored
stiffly: ;

. Equipment Class #5 Horizontal Pump i
-

I. Equipment Class #12 - Air Compressors

. Equipment Class #13 Motor-Generators -

-

:{
. Equipment Class #17 Engine-Generators.

-

n
Rigid equipment can use a damping value of: 5Wsince' it zis not-
significantly amplified over the Zero Period' Acceleration (ZPA)'. (

If the natural frequency 'of.the equipment .is estimated- to -bel high *

(i.e.,- greater than about 20 Hz), then the equipmentishould be.-
:

considered " rigid" and theiZero Period Acceleration (ZPA) should. be q,

used for anchorage load calculations.-. If-the natural frequency is : 1
estimated to be below about 20 Hz, then the equi e t should be~ j
considered " flexible" and the peak _ of the resp'.,nc trum may-

,
,

conservatively be used for anchorage. load'ca' n a t '.If.the
natural frequency of the equipment is- known (bs calu;ation,f test, or t

,

,

L other means), the maximum acceleration from.the response spectrum for
l

the frequency range of interest'(from equipment . natural frequency- to
33 Hz) can be used instead of the peak.'

y
a
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MQhroadened Resoonse Spectra. Unbro..dened in-structure response '

spectra can be used for comparison t ** 4mic capacity spectra. t

Uncertainty in the natural frequency c. an item of equipment can be j
handled by shifting the frequency of the. spectrum peaks. j

r.

'Factors of Conservatism. The spectral accelerations determined from
an in structure response spectrum shvuld be multiplied by a factor of-

conservatism from Table 4-3 below, based on the type of. in-structure ;

response spectrum used. The 1.25 factor of conservatism given in this 1

table accounts for uncertainties inherent in median-centered type.of- !

response spectra. The types of. response spectra given in this table i

!and the terminology used to describe them are defined in Section 4.2.
J

The first type of response spectrum givei in Table 4-3 (1.5 X SSE 1
horizontal ground response spectrum) is considered a median-centered :
type of response spectrum for elevations below about 40 feet when the !-

equipment has its lowest natural. frequency above about 8 Hz. The 1.5. !

factor is an effective amplification factor between the free-field i

ground motion and the floors in the plant. - '

|
Table 4-3

FACTORS OF CONSERVATISM FOR DIFFERENT !
'

TYPES OF IN-STRUCTURE RESPONSE SPECTRA: i

Additional
Factor of .

Tvoe of in-Structure Response Spectrum _ Conservatism
.

1.5 X SSE horizontal, ground response 1.25 ;.

spectrum for equipment which: !
;

Is mounted under about 40 feet above i-

the effective grade and
.

Has hs lowest natural frequency i-

'above about 8 Hz*

Realistic, median centered, horizontal 1.25. ;

in-structure response spectrum for SSE i

Conservative, design, horizontal 1.0 :.

in-structure response spectrum for SSE '

I:
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[ Steo 2 - Seismic Inertial Eouioment Loads. The second step in determining
the seismic demand loads on the anchorage is to compute the seismic j

inertial equipment loads for each of the three directions of motion using |
|

the equivalent static load method. In this method, the seismic analysis.is
performed statically by applying the inertial load at the center of gravity
of the equipment. The inertial load in each direction is equal to the ;

input seismic accelerationr, times an equivalent static coefficient. times :

the mass of the equipment, j

IAn equivalent static coefficient of 1.0 can be used for the classes of.
equipment covered by this procedure; the basis for this is described in -i-

Reference 7. The. mass of the equipment is determined in Inspection Check l'
during the inspection of the anchorage installation. Note that
conservative estimates of equipment mass for several equipment classes are
given in Section C.1 of Appendix C.

| Steo 3 - Seismic Inertial Anchor toads. The i.'ird step in determining the
seismic demand loads on the anchorage is to compute the seismic inertial
anchor loads for each of the three directions of motion. This is done by
applying the seismic inertial equipment loads determined in the previous )
step to the center of gravity of the item of equipment and calculating the. I

free body lords on the anchors, location of the center of gravity ofr

the equipment is determineti in Insroc? Wn Lns k I during the inspection of
the anchorage installation. The location of the center of gravity can be
taken as the geometric center of the equipment if the equipment is of

;

uniform density, if the mass of the equipwnt'is skewed, then appropriate I

adjustments should be made to the. center of gravity location. 1

;
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The following types of seismic inertial anchor loads should be determined. !

th f o r, a ce 1 n,

Anchor shear loads due to the lateral component of force caused by the i.

seismic inertial equipment loads, including, if significant, the ,

anchor shear loads due to any torsional moments (center of gravity I

does not correspond to the centroid of the group of anchors), ;

Anchor pullout loads due to the overturning moment caused by the.

seismic inertial equipment loads, with an appropriately estimated
location of the overturning axis. (See below for guidance on .

estimating the location of the overturning axis.) |
*

Anchor pullout load:; caused by the seismic inertial equipment loads.

due to the component of force which is in the line with the axes of f

the anchor bolts; e.g., vertical for floor mounted equipment. .

The anchor loads caused by the equipment overturning moment can be based on ,

the assumption that plane sections remain plane during loading and that the
material in the equipment and the anchors behave in a linear-elastic

4

manner. This results in a linear distribution of anchor loads for a set of-
ancho s which are equal in stiffness and size.

,

.

The recommended location for the overturning axis is at the equipment [,

! centerline for equipment with flexible bases. For rigid base equipment, !

the overturning axes can be taken at the edge of the equipment.
:

"

Steo 4 - Combined Seismic loads. The fourth step in determining the
'

seismic demand loads on the anchorage is to compute the combined seismic

anchor loads by taking the Square Root Sum of the Squares (SRSS) of the
seismic loads on each anchor from the three directions of earthquake
motion.

|
i

,

,

|
..
.
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Steo 5 - Total Anel.or loads. The total loads on the anchorage are computed 'l
by combining the combined seismic anchor loads from the previous step to !

1

the equipment deadweight loads.and any other significant loads which would ,

be applied to the equipment, e.g.; pipe reaction loads on pumps. [
:

4.4.4 Comoarison of Capacity to Demand

,t

The fourth and iinal main step in evaluating the seismic adequacy of .i

anchorages is to compare the seismic ccpacity loads of the anchors
(

l

(determined in Section 4.4.2 above) to the total' anchor loads .(determined |
in Section 4.4.3 above). This comparison can be done using the' shear- [

-

tension interaction formulaHons given in Appendix C for each of the anchor .|3

types covered by this procedure.
,

4.5 SEISMIC INTERACTION t

The fourth and final screening ~ guideline which should be satisfied to.
;

verify the seismic adequacy of an item of mechanical or electrical ;

equipment is to confirm that there are no adverse seismic spatial.
,

interactions with nearby equipment, systems, and structures which could
cause the equipment to fail to perform its intended safe shutdown function.
The interactions of concern are (1) proximity effects. -(2) structural t

failure and falling, and (3) flexibility of attached lines;and cables. !

Guidelines for judging interaction effects when verifying the seismic
,

adequacy of equipment are presented in Appendix 0

It is the intent of the USI A-46 seismic interaction evaluation that real
'

(i.e., credible and significant) interaction hazards be identified and ^

evaluated. The interaction evaluations describedLin Appendix'D. focus on
areas of concern based on past earthquake experience. Systems and '

;

-!
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equipment which have not 5een specifically designed for seismic loads !

should not be arbitrarily assumed to fail under earthquake loads; instead, , ;
I

Seismic Capability Engineers are expected to differentiate between likely !

and unlikely interactions, 1 sing their judgment and past earthquake !

experience. Examples of specific areas which warrant attention in the
'

interaction evaluation are presented in Appendix D.

Note that special attention should be_ given to the sOsmic interaction of -

electrical cabinets containing relays. If the relays.in the electrical j
cabine+.s are essential; i.e., the relays should not chatter during an

'

- earthquake, then any impact on the cabinet should be considered an
unacceptable seismic interaction and cause for identifying that item of -

equipment as an outlier,
i

Guidance for eval Jating the consequences of relay cl atter due to earthquake
motions, includin3 cabinet impact interactions, are prest.nted in Section 6 |

and Reference 8.

4.6 DOCUMWTATION !
!

i
The results of the Screening Verification and Walkdown.should be documented '

or. Screening Verification Data Sheets (SVDSs), shown in Exhibit 4-1 at the !

and of this section. Preparation of the SVDSs includes a review of generic !
I and plant-specific seismic documentation and a plant walkdown of the sate ,

shutdown equipment. The completed SVDSs constitute the formal ;

documentation of the Screening Verification and Walkdown, and reflect the
!

final judgment of the Seismic Capability Engineers.
:

i
Other, informal documentation may be used by the Seismic. Capability

|
Engineers as an aid during the Screening Verification and Walkdown, in :

addition to the SVDSs. These may include individual ec,vipment work sheets |
| and checklists such as the Screening Evaluation Work Sheets (SEWS) included

i

O !
""

,

;

i
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! in Appendix G. Other types of informal documentation which may be used are
calculations, sketches, photographs, etc. Use of informal cocumentation is
optional. |

|

The SVDS is arranged in rows and columns. Each row contains one' item of !
safe shutdown equipment. The columns contain information about-the j
equipment and the results of the Screening Verification and Walkdown. )

| Guidelines for completing each of the columns are provided below. I.

1

At the bottom of the SVDS are two sets of certifications to be signed by
- those performit g the Seismic Verification and Walkdown. The first-

certification should be signed by all the Seismic Capability Engineers who-

performed the Screening Verification and Walkdown; there should be at least
l

two such signatories, one of which should be a licensed professional
.|

engineer. A signature on this certification indicates the Seismic j.
Capability Engineer is in agreement with all the entries and conclusions ,

entered on the SVDS. All signatories should agree with all the entries and
conclusions, i

The second certification at the bottom of the SVDS is for use by a systems
or operations engineer who may provide information to the Seismic
Capability Engineers during their seismic evaluation of the equipment. -It
is left to the Seismic Capability Engineers to determine whether this
second certification is needed. This certification should be completed by
a systems or operations engineer if he/she provides information critical to
the evaluation of the seismic adequacy of the equipment. . Examples of such
information include how a piece of equipment operates or whether a-feature.
on the equipment is needed to accomplish a safe shutdown function. !

information of this type is particularly important if an item of equipment }
is found during the walkdown which should be added to the safe shutdown f,

equipment list (SSEL). Only the signature of the systems or operations i

|
'
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O |
engineer should be documented on the SVDS; details of the information i

supplied to the Seismic Capability Engineers need not be included. t

Note that the completed SVDSs, with the certifications at the bottom, i

reflect the final judgment of the Seismic Capability Engineers. There may- |
be several walkdowns, additional calculations, and other seismic |
evaluations which form the basis for certifying whether the h,;ipment meets .

the screening guidelines contained in this procedure. )
;

Compilation of the information on 6.he SVDSs can be done using a data base- i

management system. This makes it possible to manipulate the order in which-
the equipment is listed on the sheets. During the SQUG trial plant ,

reviews, it was convenient to print out SVDSs by location in the plant. i

This optimized the routing nf the Seismic Capability Engineers during the
walkdowns so that backtracking was minimized and separate teams of Seismic '

Capability Engineers could cover ' ifferent parts of the plant. After thed
'

walkdown is complete, the data base management system can be used to sort '

the equipment on the SVDSs into lists of outliers or other categories of ,

equipment. Exhibit 4-2 shows an example of a completed SVDS using a data
base management system.

;

The contents of each of the 16 columns of the SVDS shown in Exhibit 4-1 is -

described below.

Columns 1 through 6 contain information for identifying and locating the
equipment. These columns are the same as the comparable six columns on the
Safe Shutdown Equipment List (SSEL) shown in Appendix A.

'

Column 1 contains the equipment class number from Table 3-1 of
Section 3.

|

O "'
.

:
4

1

"

.
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O!
Column 2 contains the plant identification or tag number for the ' j
equipment. This is normally an alphanumeric designation by which sn i

item of equipment is uniquely identified in the plant. This

identifier will permit direct acce.ts and a cross-reference to the j

j existing plant files or data system for the item of equipment. :
l

!
.

.

1

,

Column 3 contains both a designation of the plant system to which the
'

,

l equipment belongs and a description of the equipment. If the system-
| designation is placed at the beginning of this field, then the- [

equipment list can be sorted by system with a data base management-
system. ;-

;

;

Column 4 identifies the building in which-the equipment is located. :

I
'

Column 5 contains the floor elevation from which the item of equipment.
can be viewed by the Seismic Capability Engineers. *

Column 6 contains a designation of the location of the equipment
[

within the building. An example of this is by building: column line !

intersection, such as F-12. This indicates the intersection of column

| lines F and 12. Alternatively, the room designation can be given;
'

e.g., diesel generator room (DG room).

Columns 7 through 10 are used to document.the source of the seismic
capacity and the source of the seismic demand.

Column 7 contains the elevation at which the equipment is mounted;
i.e., the elevation at which the equipment receives its seismic input
(demand). This elevation should be determined by the Seismic

.

Capability Engineers during the walkdown. Note that this elevation !
may not be the same as the. floor elevation 'given in Column 5.

4-60 ;
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O |
Column 8 indicates whether the equipment is mounted lower in the i

building than about 40 feet above grade. A "yes" answer to this |4

'question means the ground response spectrum can be used for comparison
T

to the seismic capacity of the equipment. As an alternative, the
actual number of feet above grade could be enteied into this column.

Column 9 luentifies the source of the seismic :apacity. . . The following ;

codes may be used: *

'
s

DOC Componer.t-Specific Seismic Qualification ,

Docu.sentation. !
,

SPEC Bounding Spectrum. .

GERS - XXX Generic Equipment Ruggedness
Spectra, GERS. !

l

| If the GERS are used, a number designation (XXX) should also be given '

L to indicate which unique GERS is used. If seismic qualification
documentation is used, reference to the documentation should be'noted
in Column 16.

,

i

Column 10 indicates the method used to define'the seismic demand.
The following codes may be used: 5

GRS Ground Response Spectra.

ARS Amplified In-Structure (Floor) Response Spectra. ,

;

If the amplified response spectra are used, a number designation
should also be given to indicate which unique ARS is used.

,

|

4-61 '
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Columns 11 through 14 are used to document the results of the evalua", ion of
the equipment against the four seismic screening guidelines: comparison of-

seismic capacity to seismic demand, caveat compliance, anchorage adeqsacy,-
and seismic interaction.

|

Column 11 indicates whether capacity of the equipment exceeds the
demand imposed on it. The following codes'may be used:.

Y Yes, capacity exceeds demand.

N No, capacity does not exceed demand.
.

J Unknownwhethercapacityexceedsdemand!

Column 12 indicates whether the equipment is within the scope of the
earthquake / test data base and meets the intent of all the caveats for -

|
the equipment class to which it belongs. .The following codes may be. !

used:
,

Y Yes, the equipment is in the data base, and
the intent of all applicable caveats is satisfied.

N No, the equipment is not in the data base, or
the intent of all applicable caveats is not satisfied.

U Ur.known whether the equipment is in the data base or
whether the intent of all applicable caveats,is i
catisfied,

i
N/A The earthquake / test data bnse and the caveats are not '

applicable to this equipment..

4-62
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Column 13 indicates whether the equipment anchorage meets the [
anchorage screening guidelines. The following codes may be used: |

!
:

Y Yes, anchorage capacities equal or exceed seismic j
demand, and anchorage is~ adequately installed and ;

adequately stiff. !

'

N No,- anchorage capacities'do not equal or exceed the
seismic demand, or anchorage is not adequatel.t installed, i
or anchorage is not. adequately stiff. j

!

U Unknown whether anchorage capacities equal or exceed i

seismic demand, or whether anchorage is adequatoly '!
installed or adequately stiff. '

,

N/A Anchorage guidelines are not applicable to this
equipment; e.g., valves are not evaluated for anchorage. |

,

Column 14 indicates whether the equipment.is free of adverse seismic |
interaction effects. The following codes may be used:

,

Y Yes, the equipment is free of interaction effects, i
or the interaction effects are acceptable and do i
not corromise the safe shutdown function of the |
equipment. j

i

N No, the equipment is not free of' adverse. !

|t
interaction effects.

j U Unknown whether interaction effects will compranise [
, the safe shutdown function of the equipment. t
'

!

Columns 15 and 16 are used to document the overall result of the equipment i

evaluation and to record a note number for explaining anything unusual for !
an item of equipment, respectively. i

|

Column 15 indicates whether, in the final judgment of the Seismic f
Capability Engineers, the seismic adequacy of the equipment is q

i

l
'

verified. Note that this judgment may be based on one or more

4-63 j
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walkdowns, additional calculatians, and other supporting data. The !
-following codes are used: ;

Y Yes, seismic adequacy has been verified-(i.e.,
code "Y", for all the applicable screening guidelines: -)

'
(1) seismic capacity is greater than demand, !

,

(2) the equipment is in the earthquake / test data- i

base and the intent of all the caveats is met !

(for use with Bounding Spectrum or GERS only), :
(3) equipment anchorage is adequate, and Lt

(4) seismic interaction effects will not. -!
: compromise the safe shutdown function of the 1

,

| item of equipment). ;
r

o N No, seismic adequacy does not meet _one or more [-

of the seismic evaluation criteria. Equipment is '

< identified as an outlier requiring further i
verification effort in accordance with Section 5.

|
;

Note that there is no " Unknown" category in Column 15 since this j
column represents tho final judgment by the Seismic Capability:

,

Engineers. At this point, the item of equipment should be either f
verified to.be seismically adequate (Y) or found to be lacking in one !

or more areas (N) and should be evaluated ~ as an outlier in accordance !

| with Section 5. !

l

Column 16 can be used for exp'.anatory notes. A number can be entered- !

in this field which corresponds to a list of notes which' provide !

additional information on toe seismic evaluation of equipment. For
,

example, a note could indicate that a solenoid-operated valve is ;
mounted on the yoke of an air-operated valve;(A0V)'and is evaluated

|as a component mounted within the " box" of this A0V.

:
1

I
t
;
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*Exhibit 4-1

; SCREENING V"iFICATION DATA SHEET (!VDS)

Equip. Equip. System / Equipment Floor Room or Base Capacity Demand Cap. >. Caveats Anchorage Interact. Equipment
5 eci n g Demand? OK? OK7 OK7 OK7 NgtggClass 10 No. Description Bida. Elev. Row / Col. Elev. <40*? Soectrum 2

(1) (2) (3) (4) (S) (6) (7) (8) (9) ( 10,' (11). (12) (13) (14) (IS) (16) 1

- -

1

4

?
e
us

.

CERTIFICATION: CERTIFICATION:

All the information cositained on this Screening Verification Data Sheet The information provided to the Seismic Capability
(SVDS) is, to the best of our knowledge and belief, correct and accurate. Engineers regarding systems and operations of the equipment
"All information" includes each entry and conclusion (whether verified to be contained on this SVDS is, to the best of our knowledge and
seismically adequate or not). and belief, correct and accurate.

:xs

Approved: (Signatures of all Seismic Capability Engineers on the Seismic Approved: (One signature of Systems or Operations Engineer is $
Review Team (SRT) are required: there should be at least two on the required if the Seismic Capability Engineers deem it -~

SRT. All signatories should agree with all of the entries and - necessary.) .E
conclusions. One signatory should be a licensed professional o
engineer.)

to

i Print or Type Name Signature Date Print or Type Mame Signature Date

Print or Type Name Signature Date- - Print or Type Name Signature - Date

1

j Print or Type Name Signature- Date Print or Type Name Signature Date

*
.- . . . . _ , . - . . . , - - . , . , , ~ . . _ _ - - . ~ . ._.- -. _ . . - - . . ~ , - , , . - . . . - - . __ m _ ~ . - - ~ _ _ _ _ _ _ _ . _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _

-

-
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Exhibit 4-2
Pese No. 33 Data seee File Name/Dete/ Time: INepitEp6.99F / 88-15-90 / 09:19:36
Report Cate/ Time: 08-15-90 / 09:51:11 SCREENING WERIFICATICut DATA SNEET (SWDS) Inden File Nome /Dete/ Time: - EtJNIe6.EBat / 08-15-90 / 09:27:20

Inden Fite Centents: camspid
Program File Name 8 versiant INEP1SNetG v1.3 .

.

!

I

Eq. Equip. Floor Rose or Gese Copacity Demeruf Cep. * Coveets Anchor Inter- Eggsip.
Ct. ID no. System /Espsitument Description Stdg. Etew. Rom / Col Elev. 40'? Spectries Spectrum semandF Ok? Ok? set Ok? Ok? hotos

,

20 CP167W AP/CONPUTER POMER SUPPLY DIS SET #16T CONTROL PNL TS 2TT ' AA9, A09 2TT TES SPEC- ERS YES TES TES TES YES -

20 .CP1798 AP/94TTERY CHARGER HC SET #171 CONTROL PNL Te 261 A11, 12 261 TES SPEC CRS TES TES TES TES TES 1

20 CP1728 AP/Ri.*CTOR PROTECTION STS seG SET #172 CONTROL PNL Ts 2TT D2 2TT TES SPEC - sRS TES TES TES YtS YES 1 -

20 DC1028 AP/EDG 102 CONTROL CABINET TS 261 DG 102 M 261 YES SPEC GRS TES TES TES TES TES 1 ,

20 DC1038 AP/EOG 103 0.9 TROL CAs! NET TS 261- DG 103 itse 261 YES SPEC ERS TES TES TES TES YES 1

( 14 DG102 IB AP/DG 102 EMERGENCY DC ISOLATION BREAKER CASINET 78 261 DG 102 stR 261 TES SPEC GRS TES TES YES TES - TES 1

i

3 DG102# AP/DG 102 NEUT94L 3REAEER CUSICLE 75 261 DG 102 IIR 261 YES SPEC SRS TES TES NO YES NO 1

1

14 DG103 ~5 AP/DG 103 EMERGENCY DC ISOLAft04 GREAEER CASINET TS 261 DG 103 848 261 YES SPEC GRS TES VES TES YES TES 1
,

3 DG103a7 ' AP/DC 103 NEUTRAL BREAKER QJOICLE 78 261 DG 103 RR 261 YES SPEC ERS YES ~ YES NO YES NO 1

; 20 ES CTRL / CONSOLE E CONTL RIE ELECT CONTRot. CONSOLE TS 277 CR 2T/ TES SPEC GRS YES YES TES TES TES ;

. .sm
,

h 18 ECVvR* EC/Ef'ERGEtICT CONDENSER WEWT VALVE RACK Ts 340 PS 360 NO SPEC AFS TES - TES ? TES NO

I 17 EDG1029 AP/ EMERGENCY DIESEL GENERATOR #102 Ts 261 eG, BE18 261 YES SPEC ERS ~ TES ' YES TES TES TES 1
1

? 1T EDC103# AP/ EMERGENCY DIESEL GENERATOR #103 78 - 261 SC'8 261- YES SPEC GRS TES TES TES TES TES 1

CERTIFICATION: CERTIFICAft0N: ,

Att the information conteined en thle screening Verification Dete Sheet The information provided to the Selseic Capulpitity
(SWDS1 is, to the tiest of our knendedge and tietief, correct and accterete. - Engineers regarding systems and operations of the esprijument,

mtt information= includes each entry and conclusion (ediether verf fled to be centeined on this SWDS is, to the tueet of our knandedge end'

seisericetty adequate or not). and tietief, correct and occurate.

Asproved: (Signatures of att Seismic Capatritity Engineers en the seismic Approved: (One slyisture of Systems or ONoretiene Egineer is ['
Revices Teen (SRT) are reepstred; there should tie et teost too are roupsired if the Seismic Caputettity Engineers doen < - -

'
the SRT. Att signatories eheadd agree with ett of the entries and it necessary.). -e- -

conctuelene. One signatory sheidd tie a licensed professiertet tg
engineer.) - ,

:3

'~

Print or Iype Name Signature Dete- Print or Type Name Signature Date to ,
!

Print or Type Neme Signature Date Print or Type Name , Signature Date
,

i

Print or rype Nome Signature Dete Print or type Name Signature Dete
.

!

- .?

~

O e e :.
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Section 5

0UTLIER IDENTIFICATION AND RESOLUTION. |
I
'

5.0 INTRODUCTich
i
,

The purpose of this secti)n is to define the term outliers,- how they should
.be identified and documented, and how they may be resolved.

An outlier is an item of equipment which does not comply with'all of the 1

screening guidelines provided in this' Generic Implementation Procedure
(GIP). The GIP screening guidelines are intended to be conservative since !
they are to be used as a generic basis for evaluating the seismic' adequacy {-

of equipment. If an item of equipment fails to pass'these generic screens, !

it may still be shown to be adequate for seismic loading by additional -

evaluations. !

!
!

This section describes how outliers should be identified and documented for i4

t equipment whi h does not pass the screening' guidelines for:
:

Active mechanical and electrical equipment-(Section 4), !.

Relays (Section 6), 'f.

Tanks and heat exchangers (Section 7), and !.

;

Cable and conduit raceways (Section 8).e

|

Several generic methods for resolving outliers are summarized in this !

Isection. Specific methods for addressing the different types of equipment
are also dise.ussed in the sections where the screening guidelines' are !

described (Sections 4, 6, 7, and 8). I
t

I
i

'

:
!

L

5-1
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The remainder of the section is organized as follows:

i'

The requirements to whica SQUG utilities commit in regard to 1.

identification and resolution of outliers for resolution of USI A-46 |
are given in Section 5.1. j

The reasons for classifying an item of equipment as an outlier are i
e

described in Section 5.2 along with a description of how outliers i
should be documented. ;

A sumary of generic methods for resolving outliers is contained ine

Section 5.3. |

Suggested methods for grouping and pooling of outliers from several.,

different plants for efficient reconciliation are provided in Section
5.4.

.

t

5.1 SQUG COMITMENTS

i
Members of SQUG adopting the Generic Implementation Procedure for USI A-46

resolution commit to the following in regard to.the identification and- |
resolution of outliers, i

!
5.1.1 Identification of Outliers l

i

i

When performing the screening evaluations as set forth in Sections 4, 6, 7, j
and 8, the licensee will classify an item of identified safe shutdown i

equipment as an outlier if the screening guidelines defined in.these j
sections cannot be met and the issue cannot be resolved by the judgment of [
the Seismic Capability Engineers (or the Lead Relay Reviewer:in 'the case of !
therelayevaittionaddressedinSection6).

.

t

5.1.2 Resolution of Outliers
j

!

i
iThe licensee will assign suitably-qualified persons to the task'of outlier j

resolution. If engineering judgment is used to resolve outliers based on
the guidelines in this procedure, assigned persons will have the f
qualifications of a Seismic Capability Er ineer (c' and Relay Reviewer for ;

5-2

i

i
'

p

l
- . , . _ ,. _ _ _ . _ . _ _ . _ . . . _- . _ _. .._. __ _ _ - ___ _ __ _ _



_ _ _
- .

Revision 2-

relay evaluations) as set forth in Section 2. If additional systems
evaluations are required, assigned persons will have the qualifications of -

the Systems Engineers as set forth in Section 2.

5.2 OUTLIER IDENTIFICATION

An item of safe shutdown equipment should be identified as an outlier if it
does not meet the screening guidelines covered in the other section of this
procedure. The topics included in these screening guidelines are listed
below for the various types'of equipment covered by this procedurei

Section 4 - Active Mechanical and Electrical Eauioment
'

(Equipment Class #0 through #20)

Capacity versus Demand-

Caveats-

Anchorage-

Seismic Interaction-

Section 6 - Essential Relays

Capacity versus Demand-

Spot Check of Relay Mounting, Type, and Location I-

Section 7 - Tanks and Heat Exchanaers
(Equipment Class #21)

Shell Buckling of large, Flat-Bottom,' Vertical Tanks-

Anchor Bolts and Embedments-

Anchorage Connections Between the Anchor Bolt and the Tank Shell-

Flexibility of Piping Attached to large, Flat-Bottom, Vertical-

Tanks i

,

/

>
_



.

.. ..

. ,-

Revision 2

.

Section 8 - Cable and Conduit Raceways
(Equipment Class #22)

Inclusion Rules-

Other Seismic Performance Concerns-

Limited Analytical Review-

If an item of equipment is identified as an outlier during a screening
evaluation in one of these other sections of the GIP, then the reason (s)
for failing to satisfy the screening guidelines should be documented on an,

Outlier Seismic Verification Sheet'(OSVS), shown in Exhibit 5-1. A

separate OSVS should be completed for each' item of equipment clas'sified as-
'

an outlier. The information to be included in each-of the four sections of
the OSYS is described below.

Section 1 of the OSVS describes the item of equipment identified as an
outlier. This is the same information as found in the first six columns of^ .- !

the SVDS, shown in Exhibit 4-1. On the OSVS, however, more spac'e is- |

provided to describe the equipment so that more details can be included to-
facilitate later resolution of this outlier issue without requiring
repeated trips into the plant.

Section 2 of the OSVS defines those conditions which cause' that item of
equipment to be classified as an outlier. This section should identify
which of the conditions is the cause for the item of equipment becoming an
outlier. More than one condition may be the cause for the outlier. In j
addition, the reasen(s) for the equipment being an outlier should be
described in more detail. For example, the Seismic Capability Engineers
could indicate at what frequencies the' demand exceeded the capacity.

Section 3 of the OSVS can be used to provide a proposed method for
resolving.the outlier issue, based on the experience and' detailed
evaluation of that item of equipment by the Seismic Capability Engineers or
the Lead Relay Reviewer. This is an optional part~ of the outlier

- 1

,
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<

| [ identification process. This section also provides space for supplying any
additianal information which may be used to implement the proposed method ;

of resolution. This may include information such as an estimate of the !
' fundamental natural frequency of the equipment, f

;

!
For Equipment Classes #0 through #22, as defined in Table 3-1, all the j

Seismic Capability Engineers on the Seismic Review Team (SRT) should sign {
the OSVS. Each SRT should have at least two Seismic Capability Engineers; ;

one of whom is a licensed professional engineer. For. essential relays, the |
Lead Relay Reviewer should sign the OSVS. By signing this form, each ;

individual is certifying that once the outlier issue (s) described in [
Section 2 of the OSVS are satisfied, the item of equipment is considered j,

seismically adequate. [

|
5.3 OUTLIER RESOLUTION j

i

Several generic methods for resolving outliers are summarized below.
Additional specific methods for addressing-outliers for the different types
of equipment are also discussed in the sections where the screening

;

guidelines are described (Sections 4, 6, 7, and 8). The details for j
resolving outliers, however, are beyond the scope of-this procedure. It is :

the responsibility of the utility to resolve outliers using their existing i

engineering procedures as they would resolve any other seismic concern. j
;

It is permissible to resolve outliers by performing additional evaluations f
and applying engineering judgment to address those areas which do not meet i

the screening guidelines contained in this procedure. Strict adherence to f
the screening guidelines in the GIP is not absolutely raquired; however, f

these additional outlier evaluations and the application of engineering !

judgment should be based on a thorough understanding of the screening
guidelines contained in the GIP and the background and philosophy used to
develop these guidelines as given in the applicable references. The ;

i

;

,

;

;
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justification and reasoning for considering an outlier to be acceptable.
should be based on mechanistic principles and sound engineering judgment. )

| i
. j'

L The screening guidelines contained in Sections 4, 6, 7, and 8 have been j
thoroughly reviewed by industry experts to ensure that they are ]
conservative for generic use; however, the resolution of outliers for !
individual plants will not likely receive the samflevel of industry review .),

<

as the generic screening guidelines. Therefor e, it is recommended that the !
'

! evaluations and judgments used to resolve outliert be thoroughly documented"
so that independent reviews can be performed if necessary.

Some of the methods summarized below for resolving outliers build upon the
,

use of the earthquake experience / test data base. The utility may'use the j
ScreeningVerificationandWalkdownproceduredescribedinSection4|in I

,

applying earthquake experience / test data which was not available during the .

.
initial walkdown for resolution of outliers, or it may develop an

I alternative spproach which best fits the circumstances of the specific i

outlier issue. Outlier issues may also be resolved using current licensing i
procedures and criteria.

)1
!

As an alternative, the utility may choose to provide justification for not
performing corrective modifications or- replacement of outliers. Thin the i

NRC must meet the requirements of 10 C.F.R 6 50.109 (backfit rule) in order }.

to require the corrective modifications or replacements be completed.

Methods which can be used to resolve outliers include the following:
1

1. The earthquake experience data base may be expan'ded to include
the equipment or specific equipment features of interest. The
scope of the experience data which is documented in References 4
and 5 represents only a portion of the total data available. The iexpansion of this documented data base could include.a more i,

'

detailed breakdown by type, model or manufacturer of a particular
,

class of equipment, less restrictive requirements for inclusion
within a class, or development of a sub-category with higher 1

5-6 i
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O capacity. Extensions of the generic experience data base are-
subject to NRC review.

I 2. The subject equipment or its anchorage may be evaluated more
i rigorously or modified to strengthen it and bring it within the

scope of the experience / test data base or in compliance with some
other seismic qualification method. For example, the equipment :
or its supports may be stiffened so that its resonant frequency |'

is increased to a frequency where the seismic demand is less. ;

Providing an upper lateral support to a floor-mounted item of '

equipment would typically increase the fundamental frequency to
above the 8 Hz cutoff frequency for use of the Bounding Spectrum.. !

'

!

3. The subject equipment may be replaced with equipment which is. !
contained in the experience / test data base or has been .i
seismically qualified by.some other means. i

- 4. Detailed engineering analyses may'be performed to more carefully - !
and/or accurately evaluate the seismic capacity of tie equipment ,

and/or the scismic demand to which it is exposed. In using more
accurate analytical procedures, consideration should be given to-
using "as-built" rather than specified minimum matuial ;

properties for the equipment..

5. In situ tests may be performed on-tne equipne.c of interest _tc
determine more accurately the equipment dynamic properties.

'

6. Shake table tests may be performed on the same or similar - ;

equipment to check-its seismic capacity or evaluate more
carefully its dynamic properties.

;

7. Inn 'an not available during the Screening Verification and
Wal kdt,, "y be obtained. ;

.

The most appropriate type of outlier evaluation will depend upon a number
of factors, including the reason that the equipment failed the screening |
guidelines, whether the outlier lends itself to additional' review of the

,

experience data base or an additional analytical evaluation, the cost of .i
Idesign or hardware modifications, and how extensive the problem is in the

plant and in cther plants.
.

.

- - _ _ ._ - _. - .- _ . _ .



,#.. ..s- , ,..m_4 u- . . . . a 2 = 2- m..._ . _ . _. . z ..2m2, ,_ ,, .. , _ + . . _ . . . . ,

,

Revision 2 j
;

i

The NRC should be provided with a proposed schedule for complete resolution
or future modifications and replacement of outliers. Documentation of the i

'

actual methods selected by the utility for resolution of outlier issues and
tracking of their implementation is discussed in Section 9, Documentation. ;

!
t

5.4 METHODS FOR GROUPING AND POOLING OF OUTLIERS i

!
t

once an outlier has been identified and-an OSVS'is prepared for that item j
of equipment, the OSVS could then be placed in an appropriate outlier !

category or " basket". There could'be'one basket for each class of 'f
equipment for which there are outliers. Within each basket the outliers |

. could be further divided into the'various reasons that the equipment failed !
the screening verification (e.g., capacity vs. demand, caveats, anchorage,. |

i orinteractions). The organization of the outliers in this manner can !

facilitate reconciliation of recurring outlier issues.
{

.I
One method to efficiently reconcile recurring outliers in SQUG plants is !

for the members of SQUG to pool the outlier information obtained during g|
walkdowns. One means of pooling this information is to tabulate the- 1

outliers, including the information contained on the SVDS and,~.iff
available, the method ultimately.used to verify the seismic adequacy of the' j
outlier. These tables may be generated and organized, using a data base i

,

management program. This summary may be distributed to'the_ members of.SQUG [
so that common outliers may be evaluated using the experience.obtained from i

other plants. For example, one utility may have one or ~several'
f

unreconciled outliers that an SRT at another plant was able to verify. The j
utility with the unreconciled outliers may be able to employ a similar [.

methodolog.y if the detailed information used in the outlier resolution. is
shared. Also, outliers from several SQUG plants may be resolved more cost- i

L effectively using shared funding, i

L
| !

!
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Sheet 1 of 2

Exhibit 5-1 i

OUTLIER SEISMIC VERIFICATION SHEET (0SYS) !
!

I. OUTLIER IDENTIFICATION, DESCRIPTION, AND. LOCATION ;

Equipment ID Number Equipment Class f

Equipment Location: Building F1oor Elevation
-

Room or Row / Column Base Elevation
:

Equipment-Description *

!
B

I'

2. OUTLIER ISSVE DEFINITION

a. Identify all the screening guidelines which are not met.
(Check more than one if several guidelines could not be satisfied.)

Mechanical and
'

Electrical Eauipment Tanks a;d Heat Exchanaers - 4

Capacity vs. Demand Shell Buckling' [

O' Caveats Anchor Bolts and Embedment '

Anchorage Anchorage Connections'
lSeismic Interaction Flexibility of Attached Piping j

Other Other
'

Cable and Conduit Raceways
Essential Relays Inclusion Rules-
Capacity vs. Demand Other Seismic Performance Concerns !

Mounting, Type, limited Analytical Review
,

location Other
Other {

l Shell buckling and flexibility of attached piping only apply to
large, flat-bottom, vertical tanks.

b. Describe all the reasota for the outlier (i.e.. if all the listed !
outlier issues were resol w d, then the signatories _would consider-
this item of equipment to be verified for seismic adequacy): -

.

O t'

U

5-9
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Sheet 2 of 2

Exhibit 5-1 (Cont'd) |
,

OUTLIER SEISMIC VERIFICATION SHEET (OSVS) ,

t

Equipment ID Number ,

i
3. PROPOSED METHOD OF OUTLIER RESOLUTION (OPTIONAL) j

a. Define proposed method (s) for resolving outlier.
,

i

!

!-

b. Provide information needed to implement proposed method (s) for
'

resolving outlier (e.g., estimate of fundamental frequency). |
:
i

1

|

9|
.

;

!

!

4. CERTIFICATION:

- The information on this OSVS is, to the best of our knowledge and belief, '

correct and accurate, and resolution of-the outlier issues listed on the
previous page will satisfy the requirements for this item of equipnent to|

be verified for seismi adequacy:

Approved by: (For Equipment Classes #0 - #22, all the Seismic '

Capability Engineers on the Seismic Review Team (SRT) should sign; .:,

L there should be at least two on the SRT. One signatory should be a t

i- licensed professional engineer. For Relays, the Lead Relay Reviewer (
| should sign.)
!

t

Print or Type Name Signature Date i
:

Print or Type Name Signature Date :I

e1Print or Type Name Signature Date |

5-10 ,'
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Section 6
!

RELAY FUNCTIONALITY REVIEW

~!

6.0 INTRODUCTION .!'

!
i

As part of the resolution of USI A-46' it is necessary to perform a relay ;,-

seismic functionality review. The purpose of this review is to determine ~ !
if the plant safe shutdown systems could be adversely affected by relay ;

8
'

malfunction in'the event of an SSE and to evaluate the seismic. adequacy-*

of those relays for which malfunction is unacceptable, f

'

.i

The purpose of this-section of the. GIP is to provide an overview of the f
relay evaluation procedure and describe the interfaces between other GIP ;

activities and the relay evaluation. The overview:in this section is based [
upon the " Procedure for Evaluating Nuclear Power Plant (Relay Seismic j,

l Functionality," Reference 8. This reference should be used when performing !
the relay functionality review since it contains the necessary data, forms, !
and additional details to implement this procedure. |

1

The material contained in this section of the GIP is as follows: ;

Section 6.1, SQUG Commitments, lists the requirements _to which SQUG !e

utilities commit when adopting the Relay Functionality Review '

procedure in Reference 8 for resolution of USI A-46.. ;

Section 6.2, Relay Evaluation Methodology, provides an overview of the.
.j

methods for performing the relay seismic functionality' review. '

:

(
;

; 1 The term " relay malfunction" is used throughout this section as short. f
'

L hand notation to designate relay, contractor, motor starter, and
switch chatter or inadvertent change of state.

3

0 !
'"

a
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;

Section 6.3, Identification of Essential Relays, describes the methods . i.

to be used to: (1) identify the safe shutdown equipment for which a j
relay review is necessary, and '(2) identify the essential relays in '

the circuits of this equipment for which relay malfunction is ,

unacceptable.
;

Section 6.4, Comparison of Relay Seismic Capacity to Seismic Demand, . j.

describes the methods used to evaluate the seismic adequacy of the '

essential. relays..

.Section 6.5, Relay Walkdown, describes the plant walkdown which should !.

be performed as a part of the relay evaluation. This walkdown may be- )
i combined in part with.the main seismic walkdown described in j

j Section 4. |
, .

.

. :
Section 6.6, Outliers, suunarizes the additional evaluations andI .- -

alternative methods which could be used to resolve outliers which do '

I' not pass the screening evaluations described in this section of-the ' I

GIP. ;

Section 6.7, Documentation of Results, describes the' method whereby a. |.

traceable record of the results of the review is developed for all l

relays reviewed. !

9 ;:The personnel qualifications and training for the individuals performing
this relay review are described in Section 2, 4

i

| 6.1 SQUG COMMITMENTS |

|

Members of SQUG adopting the' Generic Implementatioi. Procedure for USI A-46

resolution commit to the following in regard to identification and-
evaluktion of relays:

| |
:

| 6.1.1 Identification of Relays To Be Evaluated
j!

|

The licensee will identify the relays to be evaluated using a two-step. I
process. First, the systems to be examined will be those identified *

pursuant to Section 3. Using this approach, the licensea will develop a- [
Safe Shutdown Equipment List (SSEL) for relays which wil! include: (1) :

|

62

:
,

)
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' O
! electrically-controlled or -powered safe shutdown equipment whose function

could be affected by relay malfunction, and (2) inactive safe shutdown
'

equipment for which relay malfunction could cause spurious operation.
Second, plant electrical drawings of the circuits-associated with the above
safe shutdown equipment will be used to identify relays to be evaluated.
Certain additional assumptions will be used to establish the scope of the

| relay review:
,

b

Relays will not be damaged by the earthquake, with the exception ofe

certain particularly fragile types.
- . Unqualified relays are assumed to malfunction ~during the short period-

of strong motion during an earthquake.
'Relay types to be reviewed include auxiliary relays, protective.

relays, contactors, control switches, and other similar contact
devices occurring in circuits controlling the systems identified.

Solid state relays and mechanically-actuated switches are considered.

( to be seismically rugged and need not be evaluated for contact
chatter.

6.1.2 Evaluation of Consecuences of Relav Malfunction ;

The licensee will evaluate the relays as set forth in Section 6.1.1 for the
'

consequences of relay malfunction on safe shutdown factions. The relays
whose malfunction will not prevent achievement of any safe shutdown
function and will not otherwise cause unacceptable spurious actuation of '

equipment will not be further evaluated. The seismic adequacy of the i

rema'' 19 essential relays will be verified to assure that' safe s"itdown
'

can be achieved and maintained in the event of a Safe' Shutdown Earthquake

(SSE).

.

E

I
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6.1.3 Assessment of Relav Seismic Adeauncy

The licensee will verify the seismic adequacy of the essential relays |
identified pursuant to Sections 6.1.1. and 6.1.2, above, by compar ng the !
relay seismic capacity to the seismic demand imposed upon the relay. Three

types of data can be used to establish the seismic capacity of essential' ,

relays: d
i,

y4

'

Generic Equipment Ruggedness Spectra (GERS) -
:

.

.

Earthquake Experience Data |
~

*
- i. .

Plant-specific or relay-specific seismic test data j. ,

r

6.1.4 Relay Walkdown i

| The licensee will conduct one or more walkdowns, as needed, to accomplish' '
_

four objectives:

i

Obtain information as required to determine in-cabinet amplification 3 ^,
.

,

| including identification of cabinets, panels and/or racks which house
or support essential relays. *i

>

Verify the adequacy of the anchorage of cabinets / enclosures which !.

support essential relays. ~

Spot check relay mountings..

I

Spot check relay types and locations. !.

!

The relay walkdowns can be accomplished together with, or separate from, j
the main USI A-46 walkdown conducted pursuant to Section'4. !

;

.>

'

-s

t
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6.1.5 ' Documentation:

The licensee will document the results of the relay review, and will
include the following information in the summary Teport prepared according -

]to Section 9 of.the GIP:~

SSEL used to initiate < relay proceduree

Identification of essentia1> relayse-

Screening and evaluation results- ie

Walkdown results- e

' Outliers and~ corrective act' ions,-if anye

6.2 RELAY EVALUATION METHODOLOGY
)

The methodology for evaluation of the seismic functionality of relays is'
0-- based on a twc part screening process'. The first part: h )(identifies:a

minimum set of plant systems and items of equipment which'should function-
properly to maintain the plant in-a safe condition during a'nd immediately'1

-

after an earthquake; and (2) evaluates the consequences of malfunction of
,

the associated electrical relays on system pe'rformance'to: determine if.
-

proper function of.the relays is essential ~ to safe shutdown. - Relays whose-
malfunction is acceptable need not be seismically rugged. This-screening'
process is intended to Q nificantly reduce the number of systems,
equipment electrical circuits and, in turn, relays'which are. considered
essential to plant safety in an earthquaks , and, therefore,1to reduce the -
number of relay types whose seismic' functionality must be demonstrated.

The second part of the relay evaluation process uses relay GERS'and test
data to assess the seismic adequacy of the essential relay types' |Taken
together, these two screening approaches are expecte.i to make the relay
functionality verification under USI A-46 manageable and significantly~ more

6-5
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|. cost-effective than would be the case using current licensing criteria, j

! while at_ the.same time providing good assurance that the affected plants f
cen be safely shut.down during an earthquake. The two parts of the j

. screening processes _are (1): identifying those relays whose function is !
--

essential'to safe shutdown and (2)' assessing their seismic ruggedness, i!
_These parts -are- described below. 'l

an
6.3 IDENTIFICATION OF ESSENTIAL RELAYS

i

The starting point' for the relay evaluation is 'the -identification of safe
shutdown equipment to be examined during the USI A-46 resolution.--

q
Section 3-provides directions for generating two Safe Shutdown Equipment: n

Lists (SSELs), one for use in conducting the plant ~ walkdowntof equipment to. :

verify its ' seismic adequacy as -described in Section~ 4, and the other forj '

3

performing the relay functionality _ review as described in this section.-
,

These SSELs_can be prepared in a computerized form:to facilitate ease off
use. The relay screening procedures- provide _ guidance for reviewingJeach h,
item of equipment on the relay. review SSEL to identify essential relays andi ,

to assess the seismic adequacy of the essential . relays.

The principal elements in the identification of the' minimum set |of. ]essential relays are as follows:-- *

i

USI A-46 Safe Shutdown Criteria and Assumotions

<

For resolutior, of USI A-46, it-is not necessary to verify the seismic
adequacy of all plant equipment defined as Seismic Category I, e.g , in NRC--.

Regulatory Guide 1.29. Instead, only those systems, subsystems and-
equipment needed to bring the plant from a normal operating condition to' a

L safe shutdown condition need be identified to ensure safety during and

| following a Safe Shutdown Earthquake (SSE). As a result, the scope ofLthe '|
|

6-6
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O
seismic verification is limited to' eqt.ipment and supporting systems which
provide functions necessary to achieve and maintain safe shutdown.

The criteria and assumptions need to define'the systems and equipment which.
' i

are needed to bring the plant to a safe shutdown condition are described in ;

~

|-detail .in Section 3 and summarized as follows:

. . .

l
The plant should be brought to a hot shutdown condition _.(as defined by )e

the plant's: Technical Specifications) and maintained there for' 72 a

hours following the' SSE. j,

,
. The earthquake does.not cause a' loss of coolant accident (LOCA) or.

other such events.

. . A LOCA'is not postulated to occur. simultaneously with or during-the-
3

SSE. :j
l

Offsite AC power may be lost during or after-the SSE. '
.

!

There should be sufficient redundancy such that:the failure of the- ||.-..

-

active function of: a single' item of safe shutdown- equipment may occur-- -i-
. without losine the ability to achieve and maintain ~ safe shtdowC

3
conditions, j: j

In addition to these general criteria, the following specific:assumptior.s:
,

provide the bases for the relay evaluation:

Unqualified relays are assumed to malfunction during thishort period ;.

of strong motio.1 during an earthquake. Such. a malfunction, , typically '

chatter, may result in loss of system function or inadvertent-
actuation of systems during the strong shaking period, It is also
possible that relay malfunction during strong shaking-canLresult in y
unacceptable seal-in or. lockout of specific circuits which'are - !designed to have this feature. In such cases, operator actions to

,

reset or restore such circuits to their' original 1 condition may,be
acceptable provided there are sufficient time,: awareness,-access and
procedures for the operators to take this action.

6-7
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Earthquake experience' data and test data show that',Jin general, ' relays ~ '
| f

'

-

|' are'not structurally damaged during'an earthquake; therefore, with the-
:: exception of| certain particularly fragile relay; types, which are
|', identified in the screening procedure of Reference.8, it is assumed ,

that relays are not. damaged as a result of the earthquake!and will;be i

functional after the period of strong shaking. ~

>

Relay types to be evaluated under this program include those devices-.

which are provided.to cause contact operation in? electric' control:
circuits. In general, they fall .into three categories.as shown in.
Figure 6-1. The largest category-is designated. auxiliary relays. . .

i
,

This _ category typically includes electromechanical,ipneumatic timing ,
and solid state relays used for general purpose ~ control blocking,,

closing,-lockout, seal-in and other logic or controli functions..

-
' -cond category includes protective electromechanicalJand solid-

. relays _whose function is to protect equipment from system faults.
and.other abnormal or dangerous conditions by automatically initiating. ' ~

,

-appropriate control circuit action. Protective relays include over-
current-and under-voltage relays.

;,

The third general category of relays is contactors.' . A contactor is a- j
heavy duty relay. which may-carry significant amcunts of current. . It !

Lis distinguished from a circuit ~ breaker such as'is used,in:switchgear
in that its contacts are moved by a _small solenoid-_ type mechanism : y
rather than by compressed springs or other actuating mechanisms.

|
Other devices which have contacts, such-as:contr'olsswitches~which are.
used in ralay logic control circuits, are alsotaddressed in the relay;
evaluation, even though they:are not con'sidered relays. 1,

l

y The- foregoing criteria and assumptions focus th'e relay evaluation by
defining the objectives of the reviews, the relay ; types to be considered,- j
the failure modes to be assumed and other important criteria.

[ Identification of Safe Shutdown Eauioment $
|

As described in detail in Section 3, a nuclear plant should accomplish each-
,

of the following safe shutdown functions to achieve and maintain safe-
shutdown conditions during and following an SSE.

6-8
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TYPES: "..
'

OF RELAYS
.a

|:

(
-

.

.

:

1 r 1 r -1 r.
,

,

CONTACTORS. AUXILIARY PROTECTIVE t'

RELAYS * RELAYS
'

Q
"

= --

1

- ELECTRO-
. - ELECT' n-

MECHANICAL' MECHAi AL' !!
| j -'.s

,

- PNEUMATIC - SOLID - a

- TIMING - STATE'
'

,

- SOLID ;

STATE * AUXIUARY REl.AYS INCLUDE
CONTROL AND GENERAL'.

-PURPOSE TYPE -

1

Figure 6-1. Relay Classification
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Reactor reactivity control.-

Reactor coolant pressure _ controle

Reactor coolant inventory ' controle

Decay heat removale

i
'

In. addition, certain instrumentation 's neededIto_ provide =the capability to
monitor safe shut 'r di- and.to verify that these safe shutdown
functions are be ' hed.i -3

1
1

- Several alternative methods for accomplishing ee 'of the safe shutdown j
functions listed above are_ typically availablem ~uclear power plants. .A

'

preferred alternative should be selected and the Individua1Litem.; of active <
mechanical and electrical equipment in:this alternative should then' be

~

identified. The guidelines for redundancy.per Section;3;2.'6 should be- q

satisfied. Two safe shutdown equipment , lists _(SSELs) should be developed;
one for the seismic walkdown and one for the: relay evaluation.

i

The SSEL for relay evaluation includes electrically-controlled.or -powered j
safefshutdown. equipment whos'e function could beLaffected by cilay |
malfunction. This list also includesi nactive safe. shutdown equipment 1i
which could inadvertently change state or become: active' due' to relayL |

malfunction and result in unacceptable consequences 1(e.g., loss of coolant
' inventory).

Identification of Circuits. Relays. Consecuences of Relav Malfunction

Using the SSEL developed for the relay' evaluation, drawings of the
'

.;

)
electrical control circuit (s) for each SSEL item of equipment should be; |

identified. The electrical circuits used to operate and control the
;

equipment should then be reviewed. The relays identified in this review--
should then'be evaluated.

!

6-10
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Once the'. list of system equipment, circuits, and relays needed for safe
' shutdown is narrowed to only those: required to function -(i.e.,2 change state ]
or maintain a' state)'during and:immediately after the earthquake, an- i

evaluation should be made'of the consequences of ' relay malfunction in: those- :)

-systems and c'..uits. Relay alfunction includes chatter c* the contacts;
in the relay itself-and any other spurious ' signals from other devices;which '

contro1 the operation of, the relay. The other devices could include'other
Irelays which chatter or instruments which send spurious signals due to the-

earthquake vibration (e.g... water sloshing in a tarik could trigger a low a

water level signal from the level instrument). j<

The evaluation of the consequences of relay. malfunction-is' comparable to a,
failure modes and effects analysis and:is intended to identify those!
specific relays whose-malfunction is'impcrtant and those.whose' malfunction
is inconsequential--that is, those relays whose malfunction will not
prevent the essential function from occurring, either because of the-m

h specific circuit design or the failure logic ' employed. For example, .many
;

control and power circuits for systems-in nuclear power plants are designed
such that component malfunction-(including relay malfunction) results. in '

the system failing in a safe manner. An example of this fail-safs design i

approach is the circuitry for initiating reactor shutdown, .or " SCRAM". In ;

g this case, failure of normally energized relays or their power supplies-
results in reactor SCRAM which, in the case of an earthquake, is an' '

acceptable safe action. Relays in these shutdown systens would not be i
_

included on the list of essential relays because their malfunction >is - |
inconsequential from an earthquake resistance studpoint'.

.

The relay screening and evaluation procedure (Reference 8): includes other - !
.

screening methods to eliminate relays from the final group of essential' !

relays. In one such method,-relay malfunction may lead to: inadvertent
equipment or system operation which is acceptable. For example, spurious '[
operation of some pumps and valves may not prevent safe shutdown functions

6-11
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and can be considered acceptable. = Also,-some relay-controlled | devices

respond slowly enough that relay chatter may cause either no operation or
only a temporary but acceptable spurious operation'of the controlled device-

(e.g., relay: chatter leading to partial valve opening' and then reclosing',.
.

or momentary energization of pumps which do not affect the safe shutdown of
the plant).. Also, operator actions can beirelied upon in certain situa-
tions to correct .the effects.of relay malfunction by resetting,the affected'
relays. 'These screening: methods and others are described in detail in $.he
'. step-by-step relay evaluation procedure-in Reference 8.

- -The functional screening process described above will= result =in;the minimum'.

set of essential electrical relays:whose seismic capacity, (that is,
- operability under design seismic loading)fshould be; verified to' ensure that .
~ the plant can be brought to a, safe sh'utdown condition under the criteria
established in USI A-46. It will* also identify; those cabinets, panels, .
racks and other enclosures which support or house; essential relays. These

cabinets and panels will require evaluation'as:partf of 3the equipment - h
walkdown described in Section 4 to ensure they;are properly anchored and -
not subject to unacceptable seismic interaction effects.

6.4 COMPARISON OF RELAY SEISMIC CAPACITY TO SEISMIC DEMAND

This section summarizes the screening method for evaluating the seismic -

'

capacity of essential relays .(those relays identified:using the method '

described in Section 6.3) compared to the seismic load (demand) imposed

upon them by a. seismic event. The~ details for performing this . screening L-

evaluation are described in Reference 8.

Vnder current design and licensing criteria for nuclear power. plants,
relays in safety-related systems are qualified by shake table tests,;most,.
often in the specific cabinet or panel arrangement in which they are
mo9eted. This is generally not practical for older operating plants nor, is '

6-12 i
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it necessary since actual experience with power plants which have- l

undergone.-strong earthquakes has not shown significantLor widespread
,

. problems with standard power plant equipment, including most! relays. -

Therefore,. this alternative to formal qualification _ testing- has been
. developed which uses.available seismic test data-and actual earthquake !

experience data to establish the: seismic capacity of a wide-variety.ofu i

relayLtypes.- A method for' determining the: seismic demand on an; essential.
.

relay in a cabinet-is also included in this screening method.

. .

.
- . - !

The,following=two subsections describe the method for:.- (1) . establishing-
- the seismic capacity of ' relays; and- (2) comparing this: capacity to the - }

seismic demand. .

;

6.4.1 Seismic Capacity of Relgyi i
:

Three methods 'can be used tt establish the seismic ' capacity of essential,

( relays:| *

Generic seismic test data,.

a
Earthquake exper % ce data, and

~

.

Relay-spec 9ic test data...
. ,

These methods are described below.

Generic Seismic Test Data. Available seismic. test data on a variety of.
types of releys have been either gathered or generated, evaluated, and '

consolidated. These data have.been reduced to Generic Equipment Ruggedness ,

Spectra (GERS) in Reference ~32 for relays' which define seismic acceleration:
levels below which relays can be expected to function without chatter.or ,

other damage. 'The GERS are seismic response spectra within which a class
or subclass of relays has functioned properly during shake-table tests. ~In

6-13,
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some cases the GERS|are based on " success" data (that is, seismic ~ test''

spectra for which no relay malfunction occurred)'.- In:this case, the test:
spectra for. one or more relays:in a given class' represent. a -lower bound of
the, seismic-ruggedness of the class. In other cases, the GERS may be based:

~

on " fragility"' data-(that is, seismic response spectra in which failures:or
malfunctions occurred). .In this case,' the GERS represent an upper bound of.
the seismic ruggedness of the relay class. Where both success,and;
fragility data are available for a given _ relay class, the GERS fall between?
the two spectra. Engineering' judgment was'used in developing the GERS:

level-to smooth out sharp peaks-and valleys ~in the. test response 1 spectra
~

"

- and to ensure conservatism. An example GERS for_ severaic auxiliary relay-
types is shown'in Figure 6-2.- A normalized GERS shape is; illustrated at
the top of this: figure;. GERS levels-:(i.e., the peak acceleration) for
specific relays are tabulated at the' bottom of this figure. _ Complete sets-
of all available GERS for relays are given-in Reference 32.~

Earthouake " serience Data. Data'have been obtained onfrelay performance...
specific fi ares, relay vulnerabilities, and other:information from actual
earthquake experience in power plants and other. facilities which have
undergone significant earthquakes. This information has been used to-
identify unacceptable relay types such as those which are known to be

susceptible to damage or chatter due to moderate . shaking. < Unacceptable .
relays and related contact devices which must- be avoided are listed and
considered in the screening procedure given in. Reference 87, Based on:

earthquake experience data and on test data, solid state relays and
mechanically-actuated switches -are considered; seismicallyfrugged and needi

;not be evaluated for relay chatter. Details and restrictions regarding-the
screening of both the low-ruggedness:and.high-rc.ggedness classes of control
circuit devices are described in Reference 8.

;

!
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Normalized Relay GERS!
L

Auxiliary, industrial-Type 2 (300V)'

|.
>

*

(.

!. Spectral Accel.(g) / GERS Level (g) j

1.4 i ; j jp
5 % Dam; ping-

;;-
1.2 t- tmi

|--
. (18.1. 0 ) j.

:
l j t t

-

: 1

L ; (4.1._o) ;

, 1- e s .

| N '
,

O.8 - - .;
(sa.o.elp ;.

L
- 0.6 / Ft-t j-

3

/ -| [ a
'

0.4 -

- ,:t '.

I L|-i , r'- i-0.2 --

t
i- -

(1. 0.1) t .) i,

1( g ,

i 'l| ' ,

|O ' 'o 'oo :
' Frequency: (Hz) ;.

lGERS Level
Type and Submodel Non-Operate- Operate
Identification N0' NC' N0/NC'-i

f
GE CR120A 10 9 10

Westinghouse BFD 10 9- 10

Westinghouse BF 10'- 3
10-

Cutler-Hammer D26HPR 10 9 10

Square D G080 10 5 10-

Allen-Bradley 700-N 10 10 10 $

l- "GERS Level" is the spectral acceleration (g) from 4. to 15 Hz for
5% damping. '

2 "N0" - Normallj Open; "NC" - Normally Closed; "N0/NC" --Change State.
,

3 " " - Data not available.-

Figure 6-2. GERS for Auxiliary Relays. (Source: Reference 32)

?
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Relav-Soecific Test'-Data. The GERS and earthquake experience data:
discussed above are expected to apply to the majority of installed relays -(
types in essential circuits. Plant-specific and relay-specific seismic-a

test data, where~ available, can also be.used. -This' seismic test dda is-- |
generally maintained by specific plants and/or_ relay suppliers and;has not'

ibeen included in the relay GERS. It'may be used on a relay-specific orf
plant-specific basis.

'J
6.4.2 Seismic Canacity Compared to Seismic DemandJ

'

.There are fcur methods for comparing thejseismic. capacity of an essential |-

relay to the seismic. demand' imposed upon it.. These|are described below in j
4a multi-level screening: approach which starts with an approximate, but'

conservative capacity. screening criterion' based on earthquake experience, ;

test. experience and analysis. The final screening level is a very-

detailed,- relay-specific and installation-specific analysis and/or test;
Seismic-adequacy of essential relays can be confirmed by' successful-

.

'application of any one of these screening methods.-
.

. .i
In addition to this screening approach for use with relays in= general,Ja
special case is also described below fer evaluating.the seismic adequacy.of- ;

relays which control the operation of a switchgear breaker, d

>

Screenino Level 1 - Hiah Capacity Relays. This first ' screening level can
be used if the..following conditions are met:

.y

The largest horizontal component of the 5% dampedL-free-field, Safe !
.

Shutoown Earthquake (SSE) around response spectrum, to which the .j
nuclear plant is licensed, is enveloped by the Bounding Spectrum! 1
(shown in Figure 4-2'of Section 4). l

The equipment or cabinet containing the essential relay is mounted at.

an elevation in the plant which is no higher than about 40 feet above- 1

the effective grade of the plant. The " effective grade" is' defined.in |

Section 4.
:
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The essential rel'ay _is not one of Lthe low-ruggedness types listed ine'
Appendir E of Reference 8..

If the above conditions _are met, then an essential _ relay is sufficiently--

rugged when the~ relay is mounted h one of the types of structures. defined.
below and the relay has a seismicccapacity at least 'as large as that' given
below for each of these structure . types: 9

When the essential $ relay-is mounted in'a cabinet similar to ae

conventional motor control center (MCC),-the; relay should have:a'

defined spectral acceleration capacity of 5g;or' higher - Guidelines
for. classifying cabinets as MCCs-.are ,given in Appendix 'I of ReferenceL

'

8. .GERS or relay-specific: seismic dataL(e.g., IEEE-344,and/or
-IEEE-501 -type-tests) can be used to . establish the Espectral
acceleration capacity of the essentialirelay.

-

When the essential relay is mounted on,ar, unsuppcrted panel or in'ae

typical conventional switchgear' cabinet, o. -it is mounted on a control-
room panel or benchboard,' the_ relay should'have a defined: spectral

. acceleration capacity of:89.or' higher. Guidelines for; classifying
these types of cabinets and panels are given;in Appendix |I of-
Reference 8. GERS or relay-specific 1 seismic qualification.datat(e.g.,..

IEEE-344 and/or_IEEE-501 type. tests);can be'used to establish 1the-

-

spectral acceleration capacity of the essential _-relay.
1

If the relay is not mounted in: one!of the these' types'ofcstructures, then
the Screening Level 1 method cannot be used and one-of the following.
screening methods should be used instead.

Screenino level 2 - Use of In-Cabinet Amolification Factors; "The second
screening level for comparing relay seismic capacity to demand is based on:
(1) using an 'in-structure (i.e., floor) response spectrum ~at the base of.
the cabinet containing the relay, (2) multiplying the peak of this spectra

'

by an in-cabinet amplification factor, and-(3)' comparing this seismic-
demand to the relay seismic capacity based on GERS or relay-spe::ific.
seismic test data.

.

;
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To use this screening. method,~ the essential relay should'not be one of the'. !

low-ruggedness: types listed in Appendix E;of Reference 8.
,

;

Th'e types of in-structure resoonse soectra'which can be used are listed in l
'

~

Table 6-1. The types of. response spectra given in this' table and thei
terminology used to describe |them are define'dLin Section 4.2. ;The first'
two' types of response spectra in -Table 6-1 should be multiplied by the. >

l'ctors of conarvatism given in this table. The-1.25; factor ofJ

conservatism accounts.for uncertainties! nherent in median-centered type'of--i
'

;

response spectra. (Both of the first:two' response' spectra listed are-
~

- considered median-centered.) The 1.1 factoriaccounts for uncertaintiesfin ,

-the relay GERS when used with realistic, median-centered type of= responseD
spectra. . These factors of conservation"are not needed for the| third type
of response spectra in Table 6-1 the relay GERS when: used with realistic,
median-centered type of response spectra. :These factors of conservation. ;

are not needed for:the third type of response spectra' in Table 6-1: ,

(conservative, design, in-structure response spectra)3 since:this. type of-
spectra already has~ sufficient margin; ;

The in-cabinet amolification factors which'canLbe.used for Various' types-of'-
cabinets are given in Table 6-2. Guidelines and criteria.for datermining ;
cabinet types are included in Appendix I of Reference 8.

[
.

The seismic capacity of an essential-relay can be represented by either an 4

applicable relay GERS or relay-specific seismic tes'.' data (e.g;, IEEE-344.
,

and/or IEEE-501-type tests). When using relay-specificLseismic test data,.
it is not necessary to use the 1.1 factor from Table 6 '1'with the in-
structure response spectra.

;-

4

f

t .
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. Tabl e ' 6-l '

FACTORS OF CONSERVATISM TO BE APPLIED TO DIFFERENT
TYPES OF IN-STRUCTURE RESPONSE SPECTRA-

Factors of
Tvoe of'In-Structure' Response Soectrum Conservatism

I1.25 ') x' 1.1(b)1.5 X= SSE horizontal, groundiresponsee

spectrum -(For. equipment'which'is:
mounted.under about:40Lfeet~above:the-

- effective grade and _has a natural-
frequency. greater thantabout 8 Hz)

l1.25 ') x' 1.1(b) _Realistic, median-centered,L horizontale
- in-structure response spectrum.for the-

SSE
'

-

w

Conservative,-design, horizontal 1.0e

in-structure response spectrum for the-
SSE

(a)_ The 1.25._ factor = accounts for uncertaintiesLinherent in
median-centered type of response spectra.

(b) The 1.1 factor accounts for uncertainties in the relay CERS when
used with realistici median-centered type of response spectra.-
It does not need to be-used with relay-specific seismic test
data.

e
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Table 6-2-

'IN-CABINET AMPLIFICATION FACTORS FOR-
USE WITH LEVEL 2 RELAY SCREENING METHOD

. In-Cabinet
-Tvoe of Cabinet Amol . - Factor

MCC-type cabinet'
-

.

- -3.

(Defined ~in Appendix I'of Reference 8)

Conventional control panel or benchboard -4.5e

(Defined-in Appendix 1 of Reference 8)

Switchgear-type cabinet or similar_=large 7+

- ' unsupported panel
(Defined in Appendix I of Reference 8)

Other type of cabinet, panel, or' *.

enclosure for which _ cabinet-specific.-
amplification data exist

O
For the "Other" type of cabinets, use an. effective broad-based*

-

amplification factor. This-. is obtained by_ multiplying the measured -
peak amplification factor, for the location'in the cabinet where the
relay is mounted, times an appropriate reduction' factor. Appropriate
reduction factors are discussed ~ in Reference 33;- for typical,--narrow-
peak amplification spectra, the reduction' factor is 0.6.

,

.

f-
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A relay is_ considered seismically a'dequate if the seismic demand spectrum

'
is bounded-by the relay capacity spectrum in the frequency range from 4 -
16 Hz. If the guidelines for this screening method cannot be applied, ore
the seismic demand is not bounded by the seismic' capacity of-the relay,
then one of the following screening methods should be used instead.

Screenina Level 3 -- Use of In-Cabinet Resoonse Soectra. In this screening;
. level, the seismic demand applied to essentiali-relays.can be estimated by 1

one of the following.mathods:,

i
- An amplified, in-cabinet response spectrum L s determined using thei

methodology and software described in Reference-33 for control room;
benchboards and panels. In this option, the cabinet or= panel
evaluated must meet the restrictions (or caveats) given in Reference
33.

For other types of cabinets:and panels which are not covered byi
.

!

.

Reference 33, an amplified, in-cabinet response spectrum is determined :
using analytical and/or test methods which are suitable for the

-

specific case, and which- are justified in 4he relay evaluation report
3

(Reference 8). (This is equivalent to the case-specific _ analysis R
and/or test approach acceptable under current licensing-criteria.)-- y

The guidelines for determining relay seismic capacity and comparison of l

seismic capacity to' seismic demand are.the same as in Screening Level 2, !

above,
i

j
. .

.
;

If the guidelines for this screening method cannot be applied, or-the~ |

seismic demand is not bounded by the seismic capacity of the relay, then
the following screening method should be used instead.

,

Screenina level 4 - Use of Current Oualification Methods. Use of seismic
qualification methods currently specified in NRC-approved IEEE standards '

(e.g.,IEEE 344-1975,-1987) and current licensing criteria ~(e.g., NRC
Standard Review Plan and Regulatory Guides) are acceptable means for 1

evaluating the seismic adequacy of relays.

6-21 i-
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If none of the above screening methods result in an~ acceptable' comparison j~

of seismic capacity-to demand, then-the~ relay. should-be classified asianu -)
outlier as discussed in Section-6.6 belowD Note that 't is permissible-to:
deelare a relay.an outlier without: applying' all of the above _ screening -

methods ~. i

Seismic Adeauacy o'f Relavs'in Switchaear.1. A special' case-can b'e> u id for -
.

essential . relays which directly control the operation of switchgear. To j
show that this type of essential? relay is seismically' adequate, it is not- j-

!necessary to use the:abovefscreening methods. . 'Instead-the''relayican: be
shown to be adequate if: (1):the cabinet containing the' relay has been-- '

shown to be seismically adequate using the' seismic evaluation method given; ;
in Section 4,L and (2) the essential relay is not one of the low-ruggedness-
types listed in Appendix E of Reference 8. Note that these relays which
control the operation of the circuit breaker may be mounted in the r

switchgear cabinet or in another cabinet. Further. details on screening of
'

essential relays in switchgear are provided in Reference 8.

6.5 RELAY WALKDOWN !
,

A walkdown should be performed as a par.t _ of the relay evaluation. = The
purposes of the relay walldown are. to:

Obtain information needed to determine cabinet types which house.
.. i

essential relays and to determine- the.in-cabinet amplification, where ;
needed, for~the seismic capacity screening described:above.-- , :

| Verify the adequacy of the anchorage of the cabinets or' enclosures-.
,

which support- the essential relays.

Spot check mountings of essential-relays..

Spot check the essential relays to verify their types and '. locations, i
.-

including checks for vulnerable relays (as listed in Appendix E of 1
Reference 8).

-i

i
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These purposes can be accomplished during one walkdown or separately during
'

: different walkdowns. To accomplish the first purpose of the= relay
walkdown, the ' cabinets or panels which house essential'. relays should 'be j
identified and the information needed to determine. in-cabinet amplification-'

should be reviewed. A Seismic Capability Engineer' and_ a Relay . Reviewer (as;

defined in SectionL2) should-accomplish this: purpose.

i

The second purpose, evaluation!of the anchorage of the cabinet /enclosdre ,

supp1rting the relay, should be_ done asoa'part of the. Screening; {
- Veritication and Walkdown 'as described in Section 4. Note ~that the' |-

cabir ets or enclosures supporting essential relays should be identified- i~

-

prio+ to this walkdown. f
.

The third purpose of the relay walkdown. is to spot check relay mountings tot
confirm that 'elays are mounted in accordance with manufacturer's. ir
recommendations. The objective of ~ the -spot checks is to' identify _ any- (
abnormal or atypical relay mounting techniques. The specific number'of.
relays to be checked is not quantified because the bulk of the relays. j

addressed in the relay evaluation procedure' are typically. located in a few -

n rd h el 1 t n be c ke pen g rel [
cabinets in:the following plant areas:

Control room.

Relay room or auxiliary control room |.

Switchgear rooms. ,

Diesel generator control panel area.

,

Spot checking relay mountings can be performed during a separate relay
walkdown by personnel familiar with relay installation. Alternatively,
relay mountings may be spot checked during the seismic walkdown when j

6-23
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l' Lin-cabinet' amplification information is gathered. Special preparation orf ;

l training is not' required >for spot checking relay mountings.; Indications ;
'

'

; such|as, proper relay 1abel: orientation, . mounting bolts in_ place: and~ tight, .
and ~whether the relay is snug'infits mounting bracket' are sufficientito

Ljudge the adequacy of the mounting; analytical' checks are notIntended
dexcept as a means to.. verify atypical mountings,

;: -

The fourth _ purpose of the relay walkdown is to confirm relay ~ types and
-}

L locations. .This can be performed at the same time that the relay mountings' 1.

are checked and by.-the'same-individuals.t The approach for confirming. relay:
~

'
- . types by the relay walkdown team includes noting relay typesLobserved in ~ I

the cabinets and then comparing this with the relays" identified on-' ]
electrical drawings. It is'important to note.that-relay mountings are'' y

: considered to be standard and the circuit drawings are assumed to tie - |

correct and up-to-date. Spot checks- of the relay mountings and relay types;
~'are a mechanism to confirm these assumptions. Any significant spot check'

discrepancies will ncessitate more thorough. relay inspections.. <

6.6 0UTLIERS

An outlier is defined as an essential relay which does not meet the '

screening guidelines for: .

. ;

Comparison of relay seismic capacity ti seismic demand as given in *.

Section 6.4 or, t

'Relay mounting as given in Section 6.5..

When an outlier is identified, proceed to,Section 5, Outlier Identification
and Resolution, and document the cause(s) for,not meeting.the screening.
guidelines. The Outlier Seismic Verification Sheet (0SVS), found in' .;
Exhibit 5-1, should be used.
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The conservative screening' criteria given in this section are= intended-for-
use as a generic basis to evaluate the: seismic adequacy of essential: j
relays. Therefore, if an essential relay fails this. generic screen, it mayi '

not'necessarily be deficient-for seismic-loading; however, additional' ,

~

Ievaluations are needed t'o show that it is adequate. Some of the additionali
evaluations and alternative methods' for demonstrating seismic adequacy 'are N
'ummarized below. Daneric methods for resolving outliers are also provided-s

.

in Section 5. ,

i

Refine the seismic screening requirements and/or analyses....

-

' Test-the-relay and/or.the cabinet.in question..
-

Re-design and modify the . circuit to make:the relay function- !.

nonessential. j

Relocate the relay to reduce the seismic demand imposed upon it..

Replace the relay with a seismically qualified one.-.

!~ Stiffen the relay mounting.. 2

Use other-justifiable approaches..

'

6.7 DOCUMENTATION OF RESULTS
i

The relay functionality screening and evaluation' procedure in Refere'nce 8
7

L define's the recommended documentation for plant-specific relay evaluations.
,

This documentation consists of tabulation forms which provide a record of {
the evaluation and includes:- 4

Identification and listing of all safe shutdown equipment for relay. I.

evaluation. q

Identification and listing of all relays 'or groups of relays-which '

.

affect the operation of the . safe shutdown-equipment. The 1

documentation should be sufficiently detailed such that a reviewer can. 1

trace the conclusions reached regarding the effect of relay 1

malfunction on operation of any safe shutdown item of equipment. The-
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relays (including all contact devices)'which are screened out because b!

chatter is acceptable or;by use of the other screening approaches- i

which do not' require. relay-specific- evaluation:do not need to be' !

identified individually. Only the essential __ relays which require ,

relay-specific seismic capacity, evaluation need to be individually;
identified.

Identification of essential relays in switchgear..

Functional screening.results..

Comparison of relay. seismic' capacity to-seismic' demand results.'
~

'
.

,

Identification of cabinets, panels-and other enclosures which' house' !.

essential relays. |
.

.Results of walidown spot checks..

.

- Outliers, if any. ..
17
:. !

Recommended corrective act'.ons. J.

t

i
'

By using the tabulation forms provided with the relay; evaluation procedure,
3

every relay and contact (or group of relays-and contacts when: appropriate) ~-i
,

in the control circuits for a safe- shutdown item of equipment. should be !
identified and referenced to-a plant-drawing providing.traceabil'ity. These:

i

forms also provide for documentation of the conclusion of the evaluation- :
made for each relay and contact or each group'o~f relays and contacts. 4

If any of the essential relays are classified as- outliers, the Outlier !

Seismic Verification Sheet'(OSVS),: found in' Exhibit 5-1, should be; ;

completed to document the cause(s) for not meeting the screening guidelines _
{

described-in this section. ,

i
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Section'7

TANKS AND HEAT ~EXCHANGERS REVIEW l

7.0. INTRODUCTION |

.

This section describes the guidelines which:should be used: for evaluating -|
-

the seismic adequacy of tanks and: heat.exchangers vich are needed for.' safe L

shutdown during and following'a Safe Shutdown Earthquake (SSE) as--
identified in Section 3.

. .
..

The guidelines contained in this section are based on-Reference 26. Note 1

[however, that'to provide. consistency'with the remainder of the GIP'some ofL

thenomenclatureandsymbolsused:inthis-sectionareislightlyfdifferent'- I

than those used in Reference 26.
|
|

_ This section contains the' commitments (Section_7.1), a description of the'
' (q_./ overall evaluation methodology (Section 7.2), the steps for verifying- the

seismic adequa::y of vertical tanks (Section 7.3), the steps for verifying ;

the seismic adequacy of horizontal tanks and heat.exchangers (Section 7.4)',.
a' description of how to treat outliers (Section 7.5),-and a' description.of ]
how to document the results of the evaluations (Section 7.6),

a

| Successful completion of the review described in-this section for large,
flat-bottom, cylindrical vertical tanks, which are needed for.. safe shutdown
or for refueling water storage in PWRs, has been accepted by the NRCLas

L resolving the seismic issues related to these types of' tanks .for Unresolved >
Safety Issue (USI) A-40, Seismic Design Criteria, as it applies to-
operating plants.

c-
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7.1 SQUG COMMITMENTS

!

Members _ of SQUG adopting the Generic Implementation' Procedure for USI A-46.-

'

resolution commit to the following0in regard to the verification 3f seismic ~ j

adequacy of tanks and heat'eschangers::
4

.

. 7.1.1- Scone'of EauiDmed f,

The licensee will evaluate for -seismicTadequacy tanksland ' heat exch' angers
'

~

identified pursuant to Section 3 of;the GIP. ]
| .

. . '!
'

7.1.2 Evaluation Methodoloav

. .
. !

- For' identified tanks and heat exchangers,:the licensee will perform an -
. engineering evaluation which checks for the'. seismic adequacy of: (1) tank- ' 'I,

-wall. stability ~ to prevent buckling (for;1arge vertical ground- or floor -
,

,

L
mounted, flat-bottom tanks only) including the: effects of, hydrodynamic--
loadings and tank wall flexibility; (2) anch'or bolt and embedment ~ strength;. '

(3)-anchorage connection-strength between.the anchor bolts and the shell' of.'

the tank or heat' exchanger;= and (4) flexibility of piping attached to l
~

large, flat-bottom, vertical tanks.
..

7.1.3 Documentation i

!-The licensee will document the tank and heat exchanger evaluations

performed pursuant to this section, including all calculations,
assumotions, and data used to support the evaluations.

i)
!

,
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;

7.2 EVALUATION METHODOLOGY.-

The screening evaluations described-in this 'section for verifying the f'

seismic adequacy of tanks-and heat exchangers* cover those features of tanks
,

and heat exchangers which experience has shown can be vulnerable to-seismis j~

loadings. These evaluations include the.following' features: ]
t

Check that the shell of large, flat-bottom; vertical tanks will not .i.
.

buckle. Loadings on these types of tanks should-include the effects ;

of hydrodynamic loadings and. tank. wall flexibility. 'f-
.

Check that the anchor bolts and their~embedments have adequate /!.-

strength. against breakage and pullout.. j<

Check that the anchorage connection between the anchor bolts andethe- J!.

tank'shell: (e.g., saddles, legs,- chairs, etc.)1have| adequate strength.
' "

Check that the attached ' piping:has adequate flexibility to: accommodate--.

the motion of larae, flat-bottom,E vertical tanks.~ .
.

, ,

.Two' Seismic Capability Engineers :(as definediin Section 2); should review-,
.

these evaluations to verify that they meet the; intent of these. guidelines.
This review should include a field inspection:of the tank, the1 anchorage

~

connections, and the anchor bolt installation against the guidelines- '

described in this section and in Section 4.4 and Appendix C.
1

The derivation and technical justification 'for the' guidelines'in this
'

section were developed specifically for: .(1) large, fin bottom, !

l cylindrical, vertical, storage tanks;'and (2).horizontalicylindricalltanks
'

, s
and heat exchangers with support saddles made of plates. - The| types of.
loadings and analysis methods described-in this section are considered to- .

be appropriate for these types of tanks and heat exchangers; however, a-
generic procedure cannot cover all the possible design variations.
Therefore, it is the responsibility of the Seismic Capability Engineer to-
assess the seismic adequacy of other design features not specifically a

!

!.
'

'

|
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L ' covered in this 'section.: For. example, the guidelines in this sectionL do }
|: not specifically include a check of the stress in the weld connecting.the-

| steel support saddles to the shell= of a horizontal tank 'or heat exchanger -

L since this weld is typically very. strong compared'to other parts of the- .:
! saddle and its anchorage ~. - However, if: the seismic revier team finds- there

-

|- to be.very_ little weld attaching these parts, then this weld should be -

L evaluated for its seismic adequacy.
t,

1

Other _ types of tan.ks and heat exchangers:(e' g., vertical tanks' supported ~~on; ;

skirts and~ structural legs) which areLnot specifically covered by the '

guidelines in this section,- should be evaluated byithe Seismic Capability: |

Engineers using_an approach similar~ to that-described in this-section. f

L Reference 26_ provides. guidelines for evaluating verticalltanks' onclegs _or - !

skirts. Likewise,; the' utility may use existing analyses' which verify the ]
' seismic adequacy of its tanks and heat exchangers in lieu.of the GIP,-

~

provided the Seismic Capability Engineers verify that these other analyses
address the same type of loading as the GIP ~ (e.g.,; hydrodynamic. loading on

_

the flexible wall of. vertical,- flat-bottom tanks, etc.)4 andLthe?same [
failure modes (e.g , shell buckling of: vertical, flat-bottom; tanks, etc.).. '

.

The screening guidelines described Lin this section were developed' to -
simplify the. complex dynamic fluid-structure' interaction analyses: for large'
vertical tanks and to further simplify the equivalent static analysis
procedure for smaller horizontal tanks. To accomplish this, it was .

_

necessary to make certain simplifying assumptions. and tollimit the range' of. l

applicability of the guidelines. Most tanks and heat.exchangers'used<in. H
L the nuclear power industry fall within the restrictionstand range ~ of values :!

1

for which the screening guidelines were developed. .However, forothose-
_|

tanks and. heat exchangers which are not| covered by, or do_not pass the'
.!

screening guidelines, it may be possible to; perform tank-specific ]
evaluations, using the approach described in Reference 26, to verify the j
seismic adequacy of the tank or heat exchanger.

1

1
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The screening ' guidelines described inithis section are b'ased on using 4% '
damped ground or f.loor response spectra. _If 4% damped response spectra are .
not directly available,ithen they may be estima'ted by_. scaling from spectra
at other damping values _ using' the standard technique' described in Section
4.4.3 under the subsection " Equipment Damping."

7.3 VERTICAL. TANKS

,

This section describes: (1).the scope of vertical-tanks:and the range of:
parameters which are covered by the- screening guidelines; (2) the _ analysis-

- procedure for determining .the seismic demand' applied to vertical tanks;' and-

(3) the analysis procedure for determiaing the seismic: capacity of. vertical j
tanks. The evaluations, include the- following:- i

!

Overturning-moment capacity vs.) demand:.

!=Shear load capacity vs. demand. '

Freeboard clearance vs. slosh height.

,- .
"

Anchorage connection capacity vs. demand.

Attached piping flexibility.

7.3.1 Scone of Vertical Tanks

1
|

The type of vertical tanks c. overed by the screening guidelines are large,
cylindrical tanks whose axis of symmetry is vertical and are supported, on
their flat bottoms, directly on a concrete pad or a floor'. A section~
through a typical large vertichl tank is shown in Figure 7-1. (Note: LAll
figures and tables applicable to vertical tanks are grouped together. after
Step 23 at the end of Section,7.3.) The range'of parameters and
assumptions which are applicableMen using the guidelines to evaluate j
large vertical. tanks ara listed in ~ bl e 7 - 1. The nomenclature and symbols ja

used for vertica' tanks are listed ir, Table 7-2.

!
u
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The g'uidelines assume.that the tank shell material is carbon steel (ASTML
A36 or A283 Grade C) ~or stainless steel (ASTM A240 Type-304) or aluminum.' i

-The number of bolts used to anchor down the tank is . assumed to be 8 or more: [
cast-in-place anchor bolts or~J bolts made of: regular-strength or high- |
strength carbon' steel (ASTMPS.or A307 or better material A325). These' |

1
bolts are assumed-to be spaced evenly around the circumference of the; tank, t

These assumptions; and the range of parameters given in' Table 7-1 have' been
selected to cover the majority of vertical . storage tanks in' nuclear power ;

plants. )

i

,7.3.2 . Seismic Demand Acolied to Vertical Tanks. I
i

.The seismic demand applied;to vertical tanks in the screening guidelines :is k
based on using the maximum horizontal component of the ground- or floor &i

'response spectra.- The tank should be evaluated for the condition where ..it

is- filled with fluid to the maximum level to which the tank is filled. !

during operation; this is the'most severe loading condition for typical. |

! tanks at nuclear power plants. Other types.of loads', such as nozzle loa'ds,
''

are not considered in this screening method since they are typically;very .i
! small compared to the tank inertial loads. '

E

..
. a

The horiz :a response of fluid-filled vertical tanks has been' found:to' be j
q reasonat, y represented by. two modes of response. _ ' One'is a ' low' frequency' ;j

mode called the sloshing mode, in which the contained fluid sloshes.within |
the tank. The other is a high frequency mode.wherein the structure and- l
fluid move together, called the impulsive mode. Previously, tank walls ~ :
were assumed to be rigid in determining the response from these two modes. j
More recent work has shown that while the assumption _is appropriate for the -F

sloshing mode, it is not appropriate. for: the' impulsive mode. For large, d
thin-walled tanks, the tank may deform under the' impulsive mode. pressures

and vibrate at frequencies in the amplified response range of earthquake,

motion (2 to 20 Hz). These -screening guidelines account for fluid-
,

structure interaction in the. impulsive. mode.
.
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These hydrodynamic loads on the tank are characterized in the. screening- f
4"idelines in terms of the tank overturning moment-(M) and the base shear j

load (Q). By using certain simplifying assumptions and limiting the range !

of applicability, these loads can be determined using the step-by-step' !
procedure given below.

|
.i
'Sten 1 - Determine the following input data:

Tank Material: '

R (Nominal radius of t snk) (in.) f
f

H' (Height of tank shell) (in.) |
1

t (Minimum shell thickness along the height of the tank shell (H'), !e g
usually at the top of the tank) (in.] i

t, (Minimum thickness of the tank shell in the lowest 10% of the
shell height H') (in.)

o, (Yield :;trength of tank shell material) (psi)
t

h, (Height of shell compression zone at base of tank.- usually :,

height of chair) (in.] '|s

E, (Elastic modulus of tank shell material) _(psi)
f

V, Average shear wave velocity of-soil for tanks located at grade)
(ft/sec) i

Fluid: i

1, (Weight density of fluid in tank) (lbf/in ) !
3

r
H (Height of fluid at the maximum level to which the tank will be

filled) (in.) i

h, (Height of fieeboard above fluid' surface at the maximum level to I
which the tauk will be filled) (in.) ,

,

1
>

!

I

!
|

t
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Jolts:

N (Number of anchor bolts) |
;

d (Diameterofanchorbolt)[in.) '

t
F (Allowable tensile stress of bolt; calculated from loads obtained '

b
from Section 4 and Appendix C) [ psi). ;

h (Effective length of anchor bolt being stretched - usually from- |3
the top of the chair to embeoded anchor plate) _ [in.)

!

E, (Elastic modulus of anchor bolt material) [ psi) t

Loading:

Ground or floor responte spectrum acceleration at 4% damping.
,

'

,

Steo 2 - Calculate the following ratios and values:

H/R !

t,/R
n

{ t, h i i

(Thickness of the tank shell averaged ~over- !t ,, = , ,1 the linear heigh's of the tank shell
H, (H')) (in.) ;

i Where:
;

n --total number of sections of the tank shell.with ;
different thicknesses ;

-

| 1 = counter digit
,

,

t,= thickness of the 1*h sede of W WA Ml'[h]-
,

thh,- height of the i j p gg gg gg

H' - total height of tank shell (in.)

:

Note that . h, = ~ H ' '

.

11

{
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i

t" + t"'"
t,, - (Effective thickness of tank shell [in.). ;

2 -!

!
t,,/R i

!

1
xd'A, - (Crpss-sectional area of embedded anchor bolt) I

4 [in] ;

'|
I

( t' - N A'b (EWvalent shell thickness havingLthe
2nR E. same cross-sectional area as the anchor- !

' bolts) [in.] '' ' '

!
'g'| 'g' :

c' = .ient 'of tank wall. thicknesses and - i

t, h
b, mder stress) f,

!.
W= x R' H 1, (Weight Lf fluid in tank). [1bf)

.
i

Ob Confiru tlut the parameters, values, and ratios determined it. 'hese'first
twc steps are within the ranges given in Table 7-1. If they .re, then the !
procedure given in this section is applicable to the subject vertical tank;. !
proceed to Step 3. If the tank does not meet this guideline, classify the :
tank as an outlier and proceed to Section S, Outlier Identification and i
Resolution. |

Sten 3 - Determine the fluid structur 2 modal frequency for vertical carbon |
steel tanks containing water. !

F, [Hz) (from Table 7-3)
;

by entering Table 7-3 with: *

i

R [in) (from Step 1).

t,,/R (from Step 2)

H/R (from Step 2) !

!

h ij
,

)

. - _ _ _ _ _ _ __ - - . - . .
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|

Alternatively, enter Figure 7 2 with t,,/R and H/R to obtain F',. Then |
compute F,:

'8 33'p , p,
R -

, .

|
Th?S frequency is for carbon steel tanks containing water.- For other tank !
material (stainless steel or aluminum) with modulus of elasticity E, (psi) i

3tnd fluid other than water with weight density 1, (1bf/in ), the frequency !
F, (s, f) may be computed from F,, determined above, as follows.

.

;
.

!
;

0.03n E,
Fr(s ,f) = F.b b 30x10' ;

*

'

Yr
:

1

i

Steo 4 - Determine the spectral acceleration (Sa ) for the fluid structure !g
modal frequency. Inter the horizontal ground or fhur res)onse spectrum '

(the maximum horizontal component) for the surface on whic1 the tank is q-
mounted, with,

!
F, (Hz) (from Step .9 i

and detemine the maximum spectral acceleration: ;.
5

Sa, (g) (from horizontal response spectrum)
:

over the following frequency (F) range:
,

0.8 F, < F < l . 2 F, "

,

| For tanks with concrete pads founded on around,-soil-strutture interaction
(SSI) effects on frequency F , and thus on Sa , must be accounted for if V,

;

is less than 3,500 ft/sec. kheSSIeffectsonfrequencymaybecomp1tedf
,

! explicitly by appropriate methods as discussed in Reference 20, or b.r the
!

1

'

following simplified procedure: )

(a) If frequency F is smaller than the frequency at the peak of the- '

applicable gro,und response spectrum, SSI effects may be ignored. i

(b) If frequency F is larger than-the peak frequency of the spectrum,
then use the p,eak spectrum value for_sa,. ,

.
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'

Steo 5 - Determine the base shear load (Q). Enter Figure 7-3 with: I

H/R (fromStep2) !

:

t,,/R (from Step 2) :

and determine the base shear load coefficient:

Q'- (fromFigure7-3)
.

Compute the shear load at the base of the tank:
,

Q = Q' W St, [1bf]
'

,

i

itap_.1 - Determine the base overturning moment (M). . Enter Figure 7-4 with:- ,

H/R (from Step 2)

t,,/R (from Step 2) '{
!

and determine the base overturning moment coefficient: f

C
M' (from Figure 7-4),

!
Compute the overturning moment at the base of the tank:;

M = M' W H Sa, [in-lbf]

This completes the determination of the seismic demand applied to'a
'

!

*vertical tank.

7.3.3 Overturnina Moment Caoacity '

The seismic capacity of the tank shell and its anchorage to resist the f
overturning moment (M) is determined below. The overturning moment is [
resisted by compression in .the tank wall and tension in the anchor bolts.

'

The overturning moment capacity is thus controlled by shell buckling on one
side and anchor bolt capacity on the other side. ,'

.
,
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,

The anchor bolt capacity is determined by the procedure given in Section 4 |
and AppendM C for cast-in place bolts or J-bolts and ~is taken as tne bolt !

. yield capacity. The analysis procedure described below calculates the ',
,

capacity of the shell to withstand buckling assuming the anchor bolts
stretch inelastically. The assumption of allowing the anchor bolts to f
stretch inelastically is used in these screening guidelines to distribute i

the overturning moment more evenly among several anchor bolts. . Note,
however, that the anchor bolt load using this allowable'is subject to [
verification that there is adequate strength in the bolt chair and its t

connection to the shell; this is evaluated in Section 7.3.6. If it is.

determined that the bolt connection has lower capacity than that determined
for the bolt itself, than this lower. capacity must be used. It must also '

be determined whether the failure mode governing the connection capacity is ,

ductile or brittle. For brittle failure mode, the moment capacity is !
determined without allowing inelastic stretching (yielding) of the bolt. |.

!
The compressive axial buckling stress capacity of the tank shell is most
likely limited by the " elephant-foot" buchling mode near the base of the !
tank wall. Another possible buckling mode for vertical tanks is the :
" diamond shape" buckling mode. Both of these buckling modes are dependent ;

upon the hydrodynamic and hydrostatic pressure acting at the base of=the I

tank which is determined below: .

,

'

Steo 7 - Determine the fluid pressure for elephant-foot buckling (P,) by
entering Figure 7-5 with:

.

'

Sa (g) (from Step 4)g

H/R (from Step 2) f
:

and determine the pressure coefficient for elephant-foot buckling of the
tank: '

P,' (from Figure 7-5)
,

i
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i
i

('v) Compute the fluid pressure at the base of the vertical tank for elephant- !
,

foot buckling: '

| P, = P,' 7, R [ psi) f
| ' ;

i
'

Steo 8 - Determine the elephant foot buckling stress capacity factor :

i

o, [ksi) -(fromFigure7-6)
,

by entering Figure 7-6 with:

i P, [ psi) (fromStep7) !
1

t,/R (from Step 2) |

|

convert o, into units of psi by multiplying by 1000. !,
,

This value of a
following formuYa:is for

.:rbon steel. For other material, use the
.

'

i

O 1
h

'

I
~ '

O . 6 E, P,R '
t 1- St+Oy /36,000 psi-

{ psi)
'

o" = 1- 1.12 + S ,3 S+1 ;
3

! 3(R /t,) o,t, . . . j

where:
'

;

R !

"
! 400 t, j

yield strength of tank sheil material (psi)o =
y

,

E, elasticity modulus of tank shell material [ psi)-

t, minimum thickness of tank shell in the lowest 10% of-

the shell height (H') (in.) i

)
|
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R nominal radius e ? tank (in.)=

i

P, fluid pressure at the base of tank for elephant-foot=
' buckling of tank sbil [ psi) -

4

Sten 9 - Determine the fluid pressure for diamond-shape buckling (P ) by a
dentering Figure 7-7 with: }

f
Sa (g) (fromStep4)r

H/R (from Step 2) !
:

and determine the pressure coefficient for diamond-shape buckling of the i
tank:

P' (from Figure 7-7) !d

Compute the fluid pressure at the base of the vertical tank for diamond- !
shape buckling: '

P, P'TR [ psi)=
d - f

Sten 10 - Determine the diamond shape buckling stress capacity factor: e

o (ksi) (from Figure 7-8) ipd

by entering Figure 7-8 with:

P (psi] (from Step 9); d
'

. t,/R (fromStep2).'

Convert o into units of psi by multiplying by 1000.pd

:

' This value of a'l,a:is for cat bon steel. For other material' use the !
,

following formu

E*

nd = (0.67 + A7) R /t,
;a
>

.
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i

where: !

7 = 1 - 0.73(1 e'') |
5

t

!

YB k |
# ~

.i
!

E, elastic modulus of tank shell material [ psi) '-

'

R = nt,..inal- radius of tank [in.]
;

minimum thickness of tank shell in the lowest 10% of the lt* -

shell- height- (H') [in.) . !

increase factor for internal pressure given in Figure 7_-9.- jA7 =
-

Steo 11 - Select the allowable buckling stress, o,, as 90% of the lower '

va!ue of o , or o,3: -p

i

o, = 0.9 x min (o ,, o ) [ psi)
|'

O
p pd

Steo 12 - Determine bolt tensile load capacity, P,C.(1bf),'perguidelines. |V
for cast-in-place bolts in Section 4 and Appendix This value should
reflect any effects of less than minimum embedment, spacing,. and edge

- ;
'

distance as well as concrete cracking as detailed in Section 4 and j
Appendix C. The bolt capacities from Section 4 and Appendix C are based on ;

the weak link being the anchor bolt rather than the concrete such that the i
postulated failure mode is deli.lg. Compute the allowable' bolt stress, F -

b '(psi): i

P

P"
F, [ psi)=

Ab :
i

where: ;
'

P, bolt tensile load capacity [1bf) (fromSection4,=

AppendixC)

A = cross-sectional area of embedded anchor bolt [in') .3
(fromStep2) |

.
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If the Section 4 and Appendix C criteria are not met for the anchorage,
then the concrete is considered the weak link in the load path and the
postulated failure mode is brittle. Determine an appropriate reduced
allowable anchor bolt stress (F,) per applicable code requirements or,
alternately, classify the tank as an outlier and proceed to Section 5,
Outlier Identification and Resolution after completing all the evalue' .cas
in this section.

Stoo 13 - The overturning moment capacity, M , is dependen'. upon whether
the postulated weak link failure mode is ducYfle or brittits. Determining.
the weak link in the load path is an iterative process. If the weak link
is from ductile stretching or bending, e.g., anchor bolt stretching (Step
12), chair top plate bending (Step 19), or tank shell bending (Step 20),
then go to Step (a).below for ductile failure mode. If. the weak link is
from shearing, e.g., concrete cone failure (Step 12), chair stiffener
plates (Step 21) or chair-to-tank wall welds (Step 22), then go to Step
(b) below for brittle failure mode.

After determining the base overturning moment coefficient (M','8v)erturningfrom-
either Step (a) or ~(b), then go to Step (c) and calculate the
moment capacity of the tank (M',,,).

_

(a) If the anchorage (or load path) fails in ductile manner, then enter
Figure 7-10 with:

c' [dimensionless) (fromStep2)

o, [ psi) (from Steo 11)

F sn. aller' of. F (from Step 12)=
b

or F, (from Iteps 19 or 20) -[ psi)
. ,

h, [in] (from Step 1)=
_

h [in] (fromStep1)=
3

and determine the base overturning moment coefficient for. ductile
failure: ;

M ' ,,, [climensionless) . (from Figure 7-10).

Go to Step (c) below'.
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(b) If the anchorage or load path fails in a brittle manner, then enter !'Table 7-4 with:
i

c' [dimensionless) (fromStep2) |

and determine the base overturning moment coefficient for the
elastic limit: . !

,

M ' ,,, (dimensionless)- (from Table-7-4) |

iGo to' Step (c) below.
!

l

| (c) Ccmpute M,,,: >

(M',,,) (2F ) bs) (h/h ) iM,,, -
b e

i

using: ;!
t,

| M ' ,,, (dimensionless) (fromStep13(a)or13(b)) ,;
,

F smaller of F or F, (from Steps' 12, 19, 20, 21, or !-
b b

22) (psi)

[in.] (from Step 1)R =

[in.] (from Step 1).
,,

t, --
-

I '

h, [in.) (from Step 1)=

h, [in.] (fromStep1)=

Sten 14 - Compare the overturning moment capacit.y of the tank 'A,''. from
Step 13) with the overturning moment (M, from Step 6). If

' .

H 2M| eap

then the tank is adequate for this loading; procuo to Step 15. 'If the,

' tank does not meet this guideline, classify the tank as an outlier and
proceed to Section 5, Outlier.ldentification and Resolutior,, after ~

,

completing the remainder of the evaluations in this section.
,
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7.3.4 Shear Load Canacity

The seismic capacity of the tank to resist the shear load (Q) is determined
below. The shear load is assumed to be resisted by sliding friction ;

between the tank base plate and the supporting foundation material. The |
base shear load capacity is therefore,a function of the friction
coefficient and the pressure on the base plate. A friction coefficient of ,

0.55 is used in the screening guidelines. The pressure on the. base plate f
'is made up of hydrostatic pressure from the weight of the contained fluid

less the hydrodynamic pressure from the vertical component of the
;

earthquake. The hydrodynamic pressure from the horizontal component (from-
overturning moment) of the earthquake.is ignored since its net or average- i

pressure distribution over the entire base plate is zero. The weight of-
the tank shell is conservatively neglected ;

I

iteo 15 - Compute the base shear load capacity of the tanki ?

Q,,, = 0.55 (1 - 0.21 Sa ) Wg

c

S,, [g] (from Step 4)
1

W [1bf) (fron Step 2)

Steo 16 - Compare the base shear load capWty of the tank (Q,,,, from Step
15) with the shear load (Q, from Step 5' If. ,

I

| Q ., 2 Qe

! then the tank is adequate for this loading; proceed to Step 17. If the
tank does not meet this guideline, classify the tank as an outlier and'
proceed to Section 5, Outlier Identification and Resolution, after -

completing the remainder of' the evaluations in this section.-

This procedure assumes that no shear load is carried by ths anchor bolts.
Note that this assumption is theoretically valid only if there is a slight,

|

| gap between the hole in the tank base and the anchor bolt; this is usually I
J the case,

l

1
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/ 7.3.5 Freeboard Clearance
,

The scree.h.g 'uidelines'describcd above are based on the assuigtion that fthere is enough treeboard cle rance available between the liquid surface
and the tank roof such thht the tank roof is not subjected to significant

,

Iforces from sloshing liquid. The procedure given below simply. compares the'
freeboard clearance to the alosh height; this is considered to be

|
conservative since it allows no contact of the fluid with the tank roof.

i

Sten 17 - Determine the slosh height by entering Table 7-5 with:. ;

H/R (fromStep2)
|

R [in.] (from Step 1) '

and determine the slosh height of the fluid in the tank for a ZPA of Ig at
the base of the tank:

k

h', [in.] -(from Table 7-5)

Compute the slosh height of the fluid in the tank for the ZPA of the ground ',

\ or floor on which the tank is mounted:

h, - h', ZPA

using: ;

h', [in.] (fromabove) . :

ZPA [g] (from horizontal response spectrum) [
,

Steo 18 - Determine the available freeboard above the fluid surface at the
maximum level to which the tank will be filled (h , in.). - if

For conical tank roofs, measure the freeboard from the fluid surface to the
intersection of tha wall and the roof (a distance R from the tank -

centerline).
.

For tanks with a domed roof, measure the freeboard from the fluid surface ;

to the point where the roof surface is at a distance of 0.9R from the tank '

centerline.
.
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Compare the available freeboard (h,) to the slosh height of. the fluid (h,,
from Step 17). If

h,1 h,

then the tank is adequate for this condition; proceed to Step 19. If the
tank does not meet-this guideline, classify the tank as an outlier and
proceed to Section 5. Outlier Identification and Resolution, after
completing the remainder of the aluations in this section.

7.3.6 Anchoraae Connection Canacity

In the procedure presented above for determining overturning moment
capacity of vertical tanks,-it is assumed that the anchorage connection-
details are adequate for the bolt to develop its yield _ capacity in tension,-
and subsequently deform in a ductile manner. For this type of ductile'
behavior to occur, it should be possible to transfer loads at least equal
to the anchor bolt allowable capacity to the tank wall local to the anchor
bolts, the connection between the tank wall and the anchor bolt chair, and -
the anchor bolt chair itself.

O
The purpose of this check is to determine if the capacity of'the load pat'h
is greater than the tensile capacity, P,, of the anchor bolt The.

evaluation guidelines given in this section which primarily uses the design
guidelines developed by the America' 'ron and Steel Institute _(Reference
27)aretakenfromReference26. F are 7-11 shows a typical detail of a

,

vertical tank anchor bolt chair. The chair includes two vertical stiffener {
plates welded to the tank wall. A top plate, through which. the bolt
passes, transfers loads from the bolt to the stiffeners which, in turn,.
transfer the loads into the tank wall. Figure 7-12 depicts two other less
commonly-used anchor chair details. The detail shown in Figure'7-12(b) is |

an example of a poor anchorage connection design and is unlikely to satisfy
,

1the strength criteria for the connection. The procedure for checking the !

capacities of the various components of the anchorage connection is.given
below. This procedure applies to the typical chair assembly shown in
Figure 7-11. A similar approach can % used for other types of anchor bolt

7-20 i
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chairs; however, the tank wall stress equation given below in Step 22 is f
only applicable for the type of chair assembly shown in Figure 7-11. i

|
t

if each of the anchorage connection component' meets the acceptance

criteria defined below, then the anchorage of the tanks is controlled by I
the ductile bolts, and the assumptions used in the tank overturning momer.t- {
capacity procedure in Section'7.3.3 are valid. If, however, any of the !

components does not meet these guidelines, the anchor bolt tension ~ capacity {
used in the procedure for determining tank anchorage overturning moment !

capacity (M,,p) should be recalculated (in Section 7.3.3), using the {
reduced, equivalent value of anchor bolt allowable stress (F,) based on the f

weak link capacity. Note that, if the failure mode of the weak link is i

nonductile, the procedure for computing M,,, (in Section 7.3.3) is slightly {
different. Typically, plate or weld shear failure is considered
nonductile, while tension yielding of the bolt or plastic bending failure |
is considered ductile. !

!

The procedure given below, Steps 19 through 22, is for carbon steel'
material (for tanks, connection elements.and bolts), and is based on-
allowable stresses (adjusted for SSE loading) per AISC specifiestions. -

Adjustments should be made for other materialisuch as stainless steel.and i

aluminum for the allowable stress per applicable codes.

Steo 19 - Too Plate. The top plate transfers the anchor. bolt lo6d to the
vertical stiffeners and the tank' wall. The critical stress in the top
plate occurs between the bolt hole and the free edge of.the plate (the area iidentified by dimension f in Figure 7-11). This bending stress is
estimated using the following equation. Note that if the top plate '

projects radially beyond the vertical plates, no.more than 1/2 inch'of this
projecting plate can be included in the dimension f used_ in the following
equation. The maximum bending stress in the top plate is:

(0.375g - 0.22d) P, f

a= [ psi]
rfc ,

r
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The top plate is adequate if the following guideline is satisfied: |
:

o < f,
;

If the top plate does not meet this guideline, it is considered to fail.in I
a ductile manner; therefore a load reduction factor.

.

,

I

f, i

|*
.

I

should be computed and multiplied by the anchor bolt allowable tensile
,

stress (F )3
,
,

. , ,

f !

F, = F 1 IPSilb :*
|f

. .

This reduced allowable anchor bolt stress should then be used to re-compute >

the overturning moment capacity in Section 7.3.3.
!

Steo 20 - Tank Shell Stress. The anchor bolt load's are transferred into i
the tank shell as a combination of direct vertical load:and out-of-plane
bending moment (due to the ecce.. cicity between the bolt centerlir.e and the i

tank wall). A check of shell stresses is considered necessary=only for.
large, flat-bottom, vertical storage tanks because of past experience with

,

such tanks in earthquakes.
.

The maximum bending stress in the tank shell is:

;

P
'

o =
,e 1.32 2 -0.031

\ +

| t,' 1,43 a he
+ (4 a h )o,333 /R t, [ psi)

.

8

| R t, '

| i

.

!
'
,
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i

where:

!

i

.0Z= ;
~

0.177 a t, tb
+ 1. 0-

t,/Rt, , ,

i

The tank shell is adequate if the following guideline is satisfied:

o < f,

If the tank shell does not meet this guideline, it is considered ta fail in :
a ductile manner; therefore a load reduc lon factor:

.

i

fy.

a - i

fO should be computed and multiplied by the anchor boit allowable tensile '

|
| stress (F ). !3
: .

4

P 1

f

F, = F 2 [ psi)b
0

,. .

This reduced allowable anchor bolt stress should then be used to re-compute (the overturning moment capacity in Section 7.3.3.
. !

'

!

Steo 21 -- Vertical Stiffener Plates. 'The vertical- stiffener plates are
considered adequate for shear stress, buckling, and compressive stress if
the following three guidelines are satisfiedi .

-

j

'

k 95 :-<

| \y

;

1
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L j > 0.04 (h - c) and j > 0.5 in,e

P"i

e < 21,000 psi
.

2kj '

If the vertical stiffener plates do not; meet these guidelines, then the
anchorage will fail in a nonductile manner before the anchor bolts will
yield. Determine an appropriate reduced allowable anchor bolt stress (F
per applicable code requirements, and re-compute the overturning moment ,)
capacity in Section 7.3.3. Alternately, classify the tank as an outlier '

and proceed to Section 5, Outlier Identification and Resolution, after ,

completing the remainder of the evaluations in this section.
i

Sten 22 - Chair-to-Tank Wall Weld. The load per linear inch of weld .

between the anchor bolt chair (i.e., the top plate plus the vertical '

stiffener plates) and the tank wall .is determined from the following' !

equation for an inverted V-weld pattern of uniform thickness:

,

2 ' 2'
1 ,

y" , p" h ._a+ 2 h. . a h + 0.667 h8 i

.

,

The weld is adequate if the following guideline is satisfied: '

1

30,6000 t"
W, s

Jg

where 30,600 psi in the above equation is the allowable weld strength. '

If the chair-to-tank wall weld does , meet this guideline, then the |anchorage will fail in a nonductile manner before the anchor bolts will
yield. Determine an appropriate reduced allowable anchor bolt stress (F
per applicable code requirements, and re-compute the overturning moment ,)
capacity.in Section 7.3.3, Alternately . classify the tank as an outlier -

and proceed to Section 5, Outlier' Identification and Resolutio.1, after
completing the remainder of the evaluations in this section.

t
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i

This completes the evaluation of the anchorage connection capacity for
|L vertical tanks. !

i

f
7.3.7 Attached Pinino Flexibility

|
' For evaluation of large, flat-bottom, cylindrical, vertical tanks, the f
; loads imposed on the tank due to the inertial respcase of attached piping '

can be neglected. It is considered that these piping loads have very !

little effect on the loads applied to the anchorage of large, flat-bottom i

tanks compared to the large hydrodynamic inertial loads from the tank and !

its contents. However, the relative motion between the tank and the piping !
| presents a potential failure mode for the attached piping which could }

result in rapid loss of the tank's contents. This has occurred under I
certain circumstances in past earthquakes. Therefore this concern is [

; addressed by requiring adequate flex 1bility in the piping tystem to f
accommodate tank motion as described below:

O- Steo 23 - Flexibility of Attached Pioina. .The Seismic Review Team should !
be aware that the analytical evaluation method for vertical tanks. allows !
for a limited amount of base anchoragc P-het.ic behavior.- This, in turn, .

means that there may be a very slight uplift of the tank during seismic |
motion. When performing in-plant evaluations of tank anchorage, the . -

Seismic Review Team should assess attached piping near the base of the tank
to ensure that the piping has adequate flexibility to accommodate any - :anticipated tank motion. Near the top of the tank, there will be !

l considerably more motion and any attached piping should have substantial i
flexibility.

;

This completes the seismic evaluation for vertical tanks.
!

L
.|

.
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Table 7-1
APPLICABLE RANGE OF PARAMETERS AND

ASSUMPTIONS-FOR VERTICAL TANKS

!Tank Material Carbon or Stainless
steel, Aluminum

Tank Fluid Content Water or similar

Nominal Radius of Tank R 5 to 35 ft.=-

-(60to420in.)
Height of Tank Shell H' 10 to 80 ft.=

(120 to 960 in.)
Height of Fluid at the Maximum H =. 10 to 80 ft.
Level to Which the Tank Will be Filled (120 to 960 in.)

Minimum Thickness of the Tank Shell t 3/16 to 1 in,=

in the Lowest 10% of the Shell Height-(H') ,

Effective Thickness of Tank Shell Based t 3/16 to 1 in,-

on the Mean of the Average Thickness (to) g
and the Minimum Thickness (t )

2Diameter of Anchor Bolt d 1/2 to 2 in.=

3Number of Anchor Bolts N 8 or more=

Tank Wall Thickness (at Base) to-Tank t,/R 0.001 to 0.01=

Radius Ratio

Effective Tank Wall Thicknes;.-to-Tank t /R 0.001 to 0.01=g
Radius Ratio

Fluid Height-to-Tank Radius Ratio H/R 1.0 to 5.0=

Assumotions:

1 The tank material is assumed to be carbon steel (ASTM A36 or A283 Grade
C), stainless steel (ASTM A240 Type 304), aluminum, or better material.

2 .Wchor bolts are assumed to be cast-in-place or J-bolts and made of
regular-strength or high-strength carbon steel (ASTM A36 or A307 or
better material A325).

3 Anchor bolts are assumed to be evenly spaced around the circumference of
the tank.

7-26

1

'|



,

;

R3visitn 2
!

,

Table 7-2

NOMENCLATURE USED FOR VERTICAL TANKS >

;

Symbol Description IUnitsi
s

Cross-sectional area of embedded anchor bolt [in.2) {A, -

Width of chair top plate parallel to shella -

(see Figure 7-11) [in.] ' i

b Depth of chair top plate perpendicular to shell--

(see Figure 7.-11) [in.)

Thickness of. chair top plate' (see Figure 7-11) .[in.)c -

c' Coefficient of tank wall thicknesses and lengths under
~

-

stress (dimensionless) *

d Diameter of anchor bolt (in.]-

E, Elastic modulus of tant shell material [ psi)-

| E3 Elastic modulus of anchor bolt material- [ psi)-

Eccentricity of anchor bolt with respect to shell outside surfacee -

' (see Figure 7-11) [in.]

F Frequency [Hz)-

Fb Allowable tensile stress of bolt [ psi) '-

F, Frequency of fluid-structure interaction mode [Hz)-

F, Reduced allowable tensile stress of bolt [ psi]-

f Distance from outside edge of chair top plate' to edge of hole
.

-

(see Figure 7-11) [in.]

f Minimum specified yield strength of shell, chair, saddle, or base
-,

-

# plate. material [ psi]
t

9 Distance between vertical plates of chair
1

-

(see Figure 7-11) [in.] '

H Height of fluid at the maximum level to which the tank'will be-

t:11ed (see Figure 7-1) [in.] '

H' - Height nf tank shell (see Figure 7-1) [in.] *
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Table 7-2 (Continued) !

NORENCLATV';E USED FOR VERTICAL TANKS !

!
Symbol Descriotion IUnitsl l

i

Height of chair (see Figure 7-11) (in.)
|

h -

Ih Effective length of anchor bolt being stretched =Iusually from top-
3'

of chair to embedded anchor plate) (see Figure 7-1) (in.)
,

>

h, lieight of shell compression zone at base of tank (usually height-

of chair) (see Figure 7-1). (in.) .
,

h, Height of freeboard above fluid surf ace at the maximum level to-
;

which the tank will be filled (see Figure.7 1) (in.] :
'

h, Slosh height of fluid in tank (in.) |
-

h,' Slosh height of fluid for a ZPA of Ig applied at tank base (in.) ;-

Thickness of chair vertical plate (see Figure 7-11) (in.) {
j -

I

hidth of chair vertical plate (see Figure-7-11). Use average !k -

width for tapered plates [in.).O ;
i

M Overturning moment at base of tank (in-lbfj-

1

M' Base overturning moment coefficient (dimensionless)-

i
M,,, Overturning moment capacity of tank (in-lbf)-

.

M ' ,,, - Base overturning moment capacity coefficient (dimensionless)

Numberofanchorbolts(dimensionless) !N -

P, Fluid pressure at base of tank for elephant-foot buckling of tank ;
-

shell (psi]
i

P,' Pressure coefficient for elephant-foot buckling-(dimens ionless) !
'

-

P Fluid pressure at base of tank for diamond-shape buckling cf tank-

d ;shell (psi) -

.

P' Pressure coefficient for diamond-shape buckling (dimensionless)-

d
,

i

;
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Table 7-2 (Continued)

NOMENCLATURE USED FOR VERTICAL ' TANKS ;

d

)Symbol Description IUnitsl

1

Allowable tensile load of anchor bolt (lbf] lP, -

Q Shear load at base of tank [lbf]-

'

Q' Base shear load coefficient (dimensionless)-

'

Q,,, Base shear load capacity of tank [lbf]-

R Nominal radius of tank (in.] (see Figure 7-1)' -
;

Least radius of gyration of vertical stiffener plate cross-r -
;

sectional area about a centroidal axis (in.] ,

,

R
S Coefficient of tank radius to shell thickness-

(dimensionless] 400 t,
,

Spectral acceleration of ground or floor (g) f
Sa -

Sa g Spectral acceleration of the ground or floor'on which the tank is-

mounted at the frequency of the fluid-structure interaction mode
(F ) (g)

f

Thickness of the tank shell averaged over the linear height oft,y
"

-

the tank shell (H') (in.]

b Thickness of bottom or base plate of tank (see Figure 7-11).-(in.]t -

>

t'' Effective thickness of tank shell based on the mean of the-

average thickness- (t.,) and the minimum thickness.(t ,) (in.]y

t, Minimum shell thickness anywhere along the height of the tank "-g
shell (H'), usually at the- top of the tank (in.]- *

t* Minimum thickness of the tank shell in the lowest 10% of the-

shell height (H') (in.]
'

Thickness of leg of weld (in.]t, -

,

<

,
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Table 7-2 (Continued)

| NOMENCLATURE USED FOR VERTICAL TANKS !

| i

|'
i

Symbol Description fUnits1,.

Equivalent shell thickness having the same cross-sectional areat' --
.

as the anchor bolts [in.) i
.

Average shear wave velocity of soil for tanks founded at grade {V, -

| [ft/sec)
| i

W Weight of fluid contained in tank (1bf)-

W Weight of tank without fluid (1bf)-

i

W Average shear load on weld connecting anchor bolt chair to tank-
,

shell per unit length of weld. (i.e., total shear load on chair ;

divided by total length of chair /shell weld) [1bf/in. of weld) !

Z Tank shell stress reduction factor (dimensionless)-

Zero period acceleration (g) $ZPA -

:
B Percentage damping (%)-

.

7
'

Coefficient (1 - 0.73 (1 - e'#)) (dimensionless) ;-

37, Weight density of fluid in tank (1bf/in ]'.-

Ay Increase factor for internal pressure; given in Figura 7-9-

Stress at a point (psi)o -

'

o, Stress at which shell buckles (psi)-

\

Stress at which shell buckles in elephant-foot pattern (psi)o - '

g ;

^

g Stress at which shell buckles in diamond-shape pattern (psi)o -

Yield strength of tank shell material (psi)o -

y

!
'

'

:

+
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Table 7-3

FLUID-STRUCTURE IMPULSIVE MODE FREQUENCIES (F , Hz)-
FORVERTICALCARBONSTEELTANKSCONTAININGdATER

(Source: Reference 26, Table 2.2)

TANK RADIUS (R. in.)

}]/3 (/3 .__fQ_ 129_. 180 240 300- . HQ_ _RQ_

l.0 0.001 46.7 23.3 15.6 11.7 9.3 7.8 6.7
1.0 0.002 65.2 32.6 21.7 16.3 13.0 10.9 9.3
1.0 0.003 79.3 39.7 '26.4 19.8 15.9- 13 2 11.3
1.0 0.004 91.2 45.6 30.4 22.8 18.2 15.2 13.0
1.0 0.005 101.6 50.8 33.9 25.4 20.3 16.9- 14.5
1.0 0.007 119.5 59,7 39.8 29.9 23.9 19.9 17.1
1.0 0.010 142.0 71.0 47.3 35.5 28.4 23.7. 20.3

1.5 0.001 32.2 16.1 10.7 8.0 6.4- 5.4 4.6
1.5 0.002 45.1 22.6 15.0 11.3 9.0 7.5 6.4-
1.5 0.003 55.0 27.5 18.3 '13.7 11.0 9.2 7.9
1.5 0.004 63.3 31.6 21.1 15.8 12.7 10.5 9.0
1.5 0.005 70.6 35.3 23.5 17.6- 14.1 11.8 10.1
1.5 0.007 83.2 41.6 27.7 20.8 16.6 13.9 11.9 11.5 0.010 99.0 49.5 33.0 24.7 19.8 .16.5 14.1 !

2.0 0.001 23.6 11.8 7.9 5.9 4.7 3.9 3.4
2.0 0.00' 33.0 16.5 11.0 8.2 6.6 5.5 4.7-
2.0 0.004 40.1 20.1 13.4 10.0 8.0- 6.7 5.7
2.0 0.004 46.1 23.1 15.4 11.5 9.2 7.7 6.6
2.0 0.005 51.4 25.7 17.1 12.8 10.3 8.6- 7.3
2.0 0.007 60.5 30.2 20.2 15.1 12.1 '10.1 8.6
2.0 0.010 71.8 35.9 23.9 18.0 14.4 12.0' 10.3

2.5 0.001 17.8 8.9 5.9 4.5 '3.5 '3.0 2.5
2.5 0.002 25.0 12.5 8.3 6.2 5.0 4.2 3.6' 1

2.5 0.003 30.4 15.2 10.1 7.6 6.1 5.1 4.3
2.5 0.004 35.0 17.5 :11.7 8.7 7.0 5.8 5.0
2.5 0.005 39.0 19.5- 13.0 9.7 7.8 6.5 5.6 -!
2.5 0.007 45.9 23.0 15.3 11.5 9.2 '7.7 6.6 !2.5 0.010 54.6 27.3 18.2- 13.7 -10.9 9.1 7.8

-

3.0 0.001 13.9 7.0 4.6 3.5 2.8 2.3 2.0 ;

3.0 0.002 19.5 9.7 6.5 5.9 3 . 9 -- 3.2- -2.8
3.0 0.003 23.7 11.8 7.9 4.9 4.7' 3.9 3.43.0 0.004 27.2 13.6 9.1 6.8 5.4 4.5L 3.913.0 0.005 30.3 15.1 10.1 7.6 6.1 5.0 4.33.0 0.007 35.6 17.8 11.9 8.9 7 .1 - 5.9 5.13.0 0.010 42.2 21.1 14.1 10.6 8.4 7.0 6.0
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Table 7-3 (Continued)

FLUID-STRUCTURE IMPULSIVE MODE FREQUENCIES (F . H2) = |

FORVERTICALCARBONSTEELTANKSCONTAININGdATER |
i

(Source: Reference 26, Tabie 2.2) i

fTANK RADIUS (R. in.)-

B/_8 (/.B __6L 120 lBL 240 300 15L 122

3.5 0.001 11.2 5.6 3.7 2.8 2.2 1.9 1.6
' 3.5 0.002 15.5 7.8 5.2 3.9 3.1- 2.6 2.2

3.5 0.003 18.8 9.4' 6.3 4.7 3.8' 3.1. 2.7 ;

3;5 0.004 21.6- 10.8 7.2 5.4 4.3 -3.6 3.1 :
3.5 0.005 24.0 12.0 8.0 '6.0 4.8 4.0 3.4 !
3.5 0.007 28.2 14.1 9.4 7.0 5.6 4.7 4.0
3.5 0.010 33.4 16.7 11.1 8.3 6.7 5.6 4.8-

4.0 0.001 9.1- 4.6 3.0 2.3 1.8' l.5 1.3
4.0 0.002 12.6 6.3 4.2 3.2' 2.5- 2.1 1.8
4.0 0.003 15.2 7.6 5.1- 3.8 3.0 2.5 2.2
4.0 0.004 17.4 8.7 5.8 4.4 3.5' 2.9 2.5
4.0 0.005 19.3 9.7 6.4 4.8 3.9 3.2 2.8
4.0 0.007 22.6 11.3 7.5 5.7 4.5 3.8 3.2
4.0 0.010 26.7 13.4 8.9- 6.7 5.3 .4. 5 3.8

| 4.5 0.001 7.5 3.8 2.5~ 'l .9 1.5- 1.3 1.1
4.3 0.002 10.3 5.2 3.4 2.6 2 '.1 1.7 1.5:
4.5 0.003 12.4 6.2 4.1 3.1 2.5 2.1 1.8
4.5 0.004 14.2 7.1 4.7 3.5 2.8 2.4 2.0
4.5 0.005 15.7 7.9 5.2 3.9 3.1 2.6 2.2
4.5 0.007 18.3 9.2 6.1 4.6 3.7! 3.1 2.6
4.5 0.010 21.6 10.8 7.2 5.4 4.3 3.6 3.1 -

.

5.0 0.001 6.2 3.1 2.1 1.6 1.2 1.0 0.9
5.0 0.002 8.5 4.2 2.8 2.1 1.7 1.4 1.2

! 5.0 0.003 10.2 5.1 3.4 2.5' 2.0 1.7 l'. 5
5.0 0.004 11.6 5.8 3.9 2.9 2.3 1.9. 1.7
5.0 0.005 12.8 6.4 4.3 3.2 26 2.1- 1.8
5.0 0.007 14.9 7.4 5.0 3.7 3.0 2.5 2.1-
5.0 0.010 17.5 8.7 5.8 4.4 3.5 2.9 2.5
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Table 7-4

' RASE OVERTURNING M0hENT CAPACITY ELASTIC LIMIT VALUES

(Source: Reference 26, Table 2.5)

'a ' 'h,'c

C' b, M ' g,p ..,

0.01 0.052' O.0231

0.02 0.081- 0.0454
0.05 0.147 0.1092
0.10 0.230, 0.2087 i

0.15 0.300 0.3045
0.20 0.358 0.3932
0.40 0.560 -0.7271

-

,

.

-

<

!

: t

i
!
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Table 7-5 i

i

SLOSH HEIGHT OF WATER (h' in.) IN :
VERTICALTANKSFORIGLATERA[, ACCELERATION i

f
(Source: Adapted from Reference 26, Table 2.7)

I

r
'

TANK RADIUS (R. in.)_.
,

llL8 k9- 129 169 L49 M. 3k2 M i
i

1.0 39.0 60.2 78.7 95.5 111.5. 126.7 141.4 j

1.5 39.6 61.2 79.8 96.8 112.9 128.3 143.2 |

2.0 39.7 61.3 79.9 97.1 113.2 128.5 143.4- .j

j2.5 39.7 61.3 80.0 97.1 113.2 128.6 143.4
3.0 39.7 61.3 80.0 97.1 113.2 128.6 143.4

.

3.5 39.7 61.3 80.0 97.1 113.2- 128.6 143.4
4.0 39.7 61.3 80.0 97.1 113.2 128.6 143.4
4.5 39.7 61.3 80.0 .97.1 113.2' 128.6- 143.4 >

5.0 39.7 61.3 80.0 97.1 113.2 128.6 .143.4O a
i
;

I

l

l +

.

1

I

I

!

t

i
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(Source: kbference 26, Figure 2.1)
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L(D 7.4 HORIZONTAL TANKS'
'V i

This section describes (1). the scope' of- horizontal tanks and. heat exchangers ;

and range of parameters which are covered.by the screening guidelines:and (2)- j
ithe analysis procedure for determining.the seismic demand on, and the:. seismic ~-

,

capacity of horizontal tanks and-heat exchangers including their! supports and.' l
anchorages,

7.4.I' Scone of Horizor tal Tanks
-.

'
a

The. types ~ of tanks covered by the screening guidelines in this'section are

cylindrical steel tanks and heat exchangers whose- axes of symmetry;are. 3
horizontal and are supported on their curved bottom by steel saddle plates. ]
These types of. tanks will be called " horizontal: tanks" throughout this:section.
A typical horizontal tank on saddles 11s shown .in Figure 7-13 ;(Notef ' All: the:

,

figures and tables applicable to horizontal tanks ar'e grouped together1 after, j

Step 11 at the end o.f Section.7.4a The range of parameters and assumptidns. j
which are applicable when using the guidelines to' evaluate horizontal:tanksiare! !

'

listed in Table 7-6. -The nomer.clature:and symbols used forchorizontal tanks' q
are listed in lable 7-7.

.

I

The screening guidelines are based on the? assumpion thatL the horizontal tanks' !

are anchored to a stiff foundaticn which.has; adequate. strength-to resist-the
seismic loads applied to the tank. All .the base plates under the saddles are -
assumed to have slotted anchor _ bolt holes in the longitudinal direction to |
permit thermal growth of the tank, except for the: saddleLat one end of theitank-
which is fixed. The saddles are assumed to be uniformlyJspaced.a distance S' '

apart, with the'two ends of the tank overhanging the'end.saddlesia maximum
distance of S/2. These assumptions and the range of' parameters given in1 Table

f 7-6 have been selected to cover the majority of horizontal tanks and heat
-

exchangers in nuclev power plants.
,

ii

.
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7.4.2 Seismic Demand / Capacity of Horizontal Tanks 1

A simple,_ equivalent, static methodtis used:to determine the seismic demand on'. l
~

.and cf.pacity of the anchorages and.the supports for horizontal tanks. ThisH
approach is similar; to the< seismic.damand/ capacity evaluations described :in . _{
Section 4.4;and Appendix CLfor other_ types of equipment requiring anchorages q

; verification. (switchgear, transhrmers', pumps, battery chargers, etc.).: Note: e

-that Lit,is not necessary to evaluate the seismic adequacy of Lthe shell off '

h'orizontal tanks or the shell-to-support welds :sinceLthese items:are normally "

rugged |enough to withstand the loads which can be transmitted:to:them from1the- 'I-

anchor boltsiand support saddlesv
.

The screening guidclines contained in.this"section:specifical_ly address onlyt

the seismic loads due:to th'e inertial renon~se |of horizontalltank's. lf, during j'

!
'

the. Screening Verification,a' d Walkdown of a tank',- the Seismic Capability;n

Engineers determine'that the. imposed; nozzle; loads due to theLseismic'responset . . . . .

of attached piping may be- significant, :then theseiloadsishobld' be : included!in
the seismic demand applied to the. anchorage and supports: of Lthe' thnk. ThereLis >

l- some discussicn provided on this subject for piping-loads applied to; horizontal-
.

pumps in: Appendix B.S.1, HP/BS Caveat 4; this ' discussion:is' also: applicable:to ? a-

horizontal tank evaluations.-

The guidelines in this.section are in the form:of: tables, charts,-and: a few l

simple calculations to determine the seismic: capacity of horizontal tanks in
- 3

terms of the peak acceleration. the tanks.caniwithstand. This . peak |accelevation
ca:acity is assumed to be composed of a. uniform accelerationF A,.in.the two

| horizontal .direcsions, and 2/3 A in. the vertical direction. ;The screening-
.

guidelines include the effect of combining the'three directionsLof-acceleration
by the square-root-of-the-sum-of-squares (SRSS) method. 1The seismic

acceleration capacity, A, is then compared with either the ZPA or the: peak of
the 4% damped, horizontal floor response spectrum, d'ependiag on whether: (1): ,

the horizontai tank is rigid in the vertical or traverse. direction (i.e.,-
.

whether the tank shel' acts as a rigid or flexible beam'between the saddles);

7-47
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or (2) the horizontal tank and its support system is rigid in the longitudinal
directi:

The seismn adequacy of the following critical. paris-of. horizantal tanks; aret
evaluated in these screening guidelines:

e~ AnchorLbolts'and:their concrete embedmentL

Base plate bendinge

Base plate-to-saddle weldie

.. -Saddle bending and compression
_

Sten-By-Steo Procedure fEllorizontal Tanks ~

Steo 1 - Determine the following input data. See Figure 7-13 'for location
of some of these dimensions.

~

Tank: D .(Diameter of tank) [ft'.]

L (Length of: tank) [ft.]i

t (Thicknessoftankshell)f[in.]
W,, - (Weight of tank plus fluid)- [1bf]-

vt , ,h (Weightdensity'of.horizgntaltank'orheat' exchangerincluding -fluid) [lbf/ft ]

. i,' (Height of center-of-gravity of tank and fluid above the
floor where the. tank is. anchored) [ft.]

Saddles: S (Spacing between support saddles) [ft.]

h (Saddle Height of saddle plate from the bottom of the' tank:
to the base plate)-[in.]

G (Shear modulins of saddle plate and stiffener material)
[ psi]

E (Elastic modulus of saddle plate and stiffener material)=
[ psi]

NS (Number of saddles)
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- . Base Plate:: t, (Thickness of base ' plate under-saddle) [ini]

L .f -(Minimum specified yield'. strength of' saddle base plate)| 1
#

;. -[ psi].-
~~

;

t; .(Thickness of leg of weld between saddle and base plate))
3

[in.]_ ;,

1

' v(ertical saddle plate) :[in.']- ~

- Eccentricity from the anchor bolt. centerline to the; '

e'
'

Bolts: NL~ '(Number of; bolt locations-on eAch saddle)-
,

:NB .(Number of-anchor bolts atieach bolt; location) j,

w ;
d; .(Diameter of anchor? bolt) [in.]l + j

.}
-D'' _(Distance between ' extreme anchor bolts < in' base plate' off ci

saddle) [ft.]. '

Loading: Floor' response spectrum"at_4% damping- y,

\

'

Confirm that the parameters and values determined in this step _are with'in the
range of applicable parameters given:in Table -7-6. /If- thev.are, then the . ;
procedure givenLin this .sectionsis applicable:to the ' subject horizontalitank;- '

proceed to, Step 2. If the horizontal _ tank =does :not meet:this guideline, .
classify the tank as an outlier and: proceed to Section 5,10utlierc
~ Identification and Resolution. .

113A.2 - Determine -the; anchor' bolt tension andishear load allowables;frc;i'

Appendix C, accounting for the effects offembedment,: spacing, edgeldis'.ance, .
.

and cracking-in concrete, as discussed in Sections 4.'4 and; Appendix C.. :
,

P,' [lbf] (from Section 4;4 andiAppendix;C). j.

V,' [lbf] -(fremlection4.4andAp|pendixC);

-

.
. .

U

Step 3 - Determine the base plate bending strength reduction. factor'(RB). :The-
width of the base plate -that is stressed in bending is conservatively assumed

,

4

to be equal to twice|the distance between ti.' centerline'of the bolt and the
:

.

|

lI
l-
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l

N'd Lvertical saddle plate; i.e.,'2e,. The strength reduction factor is determined: 1-

i' by, taking the ratio of the base plate yield strength (f ). over the maximum :
bending strass_(a)::

. y
_

;

.!

f f|t{.RB = , -
- i

o -- 3 P, ' !

!
.,

:

:Steo 4 Determine .the. base _ plate w'1d strength reduction factor 1(RW)'. cThe . i

-length of. weld assumed to' carry ths anchor bolt. load'. is-taken to be equal: to I
.1the distance from the ~ bolt centerita to the vertical.~ saddle = plate;ci.e., e

The strength reduction; factor-is the ratio:-of the weld allowable: strength ,.-

4
(30,600 psi)-over the weld stress-(a): j

.

i

RW. = 30,600 ps'i 25.t, ef(30 600 psi)-
q

,

=
-

a. .P' !u
.

' Steo 5 - Determine the anchorage tensiori ' allowable' using~ the strengthi reduction, :
factors. The tension allowable ' anchorage load is- based on'the smaller of the .]strength reduction.facters for. base plate bending or base plate weld:

v
,

- P, = P,' x (Smaller of: RB or RW)f[lbf] ,
,

,

The shear allowable anchorage load is: q

a
V, = V,' [1 bf]

'

,

Steo 6 - Calculate the 'following ratios and values:- '

,

P]V, _|a =

'
h

.

W"
L W,

'
'=

l NS . NL . NB |

V/Wb
|

o ;,.S0 .

,

.o .

' -
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J
- ' ,

,

,

H,,/D ' - f
:

.H /SCg *

f: 3 = (NS)2+: 1
,

,.

' 't

'*/(NS):J D y' ' ' + i_2_ t a , +
f/ H 11'

NLa e es
i.

:S s
' '

' ',
, i 31 1p ,h ;(NS ~1)2-

1

. ,

Steo'7 - Determine <the~ accelerationLcapacity of the; tankf anchorage. The.; '

acceleration capacity;(A).of .the: tank anchorage is'. defined as the smaller of
.

'

the-two' anchorage acceleration capacities ' Aj or A,:3
. .

1
i

;;;;;; ,. .A, .

ij
- i,

I

: 1

:i
'V 0.7 lu

+ j

'f- a '

.A" = '[g] - t

'O.T .
. ;

F+.i ''
2 t

~

'

o
*

, .

'

1.

t
'

i

[ A. . (Smaller of A or : Af)| '[g] j
= j

,

J.

s

.
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l

Steo 8'- Determine whether the tank is rigid or flexible in the transverse and- i
2% !

' vertical directions. f)nter Figure 7-14 (for horizontal tanks'-with weightdensity. 7 s 75 lbf/ft orFigure7-15-(forhorizontalheat'exchangerswith--
~

'

,,
weight de,nsity yh 5 # I M M ) with:~

..

D (Diameter of tank)'[ft.) j
t (Thickness of. tank shell) (in.] .;-

and determine.the maximum saddle spacing for rigid transverse and: vertical.
frequency response :(i .e. , F ,,,,, k. 30 Hz): . ;1

: S, [ft.] (from Figure 7-14 or 7-15) 'i

if the. maximum saddle spacing (S,): is.more than or equal to: the, actual spacing i
o

-(S): ,

J
S, 2 S ,

then the tank'is' rigid in the transverse and. vertical directions,|otherwise-1t.
4-

- . .

-

is flexible.: .;

Steo 9 - Determine whhther the tanklis rigid or flex'ible. in the longitu' inal; . j|d
direction. .The. rigidity of the one| saddle. not: having slotted holes iniits base-

'plate controls the frequency response of the tank =in the longitudinal'-n
" direction. The longitudinal stiffness (k ) cf theitsak istdetermined by *

assuming > the saddle plate:and its stiffen,ers bend with a'. fixed:(built-in)'-'

connection at'the tank and a pinned-connection.at the base plate.- The moment 3
'

L of inertia (1 ) of the cross-sectional area of the, saddle-plate-and its.
stiffeners shfuld be determined at a cross-section just'below the bottom of the - '

cylindrical tank. Compute the resonant frequency of.-the tank in'the' ' '

longitudinal direction using the' followingfequation:
'

!

!

d
1 J k, g

-[Hz)y1"S - ,

2n $ Wu
'

q
s

Where the saddle stiffrns (k,) is:

.

"
1

k, -

3 ,

h h [lbf/in]. ;

3EI A, Gyy
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If_ the longitudinal resonant frequency (F k,) _is greater than or equal to' abouti )i
30 Hz:-

r

F;n,,-2.30.Hz- !j

- then _the tank is rigid in the longitudinal direction, otherwise .it is flexible. 4
i

,

Steo 10- : Determine the seismic demandiacceleration and comparelit to the l
capacity acceleration.'.. LIf the tank = is ' rigid in all threeJdirections;; i.e.,

'

iS, h S and '

2

Fion,, 2 30.Hz-
i

. then determine the ZPA from the 4% damped floor response' spectrum |(maximumL f
-horizontal component):- ' '

1

ZPA [g]' (from.4% damped floor-response! spectrum
at.33 Hz)

O+and compare it to the acceleration capacityfof|the. tank' anchorage: a

A [g] (fromLStep 7)_
.

,

If ,y
i:

-A 2 ZPA '

jc :

ithen the tank anchorage is adequateilproceed to Step;11 If the tank anchorage :

does not meet this guideline, classify the tank'as an' outlier and proceed to-:

Section 5, Outlier Identification and Resolution,' after| completing:thet
remainder evaluations in this section. ' '+

'

; If the tank is ficxible -in any:of the three directions, i.e., !

.i
'

S, < S or

F < 30 Hziong,

7-53
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then ' determine the spectral peak acceleration * from the _4% damped floor-

. - response spectrum (maximum horizontal component):

* ~

SPA [g] (from peak of 4% damped- response ' spectrum) . :j
!

and compare it to the acceleration capacity of the= tank anchorage:

A (;[ -(from Step:7)

If 1
-

A 2 SPA

then the tank anchorage is adequate; oroceed-to Step 11. If the tan anchorage 1 1does not-meet this guideline, classify the: tank as an: outlier and proceed to JSection 5, Outlier. Identification end. Resolution, after completing the !remainder of the evaluations in- this section. i

!

Sten 11 - Check the saddle stresses. Longitudinal shear is the main load that-
,

the saddle and its stiffeners must carry if the other saddles have slotted.
anchor bolt holes in the. base ' plate. Except for small . tanks, the saddle which ;j
carries the' longitudinal: earthquake shear loading should have stiffeners to' '

resist this wcak axis bending. . In addition to the longitudinal sheariload,.
. there are several other loads in the other directions whichTshould be.

k -

considered; these other loads are ~ carried equally by allithe saddles. The
loads to include in determining' the stresses in the. saddle and its stiffeners:
are listed below,

q

|

!

' *

This horizontal tank evaluation procedure uses the assumption that the. .

;tank is full of water. This assumption always results in a- ;
conservative evaluation when the peak of the response spectrum is'used i
to estimate the seismic demand acceleration.

'

i

If, however, the Seismic Capability Engineers elect to determine the
fundamental natural frequency of the. tank more accurately, and use a
spectral acceleration corresponding to a frequency .less than the
frequency at the peak.of the demand spectrum, then they should'also
consider the case where.the tank may not be full. For seismic demand -

-j.spectra with sharp increases over small frequency changes,- theLseismic
demand load for evaluation of the tank anchorage ~(weight x spectral--
acceleration) may be greater for the partially filled tank than.for_ the gfull tank. l
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j

Longitu'dinalLseismic loadsL |||| I.

Vertical compression loa'd .from dead weight- |
'

-.

. Vertical' seismic-loads! j
3

-

..i Overturning moment'from transverse seismic load- j

:s
i

Thestressesinthesaddleanditszstiffenersshouldbedeterminidini
accordance with the combined. compression'and bending provisions of Part'igoff
the AISC Manual of Steel Construction (Reference:29).' Elf the stresses are:less
than;c.S equal to=1.7 x AISC.allowables (for' safe shutdown earthquakejloading),
then ..-x saddle is adequate:and hence the tank is satisfactory for seismic- 1
loadings. ;If-the saddle stresses exceed.the AISC allowable, then classify |the,
tank as'an outlier- and' proceed to Section 5, 0utlier Identification and,
Resolution.

:

i

-

.

,

k

.

.

9.
...

.

!

;

'
'l'

-

j'

u
't

il

e

.k : id

.

*

a.
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Table 7-6

APPLICABLERANGEOFPARAMETERS:AgD
ASSUMPTIONS FOR HORIZONTAL-TANKS'

Diameter of Tank D- 1 to 14 ft'.
,

Length of Tank L 4 to.60 ft.=
,
;

: Height of Center-of-Gravity,of Tank and
H* -

1 to 12.ft,= ,
1

Fluid Above the Floor Where the Tank is
Anchored

,

At !'Number ~of; Saddles NS - 2 to 6-
aSpacing Between Support. Saddles S = 3;to:20 ft.-

d
: Number of Bpiting: Locations NL '- : 2 or 3 : -i
perladdle -

y,

Number of Anchor Bolts per Bolting NB: 1.to~2=

Location
.

Distance Between Extreme Anchor Bolts D' :=.~1 to 12 ft. ;

in Base' Plate of Saddle
'

;

i. Spacing-
. H,/S = '0.1 to.2.0: ]Ratio of Tank C.G. Height-to-Saddle

Ratio of Tank C.G. "31ght-to-Distance -
'

Between Extreme Anchor Bolts H,/D' - 0.5 to 2.01
Weight Density of Horizontal: a

'

3Tanks (including fluid) 7 - 60.to 75 lbf/ft-

1 .

Heat Exchangers (including fluid) yn = 130 to .lu0 'lbf/ft j3-

Assumotions: *

;

1 Tanks are assumed to be cylindrical,. horizontally oriented, and made of
}gcarbon steel.

2 Tanks are assumed _to be supported on carbon steel plate ' saddles. '

'3 Seddles are assumed to be uniformly spaced a distance S apart with the tank-
overhanging the end saddles a distance S/2. .

t
.4 One or two anchor bolts are' assumed at each bolting location. ,

5 All the base plates under the saddles are assumed to'have slotted anchor .p bolt holes'in the longitudinal' direction to permit' thermal growth of the '

W tank, except for the saddle at one end of the tank which'is fixed.

7-56
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Table 7-73 ,

N.0MENCLATURE USED FOR HORIZONTAL TANKS

Symbol Descriotion'IUnits1-

- A* Cross-sectional . ap]ea of saddle plate and-its .,61ffoiers (see
-

-

Figure 7-13).[in.- '

D : Diameter of tank (see Figure 7-13) [ft.]-

D'~ Distance between extreme anchor bolts in base plate of aLsaddle.-

(see. Figure 7-13)-[ft.] _d

,
'

d. Diameter of anchor' bolt.[in.]:-

E Elastic modulus 'of. saddle plate and stiffener material ([ psi]! y
--

e, Eccentricity (:iistance);from the anchor bolt centerline |to the--

vertical saddle plate _(see: Figure 7-13);[in.]
q

F w ,, Resonant frequency of tank in longitudinalJdirection-[Hz]
'

-

1F,yn,,- Resonant frequency of tank in transverse / vertical direction [Hz]. '

F
1 . Coefficient [dimensionless]- '

O
F

2 Coefficient [dimensionless)
~-

u
- f Minimum specified yield-~strengthLof'shell, chair, saddle, or ba'se> H-

y
plate material (psi]

4
G Shear modulus of saddle plate .and. stiffener mate' rial [ psi],-

'-

2g - Acceleration of gravity.[386 in/sec )

H, Height of center-of-gravity of tank and fluid-above the floo'r' N
-

e

where the tank is anchored [ft.]:
h - Height of saddle plate from the botton, of the:tankato the base > dplate (see Figure 7-13) (in.]';

_

-

,

. - I" Moment of inertia of cross-sectional _-area of saddle plate and its- 1
-

"
-

stiff]eners about axis-Y-Y -(see Plan of' Support Sl. in Figure:7-~13): 1
(in.

j

k, - Stiffness of the saddle plate-and its stiffeners in:the direction |)of the longitudinal axis of the tank [1bf/in]
-l Length of tank (see Figure 7-13) [ft.-]-

O ;
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Table 7-7- (Continued) .

NOMENCLATURE- USED FOR HORIZONTAL TANKS

Symbol Description IUnitsl i

4

NB Number. of- anchor bolts at each bolt _-location [dimensionless)-
,

- NL Number of bolt locations-on each saddle,[dimensionless]! '
:

NS: . Number of: saddles [dimensionless).--

. P Allowable. tensile load _ of! tank anchorage .[1bf]-

7

P,'- - Allowable tensile load of: anchor. bolts;[1bf]

RB
'

Strength reduction 1 factor for . base plate bending. (dimensionless] ~-

- RE L Strength reduction factor for: an ~ anchor bolt'near an edge--

[dimensionless] ]
RS. Strength: reduction factor for_ closely spaced anchor bolts --

[dimensionless]- .

Strength reduct' ion factor for base.' plate weld {dimensionless).-RW '-

S Spacing between support saddles-(see Figure 7-13)t [ft.]-

S, Maximum saddle spacing'for rigid . tank |(F, 2 30::Hz)- [ft.]: :
- -

. .t
SPA Spectral peak acceleration-[g]--

Thickness of ' tank shell . [in.]:t -

\ 1L t
b Thickness of base plate under saddle [in.-] 1

-

t, Thickness of' leg _of weld [in.] ]
i- -

V, Allowable shear ~1oad of tank anchorage. [1bf] )-

t

V,' Allowable shear load of. anchor bolts [lbf]-

L W Weight of tank per anchor bolt,-

b ,

g-
I

W"W= [lbf]b NS . NL . NB

O
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Table'' 7-7 ' (Continued)-
'

NOMENCLATURE USED FOR HORIZONTAL TANKS

,

Symbol ' Description IUnitsl

W,, .- Weight of_ tank plus fluid [lbf];-

ZPA ,- Zero period' acceleration [g]~
,

a E- Ratio of tensile to shear' allowable anchorage load,
([dimensionless):p

a = ;7"
-

>J

Weight p]ensity of horizontal heat exchanger'. including fluid-
T -

h

[lbf/ft .-
7- - Weight density of horizontal tank including' fluid [lbf/fi3]-

t
.

A= - Acceleration capacity of tank ancho age [g]

A Lower acceleration capacity- of tank' anchorages [g]--

3 -

A,. - Upper acceleration capacity;of tankfanchorages [g] +:

Stress [ psi)o -

!

r

O
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Figure 7-13. Horizontal Tank or. Heat Exchanger

(Source: Reference 26, Figure 3.1)
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'7.5 .0UTLIERS

~

An outlier-is defined as a tank or heat exchanger which does not' meet'the
screening guidelines for: |

;

. ' Buckling of the shell of large, flat-bottom, vertical tanks, j
Adequacy of anchor bolts and their embedments, |.

:
Adequacy of_ anchorage connections between the anchor bolts and the tank ;.

shell, or )

Flexibility. of piping attached' to large, flat-bottom,- verticall tanks..

.

When an outlier is, identified, proceed to Section 5,' Outlier Identification i

and Resolution, and document the cause(s) for not meeting the screening 5

guideline's on an Outlier Seismic Verification Sheet-(OSVS) Exhibit 5-1).'
. -

i

Note that all of the screening. guidelines should be evaluated (i.e., go
,

through all the steps in this' procedure) so that all possible.causes for'a |
|- tank or heat exchanger being classified.as an outlier are identified before d

proceeding to Section 5 to resolve it.

The conservative screening guidelines given in this:section are intended I

for use as a U neric screen to evaluate the seismic adequacy of tanks and
:l' heat exchangers. Therefore, if a tank or heat exchanger fails this generic '

screen, it may not necessarily be. deficient'for seismic. loading; however, ;

additional outlier evaluations are needed to show that 'it is adequate.
L Such analyses could include' use of the principlesvand guidelines contained

{
l in this section and in Reference 26 for those-types of' tanks and heat-

exchangers not covered herein; e.g._, vertical tanks supported on -skirts or- }

structural legs. When a tank or-heat exchanger which is covered by this' '

section fails to pass the screening-guidelines, refined' analyses could be
performed.which include use of more realistic or accurate'. methods instead

9
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|'

of the simplified,. conservative analysis methods'used in this section and- 1

Reference 26. ' Other generic methods. for resolving outlier are provided in-
Section 5,

i

7.6 DOCUMENTATION.

,

The results of the engineering evaluations' and' field inspections performed | ' )

using the guidelines inithis section shou 14 be retained in the utility's
files. '

The'results of the evaluations and inspectiens should also be documentelt/
completing a Screening and-Verification Data Sheet (SVDS) as.. described in 1

Section 4.6. This SVDS would be included in the'. Seismic Evaluation: Report . : |

submitted to the NRC at the completion' of the Screening Verification and ' f_

1Walkdown. !

t

!

If any of the screening guidelines: contained <in this section'cannot'be met,
the tank should be classified as an outlier. TheOuilierSeismic
Verification Sheet (OSVS), found in Exhibit 5-1, should'be completed to
document the cause(s) for not meeting the. screening guidelines.-

,

,

l'

t

'

i

I

|
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.Q
' CABLE AND CONDVIT RACEWAY' REVIEW

.

8.0 INTRODUCTION

The purpose of this section is to describe the Cable ~and . Conduit Ra'ceway -

Review which should be used to screen out from further consideration the!
cable and conduit raceways which can.be shown to be seismically adequate.

,

;

The Cable and Conduit Raceway Review consists of: (1)L a plant walkdown in.-
which the raceways are evaluated 'against a set of Walkdown Guidelines,J and-
> (2) an analytical check of selected worst-case supports using a set of' ~;

Limited Analytical Review Guidelines. Those~ portions of the raceway '

systems which do not pass these screening guidelines;are classified as .t

outliers and should be evaluated separately using alternative methods. The

remainder of this Introduction summarizes the elements of the Cable and-
'

Conduit Raceway Review.
OU -

Basis for Screenina Procedure- '

The screening procedure contained in this section is based 'primarily on:the !

use of earthquake experience and shake' table test data. With few;
q

exce'ptions, raceway systems have; exhibited: suparior performance'in;past
earthquakes and in shake table tests. This' successful performance has- '

occurred despite the fact that most of the-raceway-systems in'the data base2

had not been designed for earthquakes. This section of the GIP provides
guidance for understanding those aspects of raceway construction that 3

Lprovide acceptable performance and those features that might lead to poor.
performance. Other-more refined or sophisticated seismic qualification
techniques may be used to verify the seismic adequacy of cable and conduit
rtceway systems; however, these other methods are not-described in:detai_1
in this document.

8-1
,

.

t

-_.s . ,. -- , _._ _ . ,. ,-_



. . .- . . - ,

;

1

Revision 2
1

i

: Seismic Review Guidelingi

The. seismic review guidelines contained in this section are applicable to l

steel and aluminum cable tray and conduit support ~ systems at 'any elevation
~

-

,

in a nuclear power plant, provided the Bounding Spectrum (shown in = |
Section 4, Figure 4-2) envelopes the largest horizontal. component of the 5%
damped, free-field,f safe shutdown earthquake (SSE) ground response spectrum
to which the nuclear plant -is licensed. (

Cable and conduit raceway systems are considered-seismically adequate if,.
during and following a' safe shutdown earthquake, the electrical- cables
being supported by the raceway systems.c'an' continue to. function'and the ?

raceway systems continue to maintain overhead support as defined in this ;

section. Minor damage, such as member buckling or connection-yielding, _ is |
P

considered acceptable behavior. The following guidelines are provided in.
this section: .'

Walkdown Guidelines - The purpose of the walkdown guidelines is to i.

verify that the-raceway systems are bounded by the earthquake-
experience and thake table test data bases. Thistis done by checking

~the raceway systems agtinst a set of " Inclusion Rules." Guidelines
are also provided to assess "Other Seismic Performance Concerns"'which
could result in unacceptable damage'. Finally, the Walkdown Guidelines i
provide guidance for selecting worst-case samples of the raceway' '

support systems in the plant for which "Limi.ted ~ Analytical Reviews"' c
should be performed. Section 8 2 covers these Walkdown Guidelines ~.

Limited Analytical Review Guidelines - The purpose of the' Limited 1.

Analytical Review is to check that selected worst-case," representative i

samples of the raceway support systems in.the plant;are at least as i

rugged under seismic loadings as those 4 the; earthquake experience
and shake table test data bas % that perfocmed well.- If these samples ,

do not pass this Limited Andytical Review, further evaluations should - '

be conducted and' the sample expanded as ' appropriate. '.Section 8.3
icovers -these Limited Analytical Review Guidelines. ;

The background for these guidelines is described .in' Reference 9. A summary

of available experience data from earthquakes and shake table tests' can 'be
;

found in Reference 10. Additional' background on the philosophy behind
-

. - . - . . _ .
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,

several aspects ofithe guidelines are included in Reference 11. These j
references should be. studied in conjunction with the guidelines in this
section before conducting the seismic. adequacy revM of raceway systems. - f

;

fOutlier Resolution

|
An outlier is defined as a raceway hardware feature which d'9s not meet the. 'j
inclusion Rules, has significant Other Seism: Performance Concerns, or

,

does not satisfy the Limited Analytical' Review Guidelines contained in this |
isection. An outlier may be adequate for seismic loadings,' however,

additional evaluations should be performed or alternative methods used !
beyond the scope of evaluations contained in this section. Section 8.4 |

!summarizes some of the methods, for evaluating raceway outliers. These

additional evaluations and alternative methods should be thoroughly :

documented to permit independent review. ,|

i.

Seismic Capability Enaineers

The screening guidelines for performing in-plant walkdowns and -limited '

analytical reviews should be applied by a Seismic Review Team (SRT)
consisting'of at least two Seismic Capability Engineers who' meet the- '

qualification and training guidelines ~'given in Section 2. These~ engineers

are expected to exercise-engineering judgment based upon the guidelines
given in this section and the background- and philosophy used:to develop'

;

these guidelines as described in References 9, 10,'and 11. They.should

understand those aspects of raceway construction that provide acceptable I

performance and those features that may lead to poor performance.
t

When' resolving outliers, it is especially important that the Seismic
Capability Engineers exercise professional judgment since strict adherence

]
| to the guidelines in this section is not absolutely required since these
L ]

guidelines are conservative ~ to cover a wide range of. applications. -Instead
the Seismic Review Team should be satisfied that the specific raceway 1

p 8-3
V

:
;

.,

.
. . .



_ . . . _ . . _ _ _ . _ _ . . _ . . _ . . _ _ - - _ _ _ _ _ . _ _ _ _

,

d

Re'visiE 2'.

f.

system under review is adequately-supported, based _upon an understanding of_
the background and philosophy used to develop the guideli.,* in-this- i

section.
i;

Scope of Review
,

The' scope of review-includes:all the cable and conduit raceway systems in .I
~ the plant which support electrical wire for equipment on the Safe Shutdown- 1

'

Equipment List (SSEL),'as developed,in Section 3.
!

In some older power plants it may be difficUt tofidentify which raceways- f
'

support the power, control, and instrumentation wiring for individual items- j

of equipment. If this detailed information is. not available, then all thec !

cable and conduit raceway systems in the plant which could-carry wiring for :

safe shutdown equipment .should be reviewed using the'. guidelines contained ,

iin this section.

Oraanization of Section
:

The remainder of this section is organized as follows:
,

,

Section 8.1 contains the-requirements to which SQUG utilities commit.
<

when adopting the Cable and Conduit. Raceway Review procedure for- -

resolution of USI A-46. '

Section 8.2 contains the Walkdown Guidelines for conducting .in-plant' !
.

seismic adequacy reviews of as-installed conduit, cable' trays, and
itheir support systems. ;

.Section 8.3 contains the Limiteo Analytical Review Guidelines for.*

checking the ' seismic adequacy of a bounding sample of the plant,
raceway support systems.

hSection 8.4 contains a summary of additional evaluations ~and.
.j

alternative methods for assessing the' seismic edequacy of raceway 1 .;outliers.
.

1

Section 8.5 contains guidelines on how to document the results of the- i
.

Cable and Conduit Raceway Review.
|
|
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8.1- SQUG1 COMMITMENTS!

~

Members of-SQUG' adopting the Generic Implementation Procedure for USI A'-46

resolution commit-to the following.in regard to.the verification of seismic
adequacy.of cable anj conduit raceways.

.

8.1.1 :Walkdown of Cable and Conduit Raceways

The licensee shall- conduct an in-plant review of: conduit, cable trays, and.
.

l- their support systems. ~ This review will accomplish ~ the following
objectives.- .I

Check in-plant raceway systems against Inclusion Rules (see_ Section..

8.2.2 below for guidance).
.

Judge whether Other Seismic Performance Concerns'(discussed further in- |.

Section 8.2.3 below) which are noticed duringLthe.in-plant-' review <

could compromise the seismic adequacy of.the raceway system.

Select a representative, worst-case. sample of raceway su) ports'which.
;

will receive a Limited Analytical Review (discussed furtier inO Section 8.3 below).V
8.1.2 Limited Analytical Review

i

The licensee will conduct a Limited Aaalytical Review of ' selected cable l
tray and :onduit supports considered to be. representative worst-cases.-

;

8.1.3 Documentation

.

The licensee will document the results of the cable and conduit ,aceway-
walkdown and the results of the Limited Analytical Review.'-

v

8-5
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-8.2' WALKDOWN GUIDELINES- !

'Guidelines for conducting an in-plant seismic adequacy: review of as-
installed conduit, cable trays, and their support systems: are presented in' j
this section. The in-plant review has two purposes. :The first is to check : !

the raceway systems' against certain Inclusion Rules to show the' plant -
raceway systems.are within the| envelope of the~ earthquake experience and ,

shake table test data bases. Guidelines are also_ provided toLassess Other j
Seismic Performance Concerns which could result in| unacceptable da~ mage..

.:

The second purpose of the' in-plant review is to, select representative, -

worst-case samples of the raceway supports in' the plant on1which Limited -
]'Analytical Reviews will be performed. The samples selected should

encompass the diversity of the plant's support systems. The guidelines.for
performing the Limited Analytical . Review are. covered in Section 8.3 -

8.2.1 General Walkdown Procedure-

O-The general walkdown procedure given in this subsection describes a method L
;

for performing detailed in-plant screening and assessment of conduit and '

icable tray systems for seismic adequacy. ' This evaluation' relies in part
,

upon engineering judgment which should be exercised during the-plant
wal kdo'..n . This engineering judgment should..be based on.~a. good.-

[;
understanding of the performance of raceway systems;in past' earthquakes'and
in shake table tests.

';

The individuals on the raceway evaluation walkdown: team should meet the 'I

requiremente for Seismic Capability Engineers as defined in Section 2. .The

walkdown should be conducted by one or more Seismic Review Teams-(SRT), [
each consisting of at least two Seismic Capability Engineers. The''SRT

~

should have -a clear understanding and working knowledge of the-screening' i

guidelines presented below and have studied References 9, 10, and 11
thoroughly. They should also become familiar with. the raceway design and ;

,

,

[
>

!
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-{ construction practices.of the' plant, as well as'with-the general plant
' : layout, raceway routing, and'the' design of raceway. systems which cross.

3

building separations. I
;,.

' ;
,

L It is~ expected that the SRT will spend from one to two weeks in the plant. l

The duration may vary depending on the number of SRTs, the size of the
'

plant, the complexity and accessibility of the plant. raceway systems, and
~

so forth;

i

It is recommended 'that the SRT take general. notes, including rough sketches !

-or photographs, as appropriate, 'of typical system attributes. More-~

7

detailed notes should be taken to document decisions and evaluations made
in the field. Walkdowns may be-conducted on 'an area by-area,

isystem-by-system, or run-by-run basis. Time should be set aside on a daily
basis for the SRT to review notes and sketches; to collect plant drawings- j
or information, if-needed; and to check selected supports by preliminary

'

calculations, if warranted. Recommended documentation for the review'is'~

[ discussed in Section 8.5.

During the plant walkdown, the SRT should verify that the cable-and cc.nduit
L
l - raceway. s.ystems meet the Inclusion Rules given' in Section 8.2.2. In'
|- addition, the SRT should note.and evaluate any of the Other Seismic-

Performance Concernt, given in Section 8.2.3.

The Inclusion Rules identify the important limits of the earthquake
experience and shake table test data bases and certain undesirable details
which, if violated, could significantly compromise-the seismic adHg.iacy of
a raceway system.

It is not necessary. to check for compliance with the. Inclusion Rules on. '

every raceway . system. span or support, or even a large number of them in' the:,

L
'

plant. Instead, the SRT should examine in detail several supports 'or-spans.
at a variety of locations in the plant to determine whether the general

!

8-7
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L construction practice in i.he plant is.in agreement with the; Inclusion
Rules. Thereafter,_ the-SRT should be alert for, and evaluate any instances 1 '

.'of non-compliance with the-Inclusion Rules, if and when they are noticed as. j
part of the walkdown. In this manner the-SRT should visually inspect all-
the raceway systems within the scope of-review. j

~

l

If it appears that any of the Inclusion Rules are not' met,ithen the SRT' l
should investigate that portion of the raceway' system in sufficient' detail
so that the team-is convinced they understand the extent of the identified ~
condition.- That portion of the raceway system should then be classified as:
an outlier and evaluated using the guidelines |given in Section 8.4.-

I

The Other Seismic Performance Concern _s given.in Section'8.2.3_ represent-
less significant or less well-defined conditions which should be' evaluated
during the plant walkdown. They'are included -in the guidelines'of this. j'
section as representative. of_ the type of concerns'which the SRT shouldilook
for and evaluate to determine whether they could significantly compromisei +

the seismic adequacy of the raceway systei,..

It is not necessary for all of the raceway systems in- the plant to be
inspected in detail for the Other Seismic Performance Concerns, instead,

q
the SRT should note and evaluate any ofathese concerns,;if and when they
are noticed as a part of the walkdown. I

| ?

If it appears that any of the other Seismic Performance Concerns areinot

met, then the-SRT should exercise their engineering judgmentiin assessing
'

whether the condition sianificantiv compromises the seismic adequacy of the
3

raceway system. If it appears that the area of concern is not significant, !

then the SRT should note the condition on the walkdown documentation and
provide a written explanation for.their conclusion. However, if,- in their.
Judgment,_ the area of concern h significant,- then that portion of the- i_

raceway system should be classified as an outlier and' evaluated in a manner
similar to an Inclusion Rule outlier. <

.

eje-e
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:

O Most of the plant walkdown should be. conducted from the floor level. ' As .v- \

h different support configurations are observed during the plant walkdown, 'I
, . .

- 2

the' SRT should examine them to familiarize themselves with the construction je

and details of the raceway system.' When any_ suspect condition is observed'
from the floor level which may violate one of the Inclusion Rules or may- f
represent a sianificant Other Seismic Performance Concern, then~a closer j

examination should be carried out. l

i

In general,- the level' of effort of.the review should be enough to give the
ISRT confidence in the seismic adequacy of the plant' raceway systems.

eri g j d n i y o uc sf 1 e f del n
so that the review is both safety-effective and cost-effective. In this.
spirit, these guidelines are only guidelines,:not-requirements; the sound {

'

_

engineering judgment of the SRT is the most .important factor, particularly
when evaluating the seismic adequacy of outliers.y

,

O 8.2.2 Inclusion Rules
i O t

The Inclusion Rules in this section identify the important. limits of the
,

earthquake experience and shake table test data bases and-certain

undesirable details which,. if violated, could significantly compromise the- [
seismic adequacy of a raceway system. These Inclusion' Rules should be

evaluated using the general walkdown procedure given in Section 8.2.1.- >

1
'

Rule 1 - Cable Trav Soan. The length of unsupported cable tray between ,

adjacent supports should not exceed about 10 feet in the direction of the :
run. When the cable' tray extends beyond.the 1ast support in-a run, it: . 21
should not cantilever out (overhang) beyond +' tis" support more than 1/2 the
maximum unsupported. span -length, i.e., 5 tem This' span and cantilever--,

'

overhang were- selected because they are supported by; earthquake ' experience:
' data.

- Rule 2 - Conduit Soan. The length of unsu) ported conduit in1 the direction
! 'of the run between adjacent supports, or tie length of unsupported conduit

cantilevered out from the'last support in a run should not exceed the spans-
| and overhangs given in the following table. ~ These spans and overhangs were

O 8-9
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selected because they are supported by earthquake. experience _ data and are
consistent with the National Electrical Code. (Reference 18). ,

,

'

Approximate Maximum,.

L Conduit - Spans : Between . Approximt.te Maximum
.'Size. Adjacent Supports- Cantilever Overhang

finches) (feet) '(feet)
'

1/2'and 3/4 10 5=
1 12 6

1-1/4_and 1-1/2 14 7:
2 and 2-1/2 16 8
3 and larger .20 10-

;

Rule 3 - Raceway Member Tie-downs. For cantilever bracket-supported
systems, cable trays and conduit should be secured-to their supports so.the=
trays or conduit cannot slide and fall off the supports.- Normal industrial '

friction type hardware, such as.the "z-clip" commonly:used for.-cable trays.
-is a sufficient means of attachment,

,

.

Systems do not have to be secured to every support, unless the supports are
at the maximum spacing described above., For example, consider a'60-foot--

.

length of cable tray. If there is a support at~each end and the interior. ;
,

supports cre at the maximum span of-10 feet described in Rule:1, then'the
raceway system should be tied down at all seven supports 11n.the 60-foot- "

ru n .' - If there are more than seven supports,-the trays need to be secured .

to only seven of these supports in any.60-foot run, regardless of.how many 3
additional supports there actually are in the run.

- .

Rule 4 - Channel Nuts. Chan_nel nuts-used with light metal; framing systems-
should have- teeth or ridges stamped into"the nuts where;they bear on the
lip of _a channel as shown in Figure 8-1,

3

Rule 5 - Riaid Boot Connection.: Strut systems. supported by'" boots" or: 1

similar rigid. devices, especially plant-specific designs, should be
evaluated on a case-by-case basis. Shake table tests haveishown.that a-
rigid boot overhead connection detail, as shown in Figure 18-2(a), has a

,
'

:_ significantly-reduced, vertical load-carrying capacity;in seismic' motion.
L Any gap between the vertical' support member and the boot prevents the

development of high clamping fo;ces. in the connection' andethus causes-a"

L significantly reduced load-carrying capacity. . Cable tray test specimens
with this detail have collapsed in shake table: tests.

,

A rigid boot connection with. gaps can be upgraded to an acceptable -i
connection by using~a through bolt as shown-in Figure 8-2(b). . This ~ i

-

connection has been shown to be acceptable.by ' shake -table tests.

|,

| 8-10 ;
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Eg]e.)-- Beam'C1amos. Beam clamps:should not be. oriented.in such a way-
L 'M gravity loads are resistad only, by the clamping or frictional- forces ;

l- e.aoped by the clamps. Ti . earthquake experience data base includes many; i'

|: examples of beam clamps attached to the lower flange of . structural steel: [beams such that the gravity loads are resisted by bearing of the inside top
of the clamp on the top of the lower flange of the beam. On the otherj

.

hand, beam clamps oriented.so gravity load.is resisted only~ by the clamping
'

frictional force, as shown in Figure 8-3, might loosen and slip off in _an
L earthquake and possibly cause a. collapse.

;

Rule 7 - Cast-Iron Anchor Embedment.- Threaded rod-hanger anchor embedments :
constructed of cast iron should be specially evaluated since-there is a '

potential for a brittle failure' mode. Plant documentation'should be used i

to determine whether anchor embedments are. cast iron. .The~ earthquake |
experience data base includes examples where heavily-loaded rod hangers'
threaded into cast-iron inserts failed. ;The cast-iron anchor detail.is
shown in Figure 8-4. Failure modes included anchor pullout and-anchor ,

fracture where. rods were only partially threaded into;the anchor.-

8.2.3 Other Seismic Performance Concerns

^

The Other Seismic Performance Concerns in this.section represent less:
significant or less well-defined conditions which should be evaluated
during the plant walkdown. They are included in the guidelines'of this
raceway evaluation section as representative of the type of concerns wh'ich
the Seismic Review Team (SRT) should be looking for during the plant
wal kdown. When one of these Other Seismic' Performance Concerns is found, I

the SRT should determine whether the area of concern could significantly: '

compromise the seismic adequacy'of the raceway system. |Theseiseismic'

concerns should be evaluated using. the general walkdown procedure given .in
Section 8.2.1.

|

| Concern 1 - Anchoraae. The SRT should pay close. attention to the review.of
'- anchorages for the raceway supports. The team:should pay particular~ 4

attention to system anchorages for heavily-_ loaded supports. When_the type
of anchorage detail-cannot be determined by visual inspection', other-
methods of determining the anchorage detail:may be used, provided the.SRT '
is convinced they understand the actual details. For example, the. plant - .;

,

design drawings, construction records,=or procurement specifications may
provide the unknown details. If overhead welds are not visible (for

A 8-11
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example, they'are covered by fire retardant),.other similar supports;
without the coating can be' inspected, or, as-installed plant documentation i
. reviewed _to gain understanding;of the weld adequacy..

:

Adequacy. of other types- of anchorage such as plastic inserts or lead ' shield J

,.

L plugst for cable tray systems are not covered by these guidelines. However, ,

|^ the adequacy of anchorage such as plastic inserts or. lead-shield plugs on. .i

lightly-loaded conduit supports rigidly attached to.a wall;may be evaluated.
| on a case-specific basis by using' manufacturers'Linformation, performing
' plant-specific tests, or performing proof tests. In-addition, anchorage 1

adequacy for lightly-loaded conduit supports which are rigidly; attached to l
a wall with less than about 15 pounds dead load may be verified by. giving '

the conduit a tug by hand.

Concern 2 - Cracks in Concrete. V'isibleLlarge cracks, significantly ~
_ l

spalled concrete, serious honeycomb or;other gross defects in the' concrete: !to which the-cable tray or conduit supports;are-attached should be" I
evaluated for-their potential . effects on' structural-integrity during' an- !
earthquake. The walkdown team should include. supports of raceways ~ anchored- 1
into concrete. with gross defects. in the sample-selected for the Limited .;
Analytical Review (Section 8.3).

,

Concern 3 - Corrosion. Excessive corrosion of cable-trays, conduit, or-
supports should be evaluated for.its|effect on structural' integrity.-
Evaluations should consider the alternative of estimating.the strength __
reduction due to corrosion, if appropriate.- f

Concern 4 - Saa of Conduit and Cable -Travs'. There should not be a i
noticeable sag of the conduit or cable tray. As a general guideline,

.

;
noticeable sags are defined as about 1. inch of' deflection .in-10 feet. If a

'

noticeable sag is found, its cause should be determinedtbefore concluding
corrective action is required. .For example,'the sag may have. occurred: 4
during construction, have no relation to structural integrity, and thus not'

~

t

require any corrective measures. The walkdown team'should include: supports
of raceways ' sagging-due to heavy loads in the: sample . selected ^ for the
Limited Analytical Review (Section.8.3).

Concern 5 - Broken or Missina Components. _ Broken or missing cable tray and ;
, conduit components should be repaired or replaced. Locations where' cable si) is routed near rough, sharp edges'such as sheet metal cutouts should be

1
evaluated for their potential to cause insulation; damage in an earthquake. 1

Co'ncern 6 - Restraint of Cables._ Any cables above the top' of .the side rail
should be restrained to keep them in the tray during an earthquake.
Isolated cables in the' center of.the tray do not'have to be restrained. If
cables are not restrained, they should be evaluated to determine if'they
are a credible earthquake hazard to themselves (through, flopping or falling
out of the trays and becoming pinched or cut) or whether they are a hazard

1
p _ to nearby plant features (for example, by impacting-a fragile component).

|
|
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When cable trays have vertical drops of_ more than about 20 feet:and i
3

\ flapping of the cables.during an earthquake might cause pinching or cutting |
of: the cables or impact with nearby. fragile equipment, the. cables should.be i
restrained to keep them in the tray. 1

l - Concern 7 - Aaina of ' Plastic Cable Ties. .There 'is concern that old cable. I
ties which are made of plastic-type materials may not have sufficient-

. i
, strength as a result of aging. Cable ties are frecuently used to restrain ;" cables within cable trays. If restraining straps are required on vertical:

drops or when trays are filled above the top of their: side rails and.those
';

2restraining straps are of a plastic-type material, then the walkdown
engineers should make a brief qualitative evaluation by physically pulling, ;

.or tugging on a few of the straps or enclosed cables-to ensure tht the -
straps have not become brittle. If the straps break or easily O d under .:this simple test, then their effectiveness in an earthquake is obviously
questionable and.they should be-replaced in those areas where they are ,

needed.
,

,

Concern 8 - Hard Scots. Occasional stiff supports in long flexible runs of-
cable trays or conduit should be evaluated to determine-if the seismic ,

movement of the run could cause the stiff support to fail. This concern.is !
mainly associated with longitudinal motion. Cable tray or: conduit' systems
with. a long run of supports.that are relatively flexible in.the . -

.

|longitudinal direction may also contai's a support that is relatively stiff
as shown in Figure 8-5. The stiff support may thus be subjected to' '

considerable load and fail due to loads from earthquake-induced, longi-
tudinal movement of the cable tray or conduit run. Where~the stiff support :
is located around the bend from the long run, the flexibility and ductility
of the bend in the tray or conduit will typically prevent failure of the l

| stiff support from being a credible event. The SRT should review' Reference '

19 which provides examples of undamaged.long, raceway runs from the
earthquake experience data base.

' 'The Limited Analytical Review Guidelines in.Section 8.3 include: an
evaluation.for fatigue effects of fixed-end rod-_ hanger' trapeze ~ supports...

,

The walkdown team should note instances of occasional short,. fixed-end rod J

hangers-(stiff supports) in raceway runs with predominantly longer, more- '

flexible supports. These should be. specially evaluated for possible
;

failure due to fatigue using the Rod Hanger Fatigue Evaluation methodology ,given in Section 8.3.6. Rod hanger trapeze support systems.which are
eccentrically-braced should also be evaluated. ';

t

Concern 9 - Seismic Interaction. The SRT should use the seismic !
interaction assessment guidelines given in Section 4.5 and Appendix 0 to

.
;

look for potential seismic interaction hazards. ~ Raceway systems attached .

to 'or in the vicinity of unanchored components, or unrestrained block
walls, should be noted and evaluated.

|

|
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'It' may also.be- necessary to' evaluate the seismic interaction effect of. a
single' isolated support which could fail and fall onto a nearby fragile

-item of safe shutdown equipment.

As described inL Section 8.3.9, a single isolated support in a cable tray-
system can'be assumed to fail-if its adjacent support members provide >
sufficient redundancy to' carry its share of.the load.-

,

n

8.'2.4 Selection of Samole for Limited Analytical' Review - l

The purpose of this subsection is to provide guidelines.for selecting
,

representative,' worst-case samples of. raceway supports on which Limited, '

Analytical Reviews will be performed. The samples .should include !

representative. samples of the major different' types of. raceway support
. configurations.in the plant. The sample size will vary with the diversity 4

,

and complexity of the: design and construction of'each specific' plant's -
raceway support' system. As a general guideline,-10 to 20 different sample-
supports should be selected.

.

Before the samples are selected, the Seismic Capability Engi~neers should
become familiar with the Limited Analytical Review Guidelines.in Section 8.3:
and should review the sample evaluations contained 11n Reference 9-

,

During the plant walkdown, notes should be taken which describe,the~ basis. for - |

selection of each sample. The location-:of the selected' sample should be' l
-noted,anddetailedsketchesoftheas-installedsupportishouldbemade.

L As-built sketches should include the support configuration,. dimensions, |
L connection details'and anchorage attributes, member sizes, and loading. Any

additional information that may be. considered relevant to' the seismic-
adequacy of the sample support should be noted in detail.

The Seismic Capability Engineers. should seek.out the most heavily-loaded
raceway support for each configuration. Deep cable' fill, long spans,
sagging raceways, multiple tier systems,-top supports at vertical runs, and. |

fire protective coatings are indicators of heavy-load. Of particular

8-14
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1mportance are raceway support systems that appear to have-possibly more
load than originally designed for.. These can be identified by the presence- )
of other plant components attached to the raceway support, such as pipe i

supports, HVAC duct supports, and tack welded-on conduit supports. i

Conduit and cdia tray supports with anchorages that appear marginal ~ for..
- the supported aht are good candidates for sample evaluation. . Anchorages
of undersized weiss, incomplete welds, or_ welds: of poor' quality should also .;

be included as samples. When overhead miscellaneous support steel, such as' i
'

. steel . angle, is used.specifically as an. anchor point to; support the
raceways, its anchorage to the building structure should also be reviewed, .

and included as part of the sample', especially if its anchorage appears' to j
'be the weak link in the load path back'to the structure.

It may facilitate decision-making processes in the plant if.some sample" j

calculations are performed prior to walk' downs. - As an. example, simple' i

screening tables can be developed which -list anchor capacities.and' raceway i

l system weights. These tables would enable rapid assessment of certain-
|

anchors appearing marginal for the supported load

8.3 LIMITED ANALYTICAL REVIEW GUIDELINES

l

This subsection ' describes the Limited Analytical Review which should be .- {
performed on cable tray and conduit supports. Analytical review |

calculations should be conducted to evaluate the structural . integrity of *

the raceway supports chosen as representative,.. worst-case--samples-'of the- !

p1 ant raceway support systems. The Limited Analytical Review Guidelines'- !
.

given in this section address structural integrity by. correlation with-
raceway support systems that performed well in past earthquakes. The
purpose of the calculations is not' to estimate actual seismic response and- j'

system performance during an earthquake. Rather, the purpose of the
calculations is to show that cable tray and conduit supports-are at least |

;

i'

(O .
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as rugged as those that performed well as evidenced by'past experience. It-
~

is important to understand-the difference between;these two~ purposes. .
;

~

The Limited Analytical Review Guidelines are primarily based on the
back-calculated capacities of- raceway supports in the seismic experience; <

data base. The checks of these guidelines are formulated to' ensure that? '

-cable, tray and conduit supports are seismically rugged',. consistent with' the !

. seismic experience success data. The checks include the use of static load ^i

coefficients, plastic behavior structural-theory, and engineering judgment _. .;
Reference 11 should be read ~by the. Seismic Capability-Engineers:since it !
provides considerable discussion and background information on the ; l
philosophy for the analytical review process. [

'l

The analytical checks and evaluations discussed in this sect' ion are as
follows:

;

.: Dead Load Check [

. Ductility Check

Vertical Capacity Check t.

Lateral Load Check.
.

. .

,Limit State Check.

Rod Hanger Fatigue Evaluations.

Floor-to-Ceiling Support Evaluations.

Base-Mounted Support Evaluations.

,

Redundancy and Consequence Test.

Allowable capacities and raceway system weights _are also discussed in~this
''

section.

i
1

.

1

-

L
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The relationship between the above analytical checks for suspended raceway ;

support systems is shown in a logic diagram in Figure 8-6. It is suggested- l
~ '

that this figure be used while reading the following descriptions of these-
: analytical checks. ,

,

The raceway supports should pass a normal engineering dead . load design

review to working stress level allowable loads. ;This Dead Load Check ~is- i

described in Section 8.3.1. This is the only check needed for rigid,-
wall-mounted - supports. Rigid-mounted conduit and cable trays are. t

inherently very stable and subject.to minimal ' seismic, amplification. A.
,

detailed dead load design review of'these systems provides ample margin for;
seismicLeffects. The working stress level allowable loads which should-be--
used are described in Section 8.3.10.

'

The Ductility Check is described in Section 8.3.2. As shown in? Figure'8-6,
supports characterized as ductile do not require an expl.icit| lateral; load? ,;

L check. Instead, seismic ruggedness for ductile supports-is' assured by the

| 3 times dead load (3 X DL) Vertical Capacity Check (Section 8.3.3). .The
high vertical capacity of the ductile data base; raceway supports is the
main attribute credited for their good' seismic performance.

Supports that may not respond to seismic loads,in a ductile manner,should' J
be checked for lateral load capacity. The Lateral L'oad Check,| described-in '!
Section 8.3.4, is in the form of> an equivalent static ~ lateral load
coefficient. Because this static' coefficient is derived from the i

earthquake experience data base, .it is considered applicable'to ground i
motion consistent with the Bounding Spectrum.shown in Section 4, ''

Figure 4-2. A method for scaling do'wn the load coefficient for. sites with
lower ground motion response spectra is'provided.in Section 8.3.4.

| The simple' equivalent static lateral load method becomes overlyf
conservative for suspended supports with long drop vertical support' members -
from overhead. This is because calculated moments at the ceiling

F
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. connection become very large. Unless the' vertical support member is very j

rigid, lateral load effects may be limited by' seismic response peak'
'displacements. Section 8.3.4' provides a' method for determining-more

realistic, deflection-controlled lateral loads for evaluation of these _
. |

cases. - |

As shown in Figure 8-6, ductile supports not' passing the Vertical- Capacity-. {
ICheck may instead be evaluated by a Limit State Check as discussed in-

Section 8.3.5. The simple 3 X DL Vertical Capacity Check of Section 8.3.3 j
provides a quick,' conservative means for-assuring seismic ruggedness,- !

| consistent with the experience data; however, for certain configurations of
raceway: support systems, especially unbraced rod hanger' trapeze systems, >
the Vertical Capacity Check may be too conservative. -

- .
;

.The principle behind the Limit: State Check, as' described in Section 8.3.5,
'

is that the support anchorage capacity need only be~ greater than the-
maximum possible reactions from plastic hinge formation in.the support,
while also under dead load.: This principle only applies to supports that
are suspended from above and that.are characterized as-ductile following' J
the guidelines of Section 8.3.2.

,

Although' rod hanger trapeze supports may be characterized as.' ductile for: t

seismic loading, the fatigue life of-the threaded rod hangers may limit
,

seismic capacity when fixed-end connections-are subject to large. bending-
strains. hod Hanger Fatigue' Evaluations'.should be done using the j
guidelines in Section 8.3.6 for rod hanger trapeze supports with fixed-end. a

rods. '

1

The checks described above and illustrated in the Figure:8-6 logic-diagram 1

-directly apply only to seismic evaluations of suspended (and wall-mounted)1 i.

raceway supports. _Similarly, simple evaluation methods may also be applied - f
to floor-to-ceiling supports and base-mounted supports, as long as

-;
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consideration is given to 1ack_of pendulum' restoring force effects and.
instabilities that may arise from plastic hinge formation. j

Floor-to-Ceiling Support Evaluations _ are discussed in Section 8.3.7. ]

Ductility arguments may only be used if-the support's base mount can be |

neglected (i.e., treating the support as if it is suspended).. When the
base mount is required to help ~ resist vertical load, Lateral Load Checks of l

the top and bottom connections, as well as buckling capacity checks of the
,

_ vertical; support member, are warranted.

Base-Mounted Support Evaluations are discussed in Section 8.3.8. These

supports cannot be characterized.as inherently ductile, and strength checks 3

are required for'both equivalent lateral and -longitudinal loads. :In
addition, the base connection hardware detail's should be: reviewed for '

rigidity. Slight connection slips that may lead to acceptable behavior for
suspended systems can result in an additional overturning ~ moment due to -

| P-delta effects (i.e., eccentric loadings) for base-mounted supports <and
should be reviewed. "

The Limited Analytical Review Guidelines provide' a conserv'ative meant for
screening _ out those. raceway supports which are seismically adequate. .

Isolated instances of supports which do not meet the Limited Analytical '

Review checks may be accepted if there is adequate redundancy in the- l
.

adjacent raceway support system, and if there is= no safety _ consequence

associated with failure of the isolated support. .The Redundancy and |
Consequence Check is described in Section 8.3.9 and is illustrated in the

j
logic diagram of Figure 8-6. 1

| t

1 -

If a support fails to ineet the Limited Analytical Review Guidelines, then )
;

it should be considered to be an outlier only for this simple screening-
|

evaluatico method. More detailed analyses or. tests may be performed on the |
| outlier to demonstrate its seismic ruggedness. For example, the raceway 1

~

i

|

_
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system network, especially in areas'such as dense cable spreading rooms,
may bettoo stiff.to transfer significant' seismic loads to its-supports, j

:
>

If supports of the worst-case sample selection do not meet the Limited * j
'

Analytical Review checks, the review team.should develop. an understanding
of what' supports in the plant are impacted by this analysis result.- It ist
not intended-that the bounding sample be grossly expanded and that' many- '

calculations be' generated if the analytical checks are not met.=

l

Note that'the Limited Analytical Review Guidelines only have to bes
satisfied in an. approximate manner. For example, if a support has a t

~

t

capacity which is about 10% less than the' allowable (e.g., only| 2'.7 times' (
~

Dead Load rather than the desired 3.0 times Dead Load),:the team may still- j
find the support acceptable based on their' professional judgment..

The Vertical Capacity and Lateral Load Checks should be done using !

realistic capacity allowables as discussed in Section 8.3.10.

O ''The raceway system weights that should be used for thew Limited Analytical-
fReviews are described in Section 8.3.11.

q
8.3.1 Dead load Check

t

.

. aBack-analysis of raceway supports in= the.datat base indicates that.most?
|

systems have adequate dead load. design. -A detailed dead. load. design review 1 l
of the worst-case sample conduit and cable. tray. supports should be- !

conducted using normal design working stress allowable' loads. The check'

should consider the as-installed configuration, connection-detailing, and,

loading condition of the raceway support. All components such.as brackett
1

L members, support members, conduit clamps, internal: framing connections, and' |

support anchorage should be checked. - All system eccentricities, including
load to anchor point eccentricity, should be considered, excluding
evaluation of clip angle bendirg stresses. (Note, however, that clip angle

8-20
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bending stress should be considered during evaluation of base connections ]'

of floor-mounted supports as discussed in Section 8.3.8.)- Loads from other '

attached systems, such as piping or ducting, should be considered.
.

'

This is the only check recommended for-cable tray' and conduit supports
directly mounted.to or rigidly cantilevered from.an-adjacent structural. r

wall. These support. types have been shown to be inherently rugged by past
experience. The. mounting configuration .is generally rigid for lateral
response, so dynamic amplification of seismic motion'is' minimal. .$

Performing a detailed dead load-design' review iar these support typest
_

ensures adequate margin for seismic' loads.
!

Consideration should also be given to. the seismic adequacy of the wall to- !

which cable tray and conduit raceway supports are attached. Reinforced. .

concrete structural walls are not-a concern. -With the. exception of very-
light conduit, anchorage into transite walls (asbestos fiber board) and - [
gypsum board partitions should be considered outliers. Masonry walls

1

should be checked to verify that they have been reviewed for seismic- I

adequacy as part of the IE Bulletin 80-11 program. .The anchor' capacities '
in Appendix C cannot be used for expansion anchors in masonry. block. walls.
(especially if the anchorages are installed in hollow blocit corest or mortar-
joints) or in nonstructural mr.terial; reduced valuestshould be used. The-
anchorage of partition walls and shielding walls should be checked.. f

4

8.3.2 Ductility Check !

An evaluation should be conducted of the supports selected- for review to - '

characterize their response to lateral _ seismic motion as-either: ductile or i

potentially non-ductile. Supports. suspended only from overhead may-be ;
characterized a:: ductile if they can respond to lateral seismic motion by- !
swinging freely without degradation of primary vertical support connections ,

and anchorage. Ductile, inelastic performance such as clip angle yielding i

,

!
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or-vertical support. member yielding is acceptab1'e so long as deformation
~

,

does not lead to brittle or premature failure of overheadLvertical support, j
l

Review of typical conduit 1 and cable' tray support systems in the earthquake _ l

experience and shake table test data bases indicates -that many overhead
mounted support types are inherently ductile for-lateral seismic motion. $

Back-analysis of many. data base _ conduit' and cable tray' supports predicts--

- yielding of members and! connections. These data base systems performed!
well, with no visible ' signs of distress.- Ductile yielding of suspended

fsupports results.in;a: stable- damped swaying response mode. This is*,

considered to be acceptable seismic response.
1

~

1

The ductility review of anchorage connection details isimost important for;
rigid-type suspended' raceway supports. Supports with r;gid,_non-ductile-- "

anchorage that do not have the capacity to. develop the plastic strength of
- the vertical support members' can possibly behave in'a non-ductile fashion. >

Examples include large tube steel supports welded to overhead steel' with
relatively-ligt. welds, or rigid. supports ~ welded to :large base' plates 1and' g

- outfitted with relatively' light-anchorage. LThese types of support | systems 1
are not well represented in the data base. -

The seismic design of certain-raceway su'pport members may ha've been-
1

controlled by- high frequency requirements rather. than design loads, yet -
anchors may have been sized by the design loads. ?These types of= supports
may have low seismic margin due to loads placed on the support which were a

not considered by the original-design. Supports with rigid,'non-ductile
.

'
anchorage are subject to further horizontal load strength rev_iew (see
Section 8.3.4).

Examples of ductile and non-ductile raceway support connection details and
,

y configurations are shown in Figures 8-7 and 8-8, respectively, and are
described below. -

!

I
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Standard Cataloa !iaht Metal. Strut' Framina Members. Clio Anales and Bolts l
b With Channel Nuts. The seismic experience data include many examples of: !

unbraced supports: suspended from overhead, constructed of standard catalog
light ratal, strut framing channels, clip angles, and bolts with channel <

nuts as shown in Figures 8-7A, B, C, and D. The good performance of these ";
support types indicates that they may be' characterized as ductile. This is
even true of supports constructed of standard catalog light metal strut
framing, gusseted,-clip angle connections. . Review of shtte table tests of |
raceway support systems shows that slight slipping of ch&el nuts due to "

prying action of gusseted clip angles leads to accepteble ipehavior for
suspended supports. The. tests show that once the overhead moment:

,

connection is relaxed by this slippage, the support system is free to swing i

without additional degradation of the overhead connection. ~

|

Welded Steel Members. The philosophy 'of acceptable. seismic response
involving clip angle-cornection yielding-for supports constructed of light
metal, strut framing is extended to supports constructed of welded steel
members as shown in Figure 8-7F. If. an anchor-point connection weld is '

stronger than the vertical: member, then a plastic hinge will be ableito
form in the verth el member,: allowing. ductile response without weld ;

failure. A support is seismically rugged so long as overhead support is '

maintained. In this case, plastic hinge action in the' vertical member.-
prevents transmission of loads capable of failing the welded anchorage
point. For open channel structural sections, an all-around fillet weld I

whose combined throat thicknesses exceed the thickness of the ) arte
|- fastened, may be considered capable of-developing the plastic linge
I i capacity of the open channel section vertical member. If the- plastic; hinge '

-capacity of the framing support member exceeds the capacity of the weld, asi'

shown in Figures 8-8A and B, then a brittle failure is possible ..which is
not. acceptable seismic performance. ~ For light metal, strut- framirig:
members, welded connections are-likely to be non-ductile and thus not

t

capable of developing plastic moment capacity of the framing member. 3

Ceilina Connection Plate Secured with Exoansion-Anchors. Raceway supports !

with overhead anchorage provided by a plate attached to concrete with-'
expansion anchors may also be shown to.be ductile. The anchorage'may be

,

characterized as ductile if it is stronger than the plastic flexural 3
strength of the vertical support member. A simple anchor moment capacity
estimate may be used, by multiplying the bolt pullout capacity times the
distance between the bolts or center of bolt groups. In.some cases, it may
be possible to demonstrate ductility if the.cailing connection plate is the
weak link in the anchorage load' path. This.is similar to the case:of clip

' !angle bending. The key to characterizing a support as ductile' or
-

non-ductile _is reviewing the anchorage load path, and determining if-the
weak link responds in a ductile or brittle manner. '

|
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Braced Cantilever Brack'et and Trapeze Frame-Suonorts. The: presence of a-
~ diagonal brace in a support, as- shown in Figures. 8-8E and F, has the

:
. potential, of significantly increasing;the pullout loads on anchorage when t

the support iscsubjected to horizontal motion. This is a function of the- -!
support geometric configuration, 'the realistic! capacity. of the- brace, .and- |
the realistic capacity of the anchorage. Non-ductile behavioriis po!,sible. .

when the brace reaction to horizontal load plus dead load has thez
capability of exceeding the primary the support anchor capacity.1 If a
brace buckles' or. has a connection: failure before primary support anchorg :-

capacity -is reached. .then the support may be considered as- ductile.- Braced '

supports.are subject'to further horizontal load capability review inz
Section 8.3 A with a focus.on primary support-anchorage..

,

Unbraced Riaid Traoeze Frames.- Trapeze, frames constructed as.
. $

mom:nt-resisting frames,,such as those with a-number of-stiff cross-beam
members welded to the two vertical supports as shown' in Figure 8-8D, have y,

the potential'of;significantly increasing the pullout; loads on anchor, bolts ;
when- the' frame is: subject to horizontal = niotion, i Non-ductile' behavior -is ;

possible when the rigid. frame anchor point reactions to horizontal = load '

exceed the1 anchor capacity. Unbraced rigid. trapeze. frames are subjectsto-
-further horizontal load strength review in Section 8.3.4 with focus on
anchorage.

Floor-Mounted Suocorts. Plastic behavior of floor-mounted supports may
lead to structural instability. Ductility, as defined by these guidelines,
only applies to suspended systems. Floor-mounted supports are 1
characterized as non-ductile, and are subject to further horizontal:
strength review in Sections 8.3.7 and 813.8 with focus on stability. 3

Rod-Hanaer Trapeze Sunoorts.- - Supports constructed- of threaded steel rods
.with. fixed-end connection details at the ends of.the rods behave in a,
ductile manner under-horizontal. motion; however, relatively short rodscma.y ' j
undergo very large ' strains due to bending' imposed by horizontal: seismic '

motion, at the fixed ends of the roas: Low cycle fatigue.may govern
response. . Rod hanger trapeze supports with short,- fixed-end rods should be

|evaluated for low cycle fatigue effects in'Section 8.3.6. j
q

l

No further review of horizontal response capability is required of-supports i

characterized as ductile. Only the support vertical capacity need.b'e-
verified, as discussed in: Sections 8.3.1 and 8.3.3. If.a support is'
characterized as.non-ductile or has questionable. ductility,' then.its
lateral' load capacity should be verified, as-discussed in Section 8.3.4, as . H

shown in the logic diagram.for making these decisions in'-Figure 8-6,

1.
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. 8.3.3 Vertical Canac.ity Check

:

This check concentrate. on the support anchorage, focusing on the weak link j
in the support. anchorage load path. -. Back-analysis of conduit and cable -

tray support systems-in the data base indicates that most supports have
relatively high, ~ vertical anchorage capacity. ..The-high capacities are |
inherent in standard 'available connection hardware used for raceway support - !

systems. The high vertical capacity is one:of the primary design;
attributes that is given credit for good seismic performance. The Vertical ;

Capacity Check evaluates whether the vertical capacity to dead load demand :

ratio is in the range of support systems in the data base that. performed ;

well. The high vertical capacity provides considerable margin for.- '

horizontal earthquake -loading.
.,

This Vartical Capacity Check is only applicable to raceway supports;-

<

suspended from overhead and characterized ~as ductile; non-ductile raceway > !
supports are subjected to the' lateral Load Check and need not have a ;

"Vertical Capacity Check applied.
,

. The _ Vertical Capacity Check is| an
equivalent' static load check, in which the support is subjected to 3.0 '

times Dead Load in the downward direction, using_the capacities discussed'
in Section 8.3.10. This check is limited to the primary raceway. support j

| connections and the anchorage of suspended support systems. It is not -
necessary to evaluate clip angle bendingistress 'or. secondary support ,

members. Base-mounted supports are not subject to this check.(see
!

Section 8.3.8); however, the lower support' member of floor-to-ceiling 1

configurations should be checked for buckling if the upper ' connection :,

cannot resist 3.0 times Dead Load by itself as discussed in Section 8.3.7.

Eccentricities resulting in anchor prying and eccentricities between'
.

vertical support members and anchor points should, in general, be ignored. -.

For cantilever bracket support types, the et..;entricity of the cantilevered
dead load should be ignored. This concept is the result of back-analyses |
of data base cable tray supports and is consistent with limit state

B-25
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conditions observed in test laboratories. Even if overhead moment capacity [
is completely lost, the vertical support integrity is maintained, as the |

'support balances itself with the cenur of mass below the anchor point. It-
| is.impc, tant to realize that this calculational method is only- used to !

I demonstrate seismic-adequacy by comparison with experience data. It is not i

~

expected, and it has not been shown by the experience data, that a support -

willendupinthisdeformedpositionafteranearthduakeontheorderof f
'the Bounding Spectrum shown in Figure 4-2 of Section 4.
i

for trapeze frame and rod-hung supports, load distribution between the two
vertical framing members should be considered if the center of the load-is
significantly distant from the centerline of the support frame. The .;
bending strength and stiffness of frame members should be checked for

,

transfer of the load between anchor bolts when overhead support is provided i

by light metal framing with anchor bolts spaced at relatively~large |

intervals and when multiple anchor bolts are needed to resist the. vertical.- |

load.

For most conduit and cable tray support systems, the anchorage is the weak
link in the load path. For these support systems the Vertical' Capacity i

| Check is simply a comparison of anchor capacity to 3.0 times the supported 'I

load. The 3.0 times dead load Static coefficient-should not be reduced if :

the design basis earthquake ground motion response spectrum for that plant i
'

site is less than the Bounding Spectrum showr. in Figure 4-2. This is .t

because there are only a few supports in the earthquake experience data ;

base which have back-calculated vertical capacities less than 3.0 times
Dead Load. However, if the 3.0 times Dead Load guideline is not met, which
may be the case for certain flexible trapeze frame raceway supports, then {
vertical capacity may instead be verified by performing a lateral Load j
Check (Section 8.3.4) or limit State Check (Section 8.3.5).

*

L !
.

;

8-26

,

t

, __- . . m.,. . __.., . , ,_ _
k



_ . _ _ _ _ _ _ _ _ _ _ .

,

|

Revision 2
i

I

8.3.4 Lateral Load Check !

A Lateral Loari Check should be performed for the bounding case raceway
supports that are characterized as potentially non-ductile. The Lateral
Load Check is in the form of an equivalent static lateral load coefficient. |

The Lateral Load Check compares the ratio of horizontal load capacity ;

divided by dead load demand (for potentially non-ductile supports) to the '

same tatios for support systems in the seismic axperience data btse that !
'

performed well. Because many of these data base raceway systems were i
subjected to e rthquake ground motions that may have been greater than the !
Safe Shutdown Earthquakes (SSEs) for many plants, provisions for scaling i

down the equivalent static horizontal loads are given below. '!

If a support is ductile, then no further review of horizontal, response
'

capability is required, and the support may be shown to be seismically
rugged by the Vertical Capac"y Check (Section 8.3.3). If a support is
non-ductile or has questionable ductility, then it should be analyzed for
one of the following transverse load conditions:-

Dead load plus a 2.0g horizontal acceleration in the transverse
_

.

direction. The horizontal acceleration may be-scaled down linearly by -

the minimum ratio of the design basis earthquake ground motion
spectral acceleration for the plant site divided by the corresponding :
spectral acceleration of the Bounding Spectrum given in Figure 4-2.

Dead load plus a transverse acceleration of 2.5 times the Zero Period.

Acceleration (ZPA) of the floor response spectrum for the anchor point
in the plant where the raceway system is attached.

For elevations lower than about 40 feet above plant grade (see.

definition of " effective grade," in Section 4.2.3), dead load plus a J
transverse acceleration of 2.5 times the floor ZPA where the floor IPA
is equal to the free-field ground ZPA times 1.5 (to account for
building amplification), times 1.25 (to adjust for median-centered
response).

,

;

, c
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h|For these loading conditions, only the tributary mass' corresponding to dead
load on the support should be considered.

1 ;

!

The loading condition selected should be used consistently for all the {
plant raceway support systems selected as samples in any part cular ii

building. Different methods may be used for different structures. For

example, the floor ZPA scaling method may be preferable for rock founded j

structures or soil-founded structures for which realistic floor response !

spectra may be available. The scaled 2.0g method may be preferable for f.

"soil-founded structures, such as diesel generator buildings, for which
realistic floor response spectra may not be available. |

|

The simple equivalent static load coefficient method may be too
f

conservative for supports with long-drops from~the ceiling anchorage to the !
'

raceways. The static coefficient method predicts very high connection !
bending moments in these cases. In this case, the bending moment imposed ;

.

on the ceiling connection may be limited by peak seismic deflection and not- !
'

. seismic accelerations. This is consistent with observations of
back-calculated static coefficient capacities. froni the experience data.
The lowest back-calculated capacities were often from supports with long f

'

drops and were not considered representative (i.e'., they were not used to !

attempt to justify a static coefficient lets than-2.0g).
|

If the. support has long verticel members and has low' natural- frequency, f
then an alternative loading condition of ' dead load plus reaction forces due
to a realistic estimate for seismic deflection imposed in the transverse

|
direction may be used. A conservative estimate for seismic deflection may '

be obtained by using floor spectral. displacement at a lower bot:ad frequency
|

estimate considering only single degree of freedom pendulum response of the
support. !

!
!

.1

!
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| I for diagonally-braced supports with ductile overhead anchorages, the load |
reaction imposed on the support anchorage during the Iateral Load Check j

does not need to exceed the buckling capacity of the brace or its ;

connections. For example, if it is shown that a brace buckles at 0.80g |

lateral load, then this load should be used for the Lateral Load Check and :

not 2.0g. For diagonally-braced supports where the anchorage is not
ductile, the portion of the lateral load that is not resisted by the brace
should be redistributed as bending stress to the overhead connection. The
loads in the diagonal brace will cause additional vertical and horizontal j

loads on the anchorage, which should be accounted for.

An upper and lower bound estimate should be'used for buckling capacity of ;

the brace, whichever is worse, for the overhead anchorage. There is
considerable variation ia test data capacity for linht metal strut framing
connections. An upper bound estimate of 2.0 times the realistic capacities ;
discussed in Section 8.3.10 can be used for these connection types.

[ The evaluation method of ensuring that anchor capacities are greater than
,

reactions from inelastic response of other components .in the support system
,

is referred to as limit state evaluations. The optional Limit State' Check
is discussed in Section 8.3.5. Note that it is also permissible to check a |

ductile support for lateral loading instead of performing the Vertical.
.

Capacity Check.

8.3.5 Limit State Check

A limit state evaluation may be used as an alternative to the Vertical '

Capacity Check (3.0 times Dead Load) in Section 8.3.3 for verification of
support vertical capacity for ductile supports. The limit state evaluation

l provides a check of anchorage and anchorage-connection capacity. The

seismic demand applied to the anchor point using the limit state evaluation
method is based on dead load plus anchor reaction due to formation of
plastic hinges at credible support joint locations. Realistic upper bound

:
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!

estimates should be used for the support joint plastic hinge moment
capacities, based on test results if possible. .,

a

The basic philosophy for the Limit State Check is that for ductile supports !

suspended from the overhead, anchor connection capacity need only exceed '

the maximum possible reactions resulting from the plastic hinges developed |
in the support, plus dead loads. !

i
For rod hanger trapeze supports with fixed-end connection details,:the !

Limit State Check is straightforward. The anchor capacity should be i

greater than dead load reaction plus the reaction.from plastic hinges
formed in the hanger rods at fixed end connections. For multiple tier i

hangers, as a first approximation, plistic hinge formation may be assumed {
at all joints at all tiers. If the lateral deflection corresponding to
onset of all these plastic hinges is excessive, such as ittit is greater

r

than the peak floor spectral displacement, then a more refined evaluation
may be conducted. This may be accomplished by considering a realistic
deflected shape for those locations where credible plastic hinges can be
formed.

,

|

For threaded rods, the plastic hinge moment capacity should be consistent
i

with those observed in the rod hanger fatigue tests (see Reference-20)'.
The plastic moment capacity may be calculated using the rod hanger's cross -

sectional moment of inertia based on the root diameter of the threaded
section, a 1.7 shape factor, and a 90 ksi apparent yield stress. Far
example, the plastic moment capacity of a 1/2-inch diameter threaded rod
may be taken as 1,010 inch pounds.

|

The anchorage shear load for the Limit State Check may be calculated by |
t

estimating a point of inflection in the limit state deflection shape, for
example, for a rod hanger trapeze support, the point of inflection may be '

taken as the mid-point between the top tier cross beam and the overhead I

anchorage.

8-30

i

I

:
__ _ _ . . _ _ . _ _ _ _ _ . _ _ _ _ . . . _ - _ _ . _ _ _



- _ _ . . _ ._. . - _ . _ _ _ _ _ _ . _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _

Revisicn 2 |

Limit State Checks of light metal strut framing trapeze supports -
constructed with clip angles may assume that plastic hinges develop in all
clip angles, with the strut framing members remaining rigid. The anchorage ;

capacity should be greater than dead load reaction, plus frame reaction at
the anchor point due to the formation of plastic hinges at all clip angles, :

plus reaction due to local prying action at the anchor due to a plastic- !
moment in its clip angle.

f
The local prying anchor load may be taken as the connection ultimate moment

capacity divided by tue distance between anchors for double clip angle :

connections. For single clip connections, the moment may be divided by the !
distance from the anchor bolt to the far edge of the light metal strut
framing vertical member. The moment capacities for clip angle connections
can be very difficult to estimate by calculation so it is best to base i

these moment capacities on test data if possible.
!

8.3.6 Rod Hanaer Fatioue Evaluations

Shake table tests have shown that the seismic capacity of fixed end rod '

'

hanger trapeze supports is limited by the fatigue life of the hanger rods.
Rod hanger trapeze supports should be evaluated for possible fatigue
effects if they are constructed with fixed end connection details. This
fatigue evaluation should be done in addition to the checks described in
the previous sections.

Fixed-end connection details include double-nutted rod ends at connections
to flanges of steel members, rods threaded into shell-type concrete
expansion anchors, and rods connected by rod coupler nuts to nonshell
concrete expansion anchors. Fixed-end connection details also include rods '

with lock nuts at cast-in-place light metal strut channels and rod coupler
nuts welded to overhead steel.

:

p
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IThis section. describes a screening method for evaluating rod hangers for
fatigue based on the use of rod fatigue bounding spectra (shown in |

Figure 8-9) and generic rod fatigue evaluation screening charts (shown in f
Figures 8-10 to 8 14). This screening method is based upon generic,. |

bounding case fatigue evaluations in Reference 20. |
I
i

The screening charts are directly applicable to hangers constructed of j

manufactured all-thread rods in raceway system runs with uniform length j
hangers. The charts may also be used for evaluation of supports

,

constructed of field-threaded rods, and for short, isolated fixed end rod' i

hangers in more flexible systems with relatively much longer rod hangers; i

guiCance is given later in this section on_ how to adjust the parameters

] when evaluating.these special cases. !

!
''

Manufactured All-Thread Rods
.

The fatigue evaluation for short, fixed-end rod hangers (manufactured
all-thread)-in trapeze supported raceway runs with all of the-rods of'

;

uniform length, should proceed as follows:
,

;

Obtain the 5% damped floor response spectrum for the location of the.
r

support. '

Enter Figure 8 9 which contains Rod Fatigue Bounding Spectrum anchored.
i

to 0.339, 0.50g, and 0.75 . Select a. spectrum which envelopes the.9
floor res)onse spectrum. If the selected spectrum does not entirely
envelop tie floor response spectrum, then select a: spectrum that
envelops the floor response spectrum at the resonant frequency of the
support.

:

i

Support resonant frequency may be estimated as follows:
.

f

SuppOM

8-32

$

. -s . -.. .4- , , . - . , - . - , .._+..y + .-. ~.



. . . . - __ - - . _ _ _ _ _ - -. -- - -. - __ -. _.

;

;
'

Revision 2 1

'
.

O Where:
M = W/g <

W| == total dead weight on the pair of rod supports !
8

K 2(12EI/L ) + W/L
'

g - gravitational constant i

E - elastic modulus of steel !

I .= moment of inertia of rod root-section iL = length of rod above top tier '

Enter one of the Fatigue Evaluation Screening Charts shown in Figures.

810 to 8-14 corresponding to the diameter of the threaded rod.
i

4

Focus on the curve associated with.the acceleration (0.33g, 0.50g, or ;
0.759) of the Rod Fatigue Bounding Spectrum selected in the previous
step. .These charts do not directly apply to field-threaded rods (see
discussion below). i

!
'

Compare the rod hanger length (L, length of rod above top tier) and.
,

rod hanger weight.
with acceptable com(W total dead weight on the pair of rod supports)binations of length and weight on the screening y

charts. Acceptable regions of the Fatigue Evaluation' Screening Charts '

are below and to the right of the Screening Chart curve selected in ,

the previous step. i
,

if the support parameters are within acceptable regions on the Fatigue,

Evaluation Screening Chart, then the rod hanger support is seismically '

adequate.
,

The-screening charts also include the 3 times Dead Load limit' associated
I with the Vertical Capacity Check (Section 8.3.3) which can be.used to

facilitate evaluation of expansion anchors (based on mean capacity divided i

by four) for rod hanger trapeze supports.

Field-Threaded Rods
,

Rod fatigue tests have shown that field-threaded rods have less fatigue ,

life than all-thread, manufactured rods. The evaluation method for field-
threaded rods proceeds the same way as for manufactured threaded rods, ;

except that adjusted weights and-lengths should be used for comparison with
the Fatigue Evaluation Screening Charts. For field-threaded rods, enter
the Screening Charts with double the actual weight and 2/3 the actual ;

8-33
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.

length of the rods. 'If these modified parameters are in acceptable regions !
of the Screening Charts, then the rod hanger is seismically adequate.

Isolated.'Short. Fixed-End Rod Hanaers

If an isolated, short, fixed end rod hanger is used in a system with
predominantly longer, more flexible hangers, a specia1' evaluation should be ;

conducted if the isolated support does not meet the Redundancy and
Consequence Test as described in Section 8.3.9 below. The special j

'evaluation method is as follows:

i

Estimate the frequency of the support system, neglecting the isolated, !.

short rod. The frequency estimation formula given above may be used.
The length of the longer rods should be used in the formula. .

Enter the ipplicable Fatigue Evaluation Screening Chart (Figures 8-10.
3

to 8-14) which corresponds to the Rod Fatigue Bounding Spectrum t

(Figure 8-9) that envelops the plant floor response spectrum (5%
damping) at the frequency of interest which was calculated in the
previous step.

Back-calculate an equivalent weight for evaluation of the isolated i.

short rod hanger, using the frequency of the longer rod h ,ger
1

supports, with the following formula: -|

i
'

24 E l g
~" " * (2xf)2L - g l'8

|
,

Enter the appropriate Fatigue Evaluation Screening Chart (Figures 8-10.
;

to 8-14) by using the above calculated equivalent weight and the j
length of the isolated short rod hanger.

If these parameters are in an acceptable region on the. Fatigue Evaluation
Screening Chart, then the isolated, short, fixed-end rod hanger is.

,

seismically adequate. i

,
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( Reference 20 tray be reviewed to obtain an understanding of the analytical
methods used to develop the Fatigue Evaluation Screening Charts. When

using the charts, the simple equations given in this section for
,

calculating response frequency should be used for consistency since these
| are the same equations used to generate the screening charts (i.e., the |

screening charts are based on the simplified results obtained from detailed ;
fatigue analysis, considering capacities determined by component test I

i results). |
;

I
8.3.7 Floor-to-Ceilino Supoort Evaluations

|

!
Floor-to ceiling supports may be evaluated as suspended raceway supports if !

they can meet the previous Limited Analytical Review Checks by neglecting !
the floor connection and anchorage. This is a conservative evaluation !

method, i

!
; Seismic ruggedness for floor to ceiling supports that depend on the floor !

'connection may be evaluated as follows. The checks described here ensure
seismic adequacy by showing that the supports maintain high vertical
capacity, demonstrate ductility, and maintain connection shear resistance.

,

;

The lower vertical support column member should be checked for buckling. |
The imposed buckling load should be the portion of 3.0 times Dead Load that

|
cannot be resisted by the overhead anchorage. In addition, the support

"

should be subject to a lateral Load Check. The imposed lateral load static
|

coefficient should be obtained as described in Section 8.3.4. The top and ;

bottom connections and anchors should be checked for dead load plus the
equivalent static lateral load reactions. Clip angle bending stresses may
be ignored. The support columns themselves do not have to be checked for ;

lateral loading; however, the entire support should be checked for design i

dead load as described in Section 8.3.1. !
:

!

>
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8.3.8 Base-Mounted Suonort Evaluations i

Base mounted supports present a different case than suspended supports in
that, with excessive deflections and inelastic response effects, the |

base-mounted supports tend to become unstable whereas suspended supports
have increased pendulum restoring force. The checks which should be'
performed include a detailed Dead Load Check and Lateral Load Check

{
non concurrently in both orthogonal directions, including P delta effects 1

'if base hardware slip may be anticipated. P-delta effects include the
second order increases in base overturning moment.due to additional

,

eccentricity of the supported dead load during seismic deflections of the {
support. These P delta effects may become significant if the connection

1

{{
hardware at the base of the support does not remain rigid. Base hardware

slips that should be considered are discussed below.. Reference 11 provides
considerable discussion on the philosophy of the base mounted support
evaluations.

|
,1

A detailed, Dead Load Check should be performed, similar to the check
described in Section 8.3.1. The only exception is that clip angle bending
stresses should be evaluated at the base connections. Ba'se flexibility. ''

associated with clip angle inelastic behavior may lead to' increased '

deflection and subsequent P-delta effects and possibly instability. i

A Vertical Capacity Check should not be conducted since the philosophy
behind the Vertical Capacity Check only applies to ductile, suspended l
raceway supports. A Dead Load plus equivalent static Lateral Load Check

;

should be performed instead, for loading non concurrently in both i

orthogonal directions.;

\
The equivalent static lateral load should be determined-as outlined in i

Section 8.3.4. The Lateral Load Check should evaluate all members,
connections, and anchors associated with the primary support frame and its '

bracing (ifpresent). Realistic capacities should be used for the

;

.

U
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evaluation. If brace members (lower bound capacity estimate) cannot resist
all of the lateral load, the portion of load exceeding the brace capacity j,

may be transmitted to the base and resisted by the base moment capacity.

If light metal strut framing clip angle construction is used, bolt (with
channel nut) slip of 1/16 inch should be considered for P-delta evaluation. |
If the nominal capacities given in Appendix C are used for nonshell !
expansion anchors, anchor bolt slip of 1/8 inch Should be considered for

,

P-delta evaluation. For P-delta evaluation, all these bolt slips should be i
used to obtain an estimate for maximum possible base connection rotation, j
Using this base rotation, and considering the displacement due to the
flexibility of the vertical support post, a deflection of the raceways |

'should be calculated. This additional deflection times dead load provides
the effective P-delta base moment. 'If this moment is more than about 5% of ;

the total moment from the Dead Load plus Lateral Load Check, it should be |
included in the Dead Load plus Lateral Load Check. j

,

Torsional moments at the base of the support post that may rasult from
lateral or longitudinal load checks may be ignored. Stresses in the ;

support brackets due to longitudinal loading may also be ignored. These ;

forces resulting from longitudinal loading are not considered realistic due !
to raceway member framing action and inelasticity of other components in i

4the load resistance chain such as restraining clips.' The goal of the-
lateral and longitudinal checks is to demonstrate seismic ruggedness. |

f8.3.9 Redundancy and Conseauence Test

;

Isolated cases of a support not meeting the Limited Analytical Review
|

Guidelines described above may be accepted'if the raceway support system
has high redundancy, and if postulated support failure has no adverse j
consequence to plant safety. High redundancy can be demonstrated by
showing that the adjacent supports are suspended and meet the Vertical

|
Capacity Check (3 times Dead Load) of Section 8.3.3, and either the |

|
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Ductility Check of Section 8.3.2 or the Lateral Load Check of I

Section 8.3.4. !

i i

" Isolated" means that it is not acceptable for as many as every other |
support to fail to meet the guidelines. In other words, there should be at |

1 east two supports, each of which meets the guidelines of Section 8.3.3'and f
'

either Section 8.3.2 or Section 8.3.4, between each " isolated" support.o

The consequence of a failed isolated support should also be evaluated to i

determine whether there is any undesirable effect on nearby equipment'. j
Engineering judgment should be used by the Seismic Capability Engineers to j
make this' evaluation. If it is not credible for the support to swing away ;

or fall, then there is no safety consequence. If it is credible for the

support to swing away or fall, then it should be treated as a source of
seismic interaction. In this case, there is no safety consequence if there
are no fragile, safety-related targets in the vicinity or below.

I

Use of the Redundancy and Consequence Test described above should not form

the basis for evaluating the general, overall seismic ruggedness of the !

plant's raceway support systems. Rather, this option should be used during i
the walkdown to screen out isolated instances of. supports which appear !
marginal, so as to exclude them from the bounding case sample, ,

i
8.3.10 Allowabl Capacities

]

The allowable capacities which can be used in the Limited Analytical Review
are discussed in this section. For the Dead Load Check (Section 8.3.1),
normal engineering design working stress allowable capacities should be

j used. For example, the capacities defined in Part 1 of the AISC
Specification for Steel Design (Reference 29) can be used.

More realistic allowable capacities can be-used for the remainder of the
checks in the Limited Analytical Review (Sections 8.3.2 to 8.3.8). The

'
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.

remainder of this subsection defines these capacities for expansion j
anchors, cast-in-place anchors, embedded plates and channels, welds, steel j

bolts, structural steel, and other support members. !
l

Capacity values for. expansion anchors are provided in Appendix C. The

guidelines for using these anchorage capacities, as defined in Section 4.4 f
and Appendix C, should be followed, including edge distance, bolt spacing,
and inspection procedures. Note that tightness checks need not-be |

d 1 i ne s k are vd u p d nd so 1-.

mounted raceway systems'cause these types of anchorages to be subjected to ;

constant tension under dead load and therefore the anchorages are..in<
effect, continuously proof tested. The tightness checks should be carried 'i

out, however, for floor mounted support anchors.
:

;

i

Capacities for other anchor types, such as cast-in place anchors or
, embedded plates, should be estimated by factored ultimate strength design

| calculations following ACI Standard 349 (Reference 30). The plant design
or as-built drawings for cast-in-place anchors and steel plates should be
reviewed to obtain details on these anchorage types.. Anchor capacities-for
cast in-place light metal strut framing channels should be~taken as the
manufacturer's catalog values with published factors of safety, or may be

.

determined by available test information with appropriate factot of ,

safety, or may be calculated as in Reference 30.

.

Capacities for welds, structural steel, and steel bolts should be taken as
defined in Part 2 of the AISC Specification for Steel Design
(Reference 29). Capacity values for light metal strut framing hardware are
taken as the manufacturer's recommended design values, including the

=1

published factor of safety. This factor of safety is considered sufficient I

to encompass the lower bounds of strength values, such as may result from
minor product variation or low bolt torque.
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When upper bound strength estimates are required, such as in ductility
reviews or limit state evaluations, the manufacturer's catalog capacities 2

should be increased. A recommended upper bound estimate for bolts with ;
;channel nuts is double the manufacturer's published design values.
:

!
Tests may be used to establish realistic, ultimate capacities of raceway' '

components. Appropriate factors of safety should be used with these test i

results. Dynamic tests should be performed to establish ultimate j
capacities of friction-type connections in must cases.

3

|

8.3.11 Raceway System Weishi.s
,
,

i

Cable tray weights may be estimated as 25 pounds per. square foot for a
,

standard tray with 4 inches of cable fill. . It is suggested that the cable a

trays be considered to be completely full during the initial attempt at .;

using the .'xreening guidelines described above. Linear adjustment may'be
made for trays with more and-less cable fill. Sprayed-on. fireproof

,

insulation may be conservatively assumed to have the same unit. weight by
itself as the cable in the tray it covers.

.

Estimated weights for steel and aluminum conduit may be taken as follows:
,

Conduit Weight
Including Cable

1

Conduit foounds per foot)

Diameter
(inches)_ Steel Aluminum . i

1/2 1.0 0.5
3/4 1.4 0.7
1 2.2- 1.1 ;

l-1/2 3.6 1.8 I

2 5.1 2.8.
2-1/2 8.9 5.2

'

.

3 12.8 7.9 ,

4 16.5 9.5 -

5 23.0 13.6 ?
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'( Conserv3tive estimates should be made for the weights of other
miscellaneous items attached to the raceway support, such as HVAC ducting,
piping, and lighting. ]

8.4 OUTLIERS !
;

An outlier is defined as a raceway hardware feature which does not meet one
;

or more of the screening guidelines contained in this section.- Namely, an ;

|outlier:

Does not meet the Inclusion Rules given in Section 8.2.2,.

Has significant Other Seismic Performance Concerns a', given in Section i.

8.2.3, or
f

Does not satisfy the Limited Analytical Review GuideHr.:s civen in.

Section 8.3.

When an outlier is identified, proceed to Section 5, Outlier Identification
and Resolution, and document the cause(s) for not meeting the screening
guidelines on an Outlier Seismic Verification Sheet (OSYS), shown in
Exhibit 5 1.

.

The conservative screening criteria given earlier in~ this s'ection are
intended for use as a generic basis to evaluate the seismic' adequacy of
cable and conduit raceway systems. If a raceway hardware feature fails;

| this generic screen, it may not netetsarily be deficient for. seismic
loading; however, additional evaluations are needed to show that it is
adequate. Some of the additional evaluations and alternate methods for i

demonstrating seismic adequacy are summarized below. Additional details |

are also found in th'e previous subsections where these generic screening
guidelines are described. Other generic methods for resolving outliers are

|
found in Section 5.

I
|

t

f ,

.

1
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In some cases it may be necessary to exercise engineering judgment when
resolving outliers, since strict adherence to the screening guidelines in- ;

the previous subsections is not absolutely r2 quired for raceway support
systems to be seismically adequate. These jvJgments, however, should be

i_

based on a thorough understanding of the background and philosophy used to i

develop these screening guidelines as described in References 9, 10, and |
11. The justification and reasoning for considering an outlier to be
acceptable should be based on mechanistic principles and sound engineering |
judg;nent. |

=>

The screening guidelines contained in the previous subsections have been- .

thoroughly reviewed by industry experts to ensure that they are |

conservative for generic use; however, the alternative evaluation methods !

and engineering judgments used to resolve outliers are not subject to the
same level of peer review. Therefore, the evaluations and judgments used j
to resolve outliers should be thoroughly documented so that independent

.

reviews can be performed if necessary.. !

OiGuidelines for performing outlier evaluations are provided below:-
|_

;

Cable Tray Soan and Conduit Soan. As discussed in Inclusion Rules 1 and 2,
the span lengths.given there are not necessarily rigid requirements. For

,

! example, an isolated cable tray span of about 13. feet may be acceptable if
the tray is lightly loaded and of rugged construction (for ' example, the

,

i

tray meets the NEMA standards in Reference 31 and the cable loading is no
.

| '

more than one-half that in Table 3-1 of Reference 31). An isolated conduit
overspan may, be acceptable if its vertical deflection is limited by other '

plant features in proximity, in addition, 3.0 times dead' load vertical
static load tests can be used to show that an isolated overspan is
acceptable.

1
Raceway Member Tie-downs. Tie-downs should be installed until Inclusion *

Rule 3 is satisfied. As an alternative, analyses or a static lateral pull
test of the lateral load-carrying capacity of the as-built trays or conduit
can be performed to show that the trays or conduit are not capable 'of
falling off the support. The amount of static lateral force used in this ;
evaluation should be consistent with one of the options in the Lateral Load

i Check given in Section 8.3.4. It is preferable, and.usually.not a i

difficult maintenance activity, to add missing raceway member tie-downs.
.
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Channel Nuts. Channel nuts without teeth should be replaced with nuts with
i teeth or an extensive plant specific dynamic testing program can be

perfonned to show that the channel nuts without teeth are capable of
carrying the anticipated seismic load.

Ricid Boot Connection. Rigid boots are considered to be outliers even when
there is only a small gap between the boot and the member it supports. If i

the boot was field assembled in such a way that no gaps exist and the boot ),

fits the member tightly, then this connection can be considered acceptable. ;

The basis for the finding that there are no gaps should be thoroughly j
documented. One simsle fix to a rigid boot with gaps is to replace the >

individual bolts wit 1 one through bolt. '

Beam Clamos. The clamp should be rcplaced with a positive connection or f
the clamp oriented so that gravity loads are not resisted by the clampitig ;

friction; however, if supported loads are-less than about 15 pounds, the i

adequacy of an isolated clamp oriented in the wrong direction can simply be !
verified by tugging and shaking it by hand. )

If an entire run of small conduit with light support dead loads (less than
about 15 pounds per support) is anchored with beam clamps which resist dead
load only by clamping friction, then a sufficient number of supports
representative of the entire conduit run should be tugged to verify '

adequacy.

Cast-Iron Anchor Embedment. The cast-iron anchor embedment should beO replaced with an acceptable anchorage or the support braced horizontally
'

.

and the stress in the anchor kept very low, j

; Analytical Outliers. Outliers that do not satisfy the limited Analytical
Review guidelines, as illustrated in Figure 8-6, can be evaluated further
using more detailed analytical models of the raceway system or in-plant
testing to demo.istrate that the raceways are as rugged as required.

:Remember, however, that the analytical guidelines only have to be satisfied ,

in an approximate manner. As illustrated earlier, if a. support has a .

capacity of only 2.7 times Dead Load rather than the desired 3.0 times Dead, >

Load, the seismic review team performing the screening evaluation m::y still!

find the support acceptable based on their professional judgment.

For certain supports which do not meet the Limited Analytical Review !

Checks, it may be preferable to strengthen these supports rather than! '

expend resources on more refined analyses and evaluations.
1

When upgrading raceway supports, the utility may wish to use these Limited !Analyticel Review guidelines as the starting point in the design process. :
It is recommended that new designs or retrofit designs use additional
factors of safety, especially for anchorage, since the incremental added

;

cost for larger anchcr bolts is not significant but it leads to '

significantly larger seismic margin.
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8.5 DOCUMENTATION

I

A sumary package should be assembled to document and track the Seismic {
Capability Engineer's evaluation activities. Documentation should include ]
records of the plant areas evaluated, the dates of the walkdowns, the names

,

of the engineers conducting the evaluations, and a sumary of results. ,

Recommended data sheets for the sumary package-are given in Exhibits 8 l'

to 8-3 and are described below. Outlier Seismic Verification Sheets (OSVS) i

are given in Section 5, Exhibit 5 1. |
,

Exhibit 81 provides a Plant Area Sumary Sheet. ' A separate sumary sheet
,

should be completed for each designated room number or plant location where
evaluations are conducted. The' sheet includes reminders, as a checklist,. '

for primary aspects of the. evaluation guidelines; however, the walkdown i

engineers should be familiar with all aspects of.the seismic evaluation !
guidelines during in-plant screening reviews and not rely. solely on the ;

checklist. * 2 Seismic Capability Engineers who-sign these sheets are
ultimatelj onsible for the seismic evaluations conducted.

Exhibit L grovides an Analytical Review Data Sheet for recording :
information on the supports selected as the worst-case, representative i

~

samples, ,

\Exhibit 8-3 provides a Tracking Summary for the Analytical Review Data-
,

Sheets. As items are completed.and resolved, the responsible engineers- ;
should initial the line item on the tracking sheets to confirm final
closure. .

'

Exhibit 5-1 (Section 5) provides an Outlier Seismic Verification Sheet.- !

When collecting these data, the Seismic Capability Engineerstshould record
ample information so that repeated trips to the plant are not required for
final outlier resolution.

Photographs may be used to supplement documentation, as required. When-
,

used as formal documentation for the sumary packages', photographs should
be clearly labeled for identification.

I

L ,

;

'
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Exhibit 8 1 j
PLANT AREA SUMMARY SHEET Sheet 1 of 2

Room No.: Plant Location: ;._

Raceway Designation No.:

-|

Inclusion Rule Review Accentance

Cable Tray Spans: Yes No
-

'
Conduit Spans: Yes -No

Tie Downs: Yes No
'

Channel Nuts: Yes No i

Rigid Boots: Yes No !

Beam Clamps:- Yes No

Cast Iron Inserts: -Yes No- t

Q.tler Seismic Performance Concern Review Acceptance

Anchor Bolts: Yes- No .

Welded Connections: Yes No

Concrete Condition:,,_ Yes No.

O) Corrosion: Yes No I

%-
Sagging Raceways: Yes No

Broken Components and Sharp Edges: Yes. No ,

'Bare Cables: Yes No
4

Cable Fill / Ties: .Yes No
'

Aging of Plastic Ties: Yes No>

System Hardspots: Yes No

Short Rods: Yes No

Seismic Interaction Review Acceptance

Proximate Features: Yes No -

Falling Hazards: Yes No

Differential Displacement: Yes No

Isolated Outliers: Yes' No

Additional Comments:

>
__
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hExhibit 8 1

PU.NT AREA SilMMARY SHEET Sheet 2 of 2
Room No.: Plant Location:
Raceway Designation No.:

Outlier Descrintions

Total No. of Attached OSVS (Exhibit 5-1):
Outlier Not.:

Analvtical Review Suonort Selection

Total No. of Attached Analytical Review Data Sheets:

Selection Hos.:

O

Additional Field Notes

!

CERTIFICATION: (Signatures of at least two Seismic Capability Engineers
are required; one of whom is a licensed professional engineer.)

i

Print or Type Name/ Title Signature Date

Print or Type Name/ Title Signature Date

8-46
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' () Exhibit 8-2

:

ANALYTICAL REVIEW DATA SHEET Sheet of j
i

Room No.: Selection No.: j

Plant Location : i

f
iDescription and Sketch:

e

l

,

4

:

}
,

Reference Calculation: '

:

!,

' Additional Notes: '

!

>

CERTIFICATION: (Signatures of at least two Seismic Capability Engineers
t.re required; one of whom is a licensed professional engineer.)

;

1 i

1

Print or Type Name/ Title Signature Date i
i

i

Print or Type Name/ Title Signature Date
- ;

I

,

)
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h )]Exhibit 8-3

ANALYTICAL REVIEW TRACKING SUMMARY Sheet of |
.

t

|

Room Plant Selection Final Initials / |
Number Location Number Resolution Date

.

i

l

i

.

>

9
1

i

;
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Figure 8-1. Channel Nut.With Teeth or Ridges in
Light Metal Framing Strut.
(Source: Reference 9)
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(a) (D) i
i

'''
/g RGD '900T* RGO '90Cr j, ,

b ! !Y SOLTS WfTH THROUGH 90LT
| |' I | |CHANNEL NUTS

, , ,
i i i i

I I"I I"*~' *~' N, ;N, o

I | | | i

i qvERTicAt:TRur -| j NvERTicAt sTRurSUPPORTING SUPPORTING

| | . cAaLE TRAYS | | CASLE TRAYS

Ibs Ik, v v

O>-< i- >-< ..

-

+c ~ :

237 - 21;^ y(C-
.. 7A

g ;

0
b jfd_ b5 3DN[

,

;

SECTION A A SEcTION B-B .
,

'|
(a) Addition of a Through Bolt (b) Rigid " Boot" Connection Detail !

Corrected the Design Flaw. That Failed in Shake Table Test.
,

i

'
t

Note: The size of the gap is exaggerated for emphasis. *

Any size gap, no matter how small, is a possible
!concern.

Figure 8-2. Rigid Boot Connection Details. (Source: Reference 9)
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VERTICAL |
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SUPPORT
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.
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Note: This arrangement may loosen and slip,
resulting in support collapse.

.

Figure 8-3. Beam Clamps Oriented With Dead L.oad
Resisted Only By Clamping Friction.
(Source: Reference 9)
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CAST IRON INSERT

1

e

' ;2

-
,'

,f'f .' ' , ' . ,
'

. ': '

i

. ' ' , q' '. ., ' ' " " ' . 22:-
..

INSERT FRACTURED AT; -

f
.

2::- |' - END OF PARTIALLY.
i-

'
' ' ' ' ' 6. 22 - ',

THREADED IN ROD -.
>

.,r- - ,; ,Lrf i ,- +e- .,.,.t- ;, .; .

r .r. <r; 'r r:
,

a

THREADED ROD

!

.

' S.$ .]

Figure 8-4. Cast-Iron-Anchorage Detail Thrt Failed !at the Pacific Bell Alhambra !*.ation,
,

1987 Whittier Earthquake. 1

(Source: Reference 9)
<
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.

Note: The short, stiff s7r .. i may attract considerable load from
longitudinal motion during an earthquake, j

,

r
l 1

i

Figure 8-5. Short, Stiff Support In.a Syrtem_
.

of Longer, More Flexible Supports. I
(Source: Reference 9)
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IS THE SUPPORh NOT DUCTILE _ [
DUCTILE OR NOT

~

'

?
.
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DUCTILE .- I
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YES /S THE VERTICAL
CAPACITY CHECK
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?
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'
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'

STATE CHECK OK7
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FOR WEANING OF 4 -*ADJACENr, -| YES 3A.
j- ,, ^ fDO ADJACENINNO - *
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p

REDUNDANCY '
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't
YES

8. 3.9 -

NO F SUPPORT FAILED
& FELL, WOULD IT BE ,

AN INTERACTION
!-

- HAZAR0
| ?

YES

-3- h''

SUPPORT IS NO S . SUPPORT ISFOR THE UP RTACCEPTABLE rm&Fm. AN OUTUER-

4 ?
4

( STOP )' 8A)ECTIO

:

Figure 8-6. Logic Diagram for Limited Analytical Review
of Suspended Raceway Supports.

.

8-54

. . _ . . . _ _ _. . - .a. . . _ . . .n-



i

.
.

Revision 2 . -.

!

$

f%
'.

4 i

-

, _.........._y ., ...__ _. _.

;tI I I. . . , .
.

I l'I

j j_,F' -M.L j jyF f
. : : f: : -" !

-"

. . . .

: :. .: : :
: : : :

'A. ! ! . B .' ':
. -

y e- ,

I

>

- !.
. ....__ 4 .. .........

.,_ ..s ._. .. . _ _ . _ . - ,

I I l' l iI

:j. . . .

: : . .. .:...

q | } _j j '; .d|.- .,

: i i
: i D- i !'- 4. - -

,

A

. { i,_ -. .

v
,

..

''F wp,-. ,

1 g - N' .N6-

;
. . .

.w ,

N ' y''* . . .

('f,1 ) :

r : F. i
.

,

V

't"Mes: * , e and D are ductile connections of. standard catalog, ' light metal. strut
i et e4

Connection ' is a properly oriented beam clamp, conftgured as a pin-ended connection.*

U
Pin ended con ect tons are considered duct tie.

.

* Connection F is n all-around fillet weld on a structural steel angle ~section. 'If
combined weld thi iat thickness is larger than the steel angle flange thickness, this may
be considered a c 'ctile connection.

Connections . .no 0 are ductile if the vertical bolts are into steel members as shown. If
*

the vertical bolts are into concrete. the connections may rot be ductile.and should be -
checked.

Figure 8-7. Examples of Inherently Ductile Raceway
fG. Support Connection-Details and. Configurations.V (Source: ' Reference 9)
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Notes: e Connections A and B are partially welded connection details. Partial welds cannot develop
the plastic moment capaelty of the vertical member, and are considered non-ductile,

Connection C is the non-ductile-rtgid boot connection,o

-Connection D is a rigid moment-resisting frame and should be checked for horizontal .loadv 'Ie

Connections E and F are diagonally braced, and should be checked for horizontal load.e'

Figure 8 8. Examples of Potentially Non-Ductile Connection
Details and Configurations.
(Source: Reference 9)
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Figure 8-9. Rod Fatigue: Bounding Spectrum
Anchored to 0.339, 0.50g,-and 0.759 ,
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(Source: Reference 9) :
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1/4" THREADED RODS
(0.33g,0.50g and 0.75g 2PA s) :

700

.- j

600 -
r

500 - - 3.0 DL Anchor Screen

(- _ _ PEM aid SPEi'ri _ _!L._______m_ __ ______

400 -
_

0.33g

} --
.

;

200 -. 0.50g i
,

i

0.75g

>

0 i i i i i i , i i , ,

0 4 8 12 16' 20 24
_,

+

Minimum Acceptable Rod Length (L,in.) -

>

t

!

l

.-)

Notes: e "V" corresponds to the total dead weight of the support (l'.e., carried by both rods).

"L" corresponds to the clear length above the top tier.*

j:

Figure 8-10. Fatigue Evaluation Screening Chart for
-11/4-Inch Diameter Manufactured All- '

.

Thread Rods. (Source: Reference 9)
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s

"V* corresponds to the total dead weight of the support (i.e., carried by both rods).Notes: *
. ,

"L" corresponds to the clear length above the top tier.o
- , -

Figure 8-11. Fatigue Evaluation Screening Chart for,

- ] 3/8-Inch Diameter Manufactured All-
'

-Thread:R0ds. (Source: Reference 9)
L
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|

|

1/2" THREADED RODS-

(0.33g,0.50g and 0.75g ZPA s)
3

,

-]

2.8 - .f
f.1,

2.6 - -

'

2.4 - . !{
0.33g I !2.2 -

{ 2- }
1.8 -

'

1.6 - .j
i^~

3.0 DL Anchor Screen '

1.2 - 0.50g
(@ WaW4 capee_ _d ----.

. 3-

- 0.8 -
0.75g *

0.6
,.,?

0.4 - 1

0.2 - .t

0 i i i i e i. _i
0 10 20 30 , 40

Minirnum Acceptable Rod Length (L,in.)

.

|

|

i
,

Notes: * "W" corresponds to the total dead weight of the support (i.e., carried by both' rods), '

"L" corresponds to the clear length above the top tier.*
;

-i

,1

Figure 8-12. Fatigue Evaluation Screening Chart for
1/2-Inch Diameter, Manufactured'All-

| Thread Rods. (Source: Reference 9)

!
*
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q,
..

.! I

'u .

.

-i

;

!

5/8" THREADED RODS- i
;

(0.33g. 0.50g and 0.75g 2PA s) . |
4.5 i

r

4- i
!

0.339
.,,

f
3.5 - !

f.
-

&
.

.{. 3-
,

.

'
2.5 -

0.500 i
2- >

3.0 DL Anchor Screen i

_ _ _ _ !dth,Mgn,/1cj|gac|g,, , _ , , ,, |

|
_______________

1.s - >

7,

! \ 0.750
1- : |

0.5 - I

I
O i i i , .i i i .i -;

I O 10 20 30 ;40
$

I Minimum Acceptable Rod Len0th (L,in.)

j
| -

|'

\

.

)Notes: e "W" corresponds to the total dead weight of'the support'(1.e., carried by both rods). 1

l
<

. L" corresponds to the clear length above the top tier, i
"

e

!
i

|-

|

.IFigure 8-13. Fatigue Evaluation Screening Chart for ip/' 5/8-Inch Diameter Manufactured All- tw Thread Rods. (Source: Reference 9). I
i

.)'
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a

'

h.

3/4'' THREADED RODS :-

(0.339. 0.50g and 0.75g ZPA s)
7

!

6--

0.33g

h'S- ,

t ,

- 4- -

, ,

f 0.50g -

3-
..

j

< 0.0 DL Anchor Screen ,

' (with MeatV4 capacity)

'f 2 - 0.75g

,

1-
,

1i

!

j0 , , , . ,

0 20- 40 I ;

' Minimum Acceptable Rod Length (L,In.) 'l

|

!

1, N

a

Notes: e "V" corresponds to the total dead weight of the support (i.e., carried by'both rods).

"L" corresponds to the clear length above the top tier.*

->-.

l

i

Figure 8-14. Fatigue Evaluation Screening Chart for
3/4-Inch Diameter Manufactured All-
Thread Rods. (S0urce: Reference 9)
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'

DOCUMENTATION
l

'l
9.0 INTRODUCTION-

The purpose of this. section is.to describe the various types of documents - j
1which should be generated for the USI A-46 program and-how they relate to

.each other. This section"also describes the' types _ of'information which j
'

should be submitted to the NRC.

The following four major types of. documents are described in this :section.

Safe Shutdown Equipment List (SSEL): Report- . -

Relay Evaluation Report. ,

Seismic Evaluation Report. ;

Completion letter*

V ir

The relationship between these documents.and the~ time sequence .for
preparing them are illustrated in Figure-9-1. This figure also shows other
minor documents which should be prepared to supportLthe above four major
documents. ;

,

The extent of documentation required in this> sectionLis limited. The:
underlying reason for this is that the seismic- evaluations arc ~ to' be done -
by highly-qualified individuals who.have been trained in the'us'e- and'
application of the GIP. for example', Seismic Capability Engineers.should

~have the background, experience, and training to make engineeringEjudgments'
during the' plant walkdown and thus avoid having to develop large quantities'
of backup documentation ~ to record every decision made in applying-this:
procedure. These Seismic Capability Engineers are then held! accountable-

:

'

for _the scope, accuracy, and completeness. of the Screening Verification' and
* Walkdown-process by having all the engineers on the 'SRT certify that the

1
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PLANT OPERATIONS '5r 3
. DJE *$'Sy" $ ?' !| 3SEL REPORT :

' J OPERATING PRMDURES
1NERENTLY RUCCED COUtpsENT - - -- - . ~ .. ~ .. .. ~ .. m

ANO OTNE* EQWal[NT DCLUDCD ITL SSLL i
M TW 901nrWFUCN :
DO NOT NEED S($WC OR . '

SOSWIC REMEW SSR '~ '~ )_ ,naAr REwW
,

[ ,!'A-# (WPWENT NOT AirrcTtp : r pggy pggg, $3g .
BY REUv5 (SAtTTY VAMS, KMs. | >

. TANK 3, etc) |\

| NACTW toutPMENT WNtCH SNotA.D - ;

RcCrn stewc AND Rcur newtw { _ ;
1 . .

: pass a to w erNT wuOst
'

; >

I MOVERTANT ACTLMTKW Br R[ LAY *'

AMLTUNCTION 6 UNACCEPTABLE . %-..-..-..-.--..~.. .. J
:: I'. (R[QlARC$ R[LAr R(MEW.QNL y) . L_ J'

r ,
,

RELAY EVALUATION REPORT '

't ;
r m

INCLUDES:

I- * LIST C' EQUIPMENT ON RELAY REVIEW SSEL

e RESULTS OF FUNCil0NE $CREENING OF RELAYS i
WHICH AFTECT EQUlPMENT ON RELAY REVIEW SSEL )

,

. .2
e UST OF ESS(NTIAL RELATS h

e RESULTS Or CAPACITY EVALVATION OF
. ESSENTIAL RELAYS

| e UST OF OUTUERS AND PLAN FOR RESOLVING THEW
L J <

i

l
- LIST Dr CABINETS / PANELS WHICH HOUSE |
'

ESSENTIAL RELAYS ?, ,

5

' '
TO NRC

r 7
'

UST OF ESSENTIAL RELAYS, INCLUDING J
-

RELAYS SCREENED USING SW1TCHGEAR DATA -)
8EISMIC EVALUATION REPORT - 1

'
- LIST OF ANY LOW RUGGEDNESS RELAYSI

INCLUDES: ' '

USED IN ESSENTIAL APPUCATONS -

e DESCRIPTION OF SSE .
. ,

o DESCRIPil0N OF SAFE SHUTDOWN PATH ; RES
MOUNT G

e UST OF EOutPMENT ON COMPOSITE SSEL

* RESUMIS OF SRT WEWBERS

* RESULTS OF StiSWIC REVIEW ON SVDS FOR ALL
EQUIPMENT ON SOSWIC i(EVIEW SSEL

j

e RESVLTS OF . TANKS AND HX REMEW s

e RESIATS OF CABLE TRAY REVIEW

e LGT OF OUTUERS AND PLAN FOR RESOLVING THEM
'

L J ,

?

i rJi ,

$UPPORTING DATA PACKAGE $ #-
HTO NRC RESOLUTION OF

SOSWIC DESIGN BAS!S OF QUTUERS
PLANT, SEWS, CALCULATIONS, M 1

1DRAWINGS, PHOTOGRAPHS > '

FOR EQUIPMENT ON
SOSWIC REMEW $$EL

1 P

COMPLETION LETTER
,.

NODFICATION THAT Aa
PLANNED ACTIONS FOR
USI A-46 ARE COMPLETE.

y |
TO NRC l

Oj
Figure 9-1. Documentation for USI A-46. )
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0 results of the Screening Verification and Walkdown are correct and:1

Q): .

. ;
< -- accurate. One of these signatories should also be a licensed professional- j

engineer. !

9.1 SQUG COMMITMENTS

Members of2 SQUG adopting the Generic Implementation ~ Procedure for.USI A-46 .

resolution commit to the following in-regard to documenting and reporting:

d|to the NRC-the results of,the' safe' shutdown equipment identification, the'
screening verification and walkdown, the relay evaluation, the- tanks .and .
heat-exchangers review, the cable and. conduit raceway review; and the 1

outlier ~ identification and resolution. |
>

,

The licensee will submit to the NRC|the following.plar.t-specific
information for resolution of USI A-46,

1. Description of th'e safe shutdown patn(s) chosen for USI A-46'.

(d 2. A summary of the main steps in the plant _ operating procedures
used to bring the plant to a. safe shutdown condition.-

,

3. List of the equipment on the Composite SSEL.

4. List of equipment on the Seismic ~ Review SSEL.

5. List ~of equipment on the Relay Review SSEL.t

6. Descriptien of the SSE used in the~USI A-46: program.
-

.

7. Qualifications of the Seismic Capability Engineers and the Lead fR91ay Reviewer.

8.- Results of the Screening Verification and Walkdown for mechanical i
and electrical equipment.

,

.

.O 9-3
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9.- - List of essential relays,- including their plant identification: <h 'numbers, when available,. the manufacturer's model number, and the.
' floor elevations in the plant where the relays are-mounted. The

,

manufacturer's' model number should include;any submodel
designation or other reference which can be used.to uniquely
identify the GERS or the-vendor qualification analysis or test. -

data which is used as the' basis-for the seismic capacity of the- 1

relay. :
,

10. - Results of the. functional' screening of< relays which affect? 5

equipment on the Relay Review SSEL.- +
4

1

11. Results of the tanks and heat exchangers| review.

12. Results of the cable' and conduit-raceway ~ review.

13. Description' of the' outliers. arid' any' deficiencies. .
|

14. Proposed = schedule for ' complete; resolution, future' modifications
:and replacements, or 'a simple'st' tement' explaining why; correctivea

modifications or replacements of outliers will not be made.,
,

. After all. planned actions to resolve outliers are complete,1 the utiIity
.will inform.the NRC of-this fact by. litter.

.

"
.

9.2 SSEL REPORT
.

The Safe Shutdown Equipment: List (SSEL): Report and: supporting documents :i

should describe the overall approach used Lihithe' resolution of USI;A-4' for;6 -

shutting down the plant following a postulated safeLshutdown earthquake|-

-(SSE). The systems selected for ~ accomplishing each of:the four safe'-
|

shutdown functions, and the basis for selecting them should.be. summarized' I
1in this report.

.,

The equipment selected within these systems'.should be: identified and '
. included on three types of SSELs which are described' below. l

The _ Composite SSEL should contain all of; the equipment needed during'.
'

safe shutdown which could have an ~effect on accomplishing the:four.
safe shutdown functions described in Section 3. This includes-

,

| equipment which should-be evaluated for seismic adequacy and equipment
:

.

|

!

'
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'

L for which relay chatter could cause inappropriate operation. -Other
L'- equi) ment in the; safe. shutdown' systems may also be' added to this SSEL .;
'

at tie option of the utility.
3

L The Seismic Review SSEL is a subset of'the Composite SSEL and contains.

L ~ ll of the mechanical and electrical equipment and the tanks and-heat 1 ;1a
"

exchangers for which a seismic evaluation should be done as described
{in. Sections 4 and 7, respectively.

The Relay Review SSEL is a subset.of the. Composite SSEL' and contains' -I.

all of the mechanical and electrical equipment for which relay chatter;
could cause inaparopriate operation. This-list:is the starting point- '

for performingztie Relay. Functionality Review described in Section 6. : !

'

The SSEL Report should also describe the method used by the Operations
Department _ for verifying- the compatibility of.the SSEL with the_ plant:
operating-procedures'. .

:

!

-

a

The information from the SSEL Report _ which should_ be-sent to thel NRC is:
~

listed below.- Note that it is not necessary to submit the SSEL Report" {
| itself. The information listed below may be '_ included with:theLRelay; |

Evaluation Report or th'e Seismic Evaluation Report. !

i

Description of the safe shutdown path (s). chosen'for USI A-46..-

List of equipment included on the.-. Composite SSEL..

List of equipment includeri on the' Seismic Review SSEL. --.
,

List of equipment included on the Relay Review SSEL. |
.

'.

A summary of the main steps in the plant operating' procedures used to !.

bring the p1 ant to a safe shutdown condition and the results.of the
plant Operations Department review of-the SSEL against;the plant

~

:operating procedures. -

,

- +

1

q
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9.3 RELAY EVALUATION REPORTl |

!LThe:information which 'should be documented for the Relay- Functionality ^
t

' Review (Section 6) is. l.isted below.- ,

>

d
Identification: and listing of 'all the- safe shutdown _ equipment' foru

'

.
-

which a relay evaluation should be 'done..

Rdsums of Lead Relay Reviewer.- h.
.

3

Identification and. listing of all relays or. groups of relays which- |.

affect the; operation of the' safe shutdown equipment.- The-

documentation should be sufficiently detailed such that a revie'wer can i

trace the. conclusions reached regarding the effect of relay-
~

4

malfunction on operation of any nfe shutdown item of equipment. The-
- relays (including all contact- devices) which are: screened out, because:
chatter is acceptable. .or'by useLof the other screening approaches
which do not require relay-specific evaluation',- do not need to be

,

,

identified individually. Only the essential relays which require- *

relay-specific seismic capacity evaluations need to be individua11yi
~

identified.

Identification of relays screened out=using.switchgear GERS..

List of any low ruggedness relays, used in' essential! applications...

.

Functional screening and capacity evaluation results..

Identification of cabinets, panels and other enclosures which house.

essential relays. 4>

.

Results of walkdown spot checks..

l . Description of the outliers.
,

s

Recommended corrective actions..

The Relay Evaluation Report to be submitted to the NRC should contain the
following information. (Note: Some of the information from the SSEL
Report may also be ' included in this report.)

Results of the functional screening of relays which affect equipment.

on the Relay Review SSEL. i

9-6
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[9) List of essential relays including their- plant-identification number,:.
-

- the manufacturer's model number and the plant floor elevation where- -

the relay is mounted. -The manufacturer!s model number should-include
any submodel designation or.other' reference which can be used-to:
uniquely identify the GERS or the vendor qualification analysis or
test data which is used as the basis for the seismic capacity of the
rel ay.

Results of seismic capacity evaluations. of essentia1 Lrelays.-.
:

Description of-the relay outliers.. -

Proposed schedule for complete resolution, future modifications and-..

replacements, or justification for not performing corrective: !

modifications or replacements of relay outliers.
,

After submitting this information to the NRC, the utility may' use. normal
methods ~ for implementing and tracking | licensing commitments for resolving '

. outliers. t
t

9.4 SEISMIC EVALVATION REPORT

As a result of the screening evaluations described in Sections- 4, 5, 7,' and

8, the following information should be documented:,

(
. Description of the seismic design basis of plant including SSE ground-.

and-floor response spectra, description of the earth on which:the '

plant is founded; e.g., rock or soil; effective grade of plant, etc. 4

List of the equipment on the Seismic Review SSEL..
>

R6 sum 6s of Seismic Capability Engineers,|
.

Checklists (SEWS), notes, photographs, drawings, calculations, etc..g

L used to back up the Screening Verification and Walkdown (ontional).

|
~

electrical equipment on SVDS forms.
Results of the Screening Verification and Walkdown for mechanical and |

.

L +

Results of the tanks and heat exchangers evaluation..

Results.of the cable and conduit raceway review including-the basis.

for identifying which raceway systems support the electrical, control, !

,

and instrumentation cable for safe shutdown equipment.

9-7
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Description of the outliers on 0SYS forms..

Results ofrengineering evaluations,- tests, calculations, and equipment- j.:

modifications and-replacements used to resolve outliers. H-

|

The Seismic Evaluation Report to be submitted to the NRC'should contain the
following information. (Note: Some.of the information from the SSEL
Report may also be included in this report )' ].

-
-

- . .. U

DescriptionoftheSafeShutdownEarthquake-(SSE)(usedintheU31A-46e
y

program..

Rdsumds of the Seismic Capability Engineers, l.

Results of the Screening Verification and Walkdown for mechanical and.

electrica1' equipment. 4

Results of the tanks and heat' exchangers review.-.

Results of the cable and conduitTraceway review. ' I.

Description of the equipment outliers. r.

Proposed schedule for complete resolution, future modifications Land.

replacements, or justification for not performing corrective?
modifications-or replacements of equipment. outliers.

3

After submitting this information'to the NRC,.the utility may use normal ~ !- -

methods for implementing and tracking / licensing commitments for resolving
outliers.

.

9.5 COMPLETION LETTER

A completion letter should be sent to the'NRC advising them that any
corrective. actions identified in the Rolay Evaluation Report and the- q
Seisnc.c Evaluation Report or any corrective actions agreed to with the NRC
Staff as a result of other related correspondence have been completed,

i j

l
|

l

|

1
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PROCEDURE FOR.
*

IDENTIFICATION OF SAFE SHUTDOWN EQUIPMENT-

!

A.l' INTRODUCTION ~
;

The purpose of' this appendix'is'to amplifylthe method _ described in

Section 3 for identifying safe shutdown equipment. This is done by:: -(1)
describing typical alternative methods for accomplishing a safa shutdown
for a pressurized' water reactor..(PWR) (Section'A.2) and for-a boiling'. water

.

-reactor (BWR) (Section A.3), and by (2) describing a step-by-step procedure: :-

for ' identifying the_ individual. items of equipment and documenting .the _ -[
results (Section A.4).- -i

.

A.2 DETAILED DESCRIPTION OF SAFE' SHUTDOWN ALTERNATIVES FOR PWRs !

Pressurized water reactors (PWRs) typically have several paths or methods

which can be used to bring the. plant to a safe shutdown condition. : Typical
\ alternative methods for accomplish.ing the four safe shutdown | functions - !'

(reactor reactivity control, reactor. coolant pressure. control,- reactor ,

a
coolant inventory control, and decay heat' removal)- are described in'' detail
for PWRs in this section.,

1
)

II

A.2.1 Reactor Reactivity Control (pWR)

1

The safe shutdown alternatives for' accomplishing the reactorfreactivity
control function for PWRs are illustrated in the block diagram:showngin~ q
Figure ~A-1; these_-alternatives are described below.

]
Generally, nuclear plants have two methods for controlling reactivity.=Thet

primary method for shutting down the nuclear reaction (inserting negative
J

reactivity) is by control rod insertion (SCRAM). A second method is the

g A-1
D q

-,,

: !
>

. . - . . - - - . . .- _ . . .
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REACTOR REACTIVITY:

CONTRO1 (PWR)

_______________ _______.________

Initial and Continued Control

v

. CONTROL ROD
INSERTION

------.---_____ _______________
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CVCS INJECTION .HPCILINJECTION
OF OFJ

BORATED WATER BOR ATEDi WATER'

U R

U

lFigure A-1. Safe Shutdown Alternatives for Reactor 'lReactivity Control of PWRs.
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O rapid addition of liquid neutron poison, typically boron, to the reactor -
~

'

o coolant; this. method. requires a minimum of 10 to:15 seconds to inject- !
t

h sufficient neutron poison into the reactor coolant; system to.make the coreE {
~~

[ subcritical without control' rod insertion. While both methods are- '

- available for emergency shutdown, it is considered: that,, from a practical 1.

- standpoint, fast control' rod insertion (SCRAM)'. should be available for ;2

| initial reactor shutdown during and after an earthquake; therefore,-the. ;
I control: rods and associated control rod-insertion mechanisms and systems

,

'

are considered essential for safe shutdown. Since reactors _are designed to : '

'shut down with une control rod not inserted, this method. meets the. single.
failure criteria. .

>

iIn addition to-control rod insertion, reactors also typically require
supplemental'long-term reactivity control by the addition'of liquid-poison

s

'!to tho reactor coolant system. This long-term' control is needed to-
compensate for the combined effects of positive -reactivity increases; '

resulting from Xenon-135 decay and reduction of-the reactor coolant'

tempereture. Note that some plants may need to compensate for significant. '

reactor coolant temperature decreases to get to the hot shutdown mode. Two

methods are typically available for' injection of. borated water 'into.th'e
reactor coolant . system to compensate for these long-term,; positive .
reactivity effects. These safe shutdown-alternai.ives include injection via~

'

the:

Chemical and Volume Control System (CVCS), or.
.

High Pressure Coolant Injection (HPCI) system. I.

, ,

i

A-3 j

1
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O :]REACTOR COOLANT-
PRESSURE CONTROC (PWR)

1
l

________ _ _ ._____

Decrease Pressure.
,

4

V

j
1

i

U U : U U
-; i

PRESSURIZER ' RHR-SRV -

PRESSURIZER' PRESSURIZER'
SRV. DISCHG. DISCHARGEPORV ' AUXILIARY

(At -SRV' Set Point (At SRV Set PointDISCHARGE . SPRAY ,
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Pressure _- Only) =
;

II 'JI jf If

'

. . .

g'Increase -Pressure
U

i

U U 'H - U
; i

(- .]

CVCS HPCI . PRESSURIZER- LPCI . FEED
FEED FEED- ' HEATERS (Low Press Only)

~

L)

|

H U .~ [P j '

U

E
|

,

.;

Figure A-2. Safe Shutdown Alternatives for Reactor Coolant &lPressure Control of PWRs. W n
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A 2.2 Reactor Coolant Pressure Control-(PWR)

The' safe shutdown alternatives for~ accomplishing the reactor coolant f
pressure control' function for PWRs are illustrated;in the block diagram -

,

shown in Figure A-2; these alternatives are described below along_ with. .,

'
the conditions under which they can be used. _There are various~

'

pressure-temperature limits which should not'be. exceeded in the reactor
coolant system of PWRs. .iThese are illustrated in Figure' A-3 where the |

|

unshaded area.in the. center of the figur~e.is the' Operating Region for'.the? .

reactor coolant system during' and following' an1 earthquake while the: reactor
coolant pumps are not operating:(loss of, offsite power.isiassumed). The ~!

shape of the curves and the values of pressure- and temperature are ' ;

approximate. ' Actual; plant-limits'may be different. ,

3

-,

The methods.which can b'e used to avoid exceeding the pressure-temperature-

limits are illustrated in Figure-A-3 by arrows'within the Operating Region. '

These arrows indicate the direction of change ofLthe pressure =and
,

f temperature when one of tt indicated systems or methods,is'used to avoid- '

exceeding ~the limits.

The. discussion below explains 'the various pressure-temperature limits-

and the methods which can be used-to. avoid them -
1

The reactor coolant system desian oressure (about'2500 psia) is the
upper limit on pressure. The pressurizer safety: relief valves (SRVs)-

have the capability to prevent this limit from being exceeded. . ' Also, the-

power-operated relief valves'(PORVs) on the pressurizer can be used to
lower the pressure throughout the Operating Region from 2500 psia down to
ambient pressure. In addition, reactor coolant system pressure can be
reduced by spraying water into the steam space of the pressurizer using an

1

i

*

!
I

l

.. . - . .-. - - .
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( auxiliary epray system. (Normal spray is not available since the-
,

" reactor coolant pumps are not running due to the assumed loss of offsite |

power.) )
|
,

The subcoolina maroin is another limit on the reactor coolant system |
pressure (and temperature). It is required to avoid formation of a |

steam bubble within the reactor vessel. This limit, shown in Figure A-3, |
'

1s typically about 50*F of subcooling from the saturation line; this
amount of subcooling margin is used during natural circulation ' decay }
heat removal with the steam generators at secondary side pressures above }
about 250 psia. Less cubcooling margin (about 15'F) is needed below !

this pressure to maintain sufficient net positive suction head (NPSH)'on i

the low pressure residual heat removal punes. ,

,

- -

The subcooling margins can be maintained by increasing the pressure of the '

reactor coolant system. Above the maximum operating pressure of the
f

residual heat removal system (RHRS) (about 250 psia), the chemical and
volume control system (CVCS) or the high pressure coolant injection (HPCI) !
systee can be used to inject water into the reactor coolant system and !

'

thereby compress the steam bubble in the pressurizer and increase ~ the !
system pressure. As an alternative, the saturation temperature of the j

reactor coolant in the pressurizer can be incree. sed via pressurizer heaters 1

and thereby raise the pressure. At lower pressures, the low pressure '
.

coolant injection (LPCI) system also can be used. Note that injection of
3

cool water into the reactor coolant system also slightly reduces the i

overall bulk temperature of the reactor coolant Ac the water is cooled, !

| it contracts slightly; this is shown by the leftward leaning ^ arrows I

peinting upward from the subcooling margin line, t

i
l !

Another method of maintaining adequate subcooling margin is to decrease| t

h the temperature of the reactor coolant system by increasing the rate of f

L decay heat removal as described in Section A.2.4, Decay Heat Removal i
'

(PWR). For pressures above about 250 psia, natural circulation decay
!

p A-7O
,

,

t
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heat removal via the steam generators-(SGs) can be used. For pressures
lower than this, the residual heat removal system (RHRS) can be used. |

1

The reactor vessel brittle fracture limit is another limit on reactor |
!coolant system pressure (and temperature). This limit can be avoided by

lowering the reactor coolant system pressure by,the same methods described
]

earlier. !
:

i
'

Sigam cenerator (SG) tube differettial cressure (delta P)' limit is another - l
limit on reactor coolant system pressure (and temperature). This limit'can
be exceeded by overpressurizing the ID of the'SG tube with the reactor

3

coolant system without sufficient balancing pressure-on the OD'of the tube !

for a given temperature. This' limit'can be avoided by lowering the reactor
coolant system pressure using the same methods described in the previous i

paragraphs. . |

!One other method of avoiding the reactor vessel brittle fracture limit and
the SG tube delta P limit is to allow the temperature of the reactor-
coolant to rise by reducing the steam generator (SG) cooling.- This method
is illustrated by the dashed arrow pointing to the.right in the operating
region of Figure A-3; this arrow is sloping upward to show.that as the
reactor coolant gets hotter, it also expands and increases the system
pressure slightly.

The residual heat removal system (RHRS) desion oressure.(about 400 psia)
should not be exceeded after the residual heat removal system has
been connected to the reactor coolant system. In addition to all of the

'

!

methods described above for lowering the reactor coolant system pressure,
the safety relief valves (SRVs) on the RHRS also cen be used when the RHRS

is connected to the reactor coolant system.- Note that it'is not necessary
to use the RHRS unless the plan' elects to go to cold shutdown.

A8

|
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.

A.2.3 Reactor Coolant Inventory Control (PWR)

!

The safe shutdown alternatives for accomplishing the reactor coolant f
inventory control function for PWRs are illustrated in the block diagram

^

shown in Figure A-4; these alternatives are described below. >
;

| The invento*y of the reactor coolant system is controlled by feeding !
;water into the system and by minimizing the loss of water from the

various openings in the system. Note that the alternatives for reactor f
coolant inventory control are directly related to some of the

!;alternatives for reactor coolant pressure control, e.g.. adding water to
the reactor culant system increases the system pressure while removing
steam'(decreasing inventery) decreases the pressure. Therefore many of i

the same alternatives are used for both of these safo shutdcwn' functions.

Feed Into the Reactor Coolant System (PWR). Typically, there are three I

safe shutdown alternatives available for feeding the reactor coolant
system: ;

;

Chemical and kolume Control System (CVCS), ie

High Pressure Coolant Injection (HPCI) system, oro .

;

Low Pressure Coolant Injection (LPCI) system (at low pressuree

only). -

The CVCS and HPCI systems can be used to control the reactor coolant

inventory at both high and low system pressure. The HPCI system in some f
plants does not have the capability to inject reactor coolant' at normal l

l system pressure (about 2250 psia) but can do so at a somewhat' lower :

pressure (about 1600 psia). The LPCI system can only inject reactor !

coolant into the system at pressures below about 250 psia, depending |
upon the plant-specific design. '

I

A-9
,

;
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figure A 4. Safe Shutdown Alternatives for Reactor <

Coolant Inventory Control of PWRs.
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Discharae From tt.e Reactor Coolant System (PWR). There are several paths' ;

through which reactor coolant can leave the reactor coolant system. Listed ,

below are typical discharge paths which should be controlled to minimize '

loss of inventory:

3RGactor Coolant Pump Sea 1 Leakoff, 'e

Normal and Excess Letdown Paths,e

Pressurizer Power-Operated Relief Valves (PORVs),e
;

Pressurizer Safety Relief Valves (SRVs) (only at pressures at or Ie

above the SRV set point), and ;

Other Vents and Drains.e

i
i A.2.4 Decay Heat Removal (PWR)

,

!
,

The safe shutdown alternatives for accomplishing the decay heat removal - !

function for PWRs are illustrated in the block diagram shown in |
Figure A-5; these alternatives are described below.

.

tWhile the reactor coolant system is at high pressure the steam generators :

can be used for removing decay heat from PWRs. After the reactor coolant l
system pressure is lowered sufficiently, the residual heat _ remov' al system ' !

can also be used,

i

i

|
'

:

| 1

3

1 Note that the reactor coolant pump seals may need a supply of water
for cooling (closed cooling, injection, or both) to maintain their

.

integrity while the reactor coolant system is at elevated pressure, j
,

If these services are not included in the selected safe shutdown i
approach, the consequences of seal failure leakage should also be i
addressed with adequate makeup capacity.

[

$
A-ll

,

.

b
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Figure A-5. Safe Shutdown Alternatives for Decay
Heat Removal of PWRs.

A 12
,

. . _ _ _ . . _ . _ . -



- - -

!

Revision 2 |

;

To remove decay heat via the steam generators, it is necessary to establish

natural circulation of reactor coolant between the core (heat source) and -|
the steam generators (heat sink). It is assumed that the reactor coolant ;

pumps are unavailable since they rely upon the use of offsite power. !

Natural circulation normally requires the reactor coolant to be subcooled' !

to minimize void formation within the reactor vessel (as described in |

Section A.2.2, Reactor Coolant Pressure Control). After natural. :

circulation is established, heat can be removed from the reactor coolant by |
boiling the feedwater on the secondary side of the steam generators. The j
steam generated from this boiling can be discharged to the atmosphere j
through the main steam atmospheric steam dump valves. The main steam I

safety valves (SRV) also can be used to discharge steam if _the secondary |-

side pressure is allowed to go up to the SRV set point. Condenser steam j
dumps are not available due.to the assumed loss of condenser circulating !
water pumps, which are driven from offsite power. |

!

Makeup feedwater can be supplied to the secondary side of the steam |
generator via the emergency / auxiliary feedwater (AFW) system. The

condensate storage tank (CST) is the preferred source of auxiliary |

feedwater with the service water system (SW) typically available as a ;

backup. i
,

I :

The reactor coolant temperature and pressure can be-lowered by manually- -;

lowering the steam generator secondary side pressure using the atmospheric
steam dump valve. In some plants, decay heat removal via the steam. :|

generators can continue at low reactor coolant system pressure and i

temperature; however, in other plants, it is difficult to continue this j
natural circulation mode of decay heat removal after the reactor coolant !

system pressure and temperature have dropped below about 250 psia and i
350*F. In these cases a low pressure decay heat removal system can be

,

used.
,

;

!

i

,

1
:
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|If it is pre erred (or required due to certain plant limitations) to bring
the plant to a cold shutdown condition, the residual heat removal system
(RHRS) can be used to remove decay heat from the core after the reactor i

coolant system pressure and temperature are typically below about 250 psia
and 350'F. There is considerable variation in the design of this system
both among reactor vendors and as a result of evolution of each vendor's j

design; however, this system typically consists of pumps which take j
'

suction from the reactor coolant system, circulate the water through heat |
exchangers, and inject the water back into the reactor coolant system. '

Heat is transferred from the RHRS heat exchangers to the closed loop, |
component cooling water (CCW) system which has its own set of pumps for
circulating water. ' Heat is transferred from the CCW system to the

;

service water (SW) system.in another heat exchanger-and from there to
the ultimate heat sink (lake, river, atmosphere).

t
'

A.3 DETAILED DESCRIPTION OF SAFE SHUTDOWN ALTERNATIVES FOR BWRs
i

Boiling water reactors (BWRs)' typically have several paths or methods
which can be used to bring the plant to a safe shutdown condition.
Typical alternative methods for accomplishing the four safe. shutdown
functions (reactor reactivity control, reactor coolant pressure control,
reactor coolant inventory control, and decay heat removal) are described in

'
detail in this section for BWRs.

>

.

| A.3.1 . Reactor Reactivity Control (BWR) '

L
.

i

The safe shutdown alternative for accomplishing the reactor reactivity ;

control function for BWRs is illustrated in the block diagram shown in j
Figure A-6. Although two independent methods are available for. reactivity-

!

>

A-14

:

_ - - . . , _ _ _ ._ _ _ . . _ _ _ _ .. . . _ . . . . _ , _ . A. __ . . _ .-



__ _ _ . _ . . . _ ..

Revision 2 f
!

.!

!

REACTOR REACTIVITY CONTROL (BWR s) !
i

i
,

- !

!

i

i

;

!
i
P

!
u

!

:
k

CONTROL ROD i

'!
DRIVE '

SYSTEM '

O i
P

!

r

I

:
.,

I i

.

t
!

j f
'

:

!
t

!
>

|

t-

Figure A 6. Safe Shutdown Alternatives for Reactor :

Reactivity Control of BWRs.. i
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cratrol during reactor shutdown conditions, control rod drive system and
standby liquid control system, the control rod drive system is the ;

preferred method, i

Control Rod Drive System (BWR). The control rod' drive (CRD) system is the j
primary method of reactivity control and is the only method capable of !
rapid shutdown (SCRAM) of the reactor or operational control.of fast j
reactivity transients. For this reason, the CRD system is considered an )'

essential safe shutdown system. The CRD system is used to manually
~

position neutron absorbing control rods in the reactor core and acts ;

automatically to rapidly insert the control rods when required.
1

i

The CRD mechanism consists of a double-acting, mechanically-latched, '

hydraulic cylinder which uses demineralized water from the condensate

storage tank or condenser hotwell as the operating fluid. A separate
,

hydraulic control unit is provided for each individual control rod. The

CRD hydraulic system supplies and controls the pressure and flow
requirements to the drive mechanisms.

Each CRD drive mechanism is connected to a SCRAM accumulator tank
'

( pressurized with nitrogen. The SCRAM accumulator. tank stores sufficient

energy to fully insert the control rod . independent.of any other source of i

energy; i.e., pneumatic, AC, or DC power. During SCRAM,. accumulator i

pressure is admitted below the drive piston and the volume over the drive
piston is vented to the SCRAM discharge volume tank. The large !

differential pressure across the drive piston produces a large upward force
on the control rod to insert the control rod into the core. '

i

-

,

I'
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Standby Linuid Control System (BWR). The standby liquid control (SLC)
system provides a backup method of reactivity control. The SLC system will |

shut down the reactor from full power to cold shutdown in the event the j

control rods are inoperable. The SLC system is manually initir.ted from the ;

control room and pumps a neutron absorbing solution (sodium pentaborate) !
into the reactor vessel. The injection time is approximately 1 to 2 hours,
depending on the pump capacity and the amount of solution in the tank. The. I

SLC system is only required to shut down the reactor at a steady state
within the capacity of the normal shutdown cooling systems. The SLC system i

is not capable of rapid shutdown (SCRAM) of the reactor or operational |
control of fast reactivity transients. Since the CRD system is required I

and is sufficient to achieve and maintain reactor shutdown in BWRs during
,

and after an
i

; earthquake, the SLC system is not considered an essential safe shutdown '

system in BWRs.
!
i

A.3.2 Reactor Coolant Pressure Control (BWR) '

;

The safe shutdown alternatives for accomplishing the reactor coolant j
pressure control function for BWRs are illustrated in the block diagram ;

shown in Figure A 7; these alternatives are described below. !

s

Overpressure protection of the reactor coolant system is provided by ;

safety relief valves and safety valves located on the main steam lines
;

I in the drywell. The safety relief valves are self-actuated by the
reactor coolant system pressure to open at their set relieving

.

pressure. Typically, the safety relief valves are set to open at a lower y

pressure than the safety valves. The safety relief valves discharge '

steam directly to the suppression pool. Also, they may be actuated i

remotely from the control room to open at lower pressures to

4

a
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Figure A 7. Safe Shutdown Alternatives for Reactor
Coolant Pressure Control of BWRs.
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j

depressurize the reactor coolant system so that low pressure systems can be
]

used for reactor coolant inventory control and decay heat removal.
|

In addition, some of the safety relief valves open autcmatically during !

certain LOCAs in the' event the high pressure core cooling systems are |
unavailable or are unable to maintain acceptable reactor water level

,

above the core.

The safety valves are. spring-loaded valves which are self-actuated by i

the reactor coolant system pressure to open at the set relieving i

pressure. The safety valves are set to open at'a higher pressure than .

the safety relief valves, and, in conjuction with the safety relief [
valves, protect the reactor coolant system from severe pressure
transients. The safety valves generally discharge to the drywell. [

;

Safety valves on the low pressure residual heat removal system also can j
be used during low pressure decay heat removal to prevent the reactor,

coolant system pressure from exceeding the design pressure of the low
pressure system.

A.3.3 Reactor Coolant Inventory Control iBWR) [

The safe shutdown alternatives for accomplishing the reactor coolant

inventory control function for BWRs are illustrated in the blocA diagram |
shown in Figure A 8; these alternatives are described below.

During reactor shutdown conditions, makeup water to the reactor coolant
;

system is required to replace steam released through the safety relief
valves and safety vaives, to make up.for leakage from the reactor coolant !

system (i.e., recirculation pump seals,- normal unidentified leakage, etc.),
and to compensate for the contraction of the reactor coolant system volume
due to cooldown. The following high and low pressure systems are available
for supplying makeup water to the reactor vessel.

1
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Figure A-8. Safe Shutdown Alternatives for Reactor !
Coolant Inventory Control of BWRs.
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Hioh Pressure Systems (BWR). Available high pressure systems consist of-
;

the following: |

!,
'

1. Hiah Pressure Coolant In_iection (HPCI) System. or Hiah Pressure Core
Sorav (HPCS) System (BWR). BWRs will have only one of these two high

,

pressure injection systems. Most older BWRs have HPCI systems while :
the newer BWRs have HPCS systems.

'

The HPCI system uses a steam turbine-driven pump to pump water from |
the condensate storage tank into the feedwater system. Water is !

injected into the reactor vessel through the feedwater'sparger. On !
low condensate storage tank level or high suppression pool level, the

.!pump suction is stomatically transferred to the suppression pool.
Manual transfer may also be made from the control room.

3

The HPCS system uses a motor driven pump to pump water from the I
condensate storage tank into the reactor vessel through a spray header i

located inside the reactor vessel. On low condensate storage tank i
level or high suppression pool level, the pump suction is {automatically transferred to the suppression pool. Manual transfer '

may also be made from the control room.

2. Reactor Core Isolation Coolina System (BWR). The reactor core i
isolation cooling (RCIC) system uses a steam turbine-driven pump to 1

'

O, pump water from the condensate storage tank into the feedwater system. ;

| Water is injected into the reactor vessel through the feedwater :

s aarger. Another source of water is the suppression pool in the event i

t1e condensate storage tank becomes depleted. The RCIC system is not
provided on older BWRs with isolation condenser systems, i

3. Control Rod Drive Hydraulic System (BWR). Another source of high. !

pressere water is from the control rod drive (CRD) hydraulic system. !

The CRD hydraulic system is relatively limited in. capacity
(approximately 100 gpm), but can provide sufficient makeup to '

maintain reactor vessel water level after the reactor has been
shutdown for several hours. In some plants, the CRD hydraulic system i
may not be available to perform safe shutdown functions due to.

,

reliance on offsite AC power to operate the electric-driven CRD pumps.

The earliest BWRs (e.g., Oyster Creek, Nine Mile Point 1, and ;

Millstone 1) have feedwater coolant injection.(FWCI) systems instead '

of HPCI or HPCS systems. The FWCl system uses the electric-driven
!main feedwater pumps to pump water into the reactor vessel via the 1

main feedwater system; however, the FWCl system is considered -

unavailable for performing safe shutdown functions due to its reliance
on offsite AC power for the main feedwater pumps. Thus, these plants
must use the CRD hydraulic system' or the reactor coolant system must

i
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be depressurized so that low pressure systems can be used for reactor
coolant inventory control.

. !

[g)t Pressure Systems (BWR). The Automatic Depressurization System (ADS)

may be used in conjunction with low pressure systems to supply makeup water
3

to the reactor vessel. The ADS may be remotely manually-actuated from the
control room. The ADS depressurizes the reactor vessel by releasing' steam !

to the suppression pool through the safety relief valves. Available low. |
pressure systems consist of the following:

1. Low Pressure Coolant Iniection System (BWR). The low pressure coolant- ;

injection (LPCI) system uses the electric-driven residual heat removal '

(RHR) pumps to pump water from the suppression pool to the reactor
,

vessel through a recirculation line. The LPCI system is not provided
4

on some of the early BWRs.

2. Low Pressurt.r re Sorav System (BWR). The low pressure core spraya.,

'

(LPCS) system uses electric-driven pumps to pump water from the
suppression pool to the reactor vessel through a spray. header located
inside the reactor vessel. -

. .

Discharae From Reactor Coolant System (BWR). -Therearesever$1 paths'

Ithrough which reactor coolant can leave the reactor coolant system. Listed;

below are typical discharge paths which should be controlled to minimize
' loss of inventory:

.

Safety Relief Valves (SRV);.
,

Letdown Paths; ande *

Other Vents and 0 sins.e

A 3.4 Decay Heat Removal (BWR)

The safe shutdown alternatives for accomplishing the decay heat removal
L function for BWRs are illustrated in the block diagram shown in Figure A-9; - '

these alternatives are described below.
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RCIC or HYDRAULIC FEED FEED >

FEED HPCS SYSTEM (Low Press. (Low Press. !

FEED FEED only) only)
.'
,

p p p p o '

'
?

L j

SRV

DISCHARGE ,

i

|

ISOLATION SC
SUPPRESSIONCONDENSER

COOLING POOL '
COOLING

COOLING (LOW PRESS. ONLY) - *

t
U ||g ,

MAKEUP U
!

10IC -RBCCW '

(Long- COOLING
Term) +

U

ESW
COOLING

ju - p

,

I'
|

|

|

|
.

;

,

Figure A 9. Safe Shutdown Alternatives for DecayO ;

Heat Removal of BWRs.
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The following high and low pressure systems are available to remove reactor
core decay heat fellowing reactor shutdown.

I

L Hioh Pressure Systems (BWR). The high pressure systems typically available
to remove reactor core decay heat are as fellows:

i

1.- Isolation Condenser (10) System or Reactor Core Isolation Coolina |
fRCIC) System iBWR). Etrly BWRs have an IC system to remove decay :

heat in the event the reactor becomes isolated from the main con- !
denser. Later BWRs have the RCIC system. |

'
The IC system consists of a large vessel filled with water with an i
internal U tube bundle which is connected by piping to-the reactor !

vessel. Isolation valves (one AC powered and one DC powered) are. :
provided on the steam sup)1y and condensate return lines. Normally, !
the isolation valves on tie steam supply lines are open so that the '

steam supply line, condenser tubes, and condensate return line are
:pressurized at reactor pressure. The AC. isolation valve in the icondensate return line normally is open and the DC valve normally.is -

closed. The system is placed in operation by opening the normally
closed DC isolation valve in the condensate return line. Thus, AC'
power is not required to place this system in operation.. Steam' flows '

by natural circulation from the reactor vessel to the isolation i
condenser where it is condensed and cooled by boil-off of water on the r

shell side of the condenser to the atmosphere. The condensate returns
to the reactor vessel through the condensate return line which
connects with the reactor recirculation system. Makeup to the shell
side of the isolation condenser is normally from the condensate
storage tank or a dedicated makeup storage tank, in addition, most ,

plants can also supply makeup water to the shell side of the isolation
!

condenser by alternate methods (e.g., from the fire protection system,.
suppression pool, etc.).

The RCIC system consists of a steam turbine driven injection pump and '

associated piping, valves, and controls. Core decay heat is removed
by releasing steam through the safety relief valves to the su)pression
pool. Suppression pool coolin
removal (RHR) heat exchangers.g is provided via.the residualteat ,

The RHR heat exchangers are cooled by :
the reactor building closed cooling water (RBCCW) system which is
cooled by the emergency service water (ESW) system. Makeup to the
reactor vessel is provided by the RCIC pump which uses steam produced !in the reactor vessel to pump demineralized water from the condensate
storage tank to the feedwater system. The feedwater system provides a
direct flow path to the reactor vessel. Another source of water is ;

the suppression pool in the event the condensate storage tank becomes !depleted. '

In newer BWRs, the steam condensing mode of the RHR system may be i

manually initiated approximately 1.5 hours after reactor shutdown. In
this mode, steam is routed through one of the RHR heat exchangers

,

;where it is condensed and cooled, then returned to the reactor vessel '

A-24
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(

O by an interconnection with the RCIC pump, providing closed loop
V cooling. I

2. Hiah Pressure Coolant In_iection fHPCI) System or Hioh Pressure Core '

'Sorav (HPCS) System (BWR). Early BWRs used the HPCI system. In-later .

BWRs, the HPCI system was replaced with the HPCS system.. The HPCI and
.

HPCS systems are designed to protect the core in the event of a LOCA. . i

'

The HPCI and HPCS systems' also may be used for long-term decay heat
removal following reactor shutdown. Core decay heat is removed by ;

releasing steam through the safety relief valves'to the suppression
pool. Suppression pool cooling is provided via the RHR heat' .

exchangers. The RHR heat exchangers are cooled by the RBCCW system iwhich is cooled by:the ESW system. Makeup to the reactor vessel is :
provided by the HPCI or HPCS injection pumps. The HPCI pumps are . I

steam turbine driven and pump demineralized water from the condensate ;

storage, tank to the feedwater system. The feedwater system provides a :
direct flow path to the reactor vessel. The HPCS pumps are' electric- ',
driven and sump demineralized water from the condensate storage tank.
to a spray leader located inside the reactor vessel. On low ,

condensate storage tank level, the HPCI and HPCS pump suctions are -

automatically transferred to the suppression pool.

9

Low Pressure Systems (BWR). If desired, the reactor coolant system may be '

depressurized manually'by using the Automatic Depressurization System (ADS) ;
I to release steam through the safety relief valves to the suppression pool, j

This will allow the use of the following low pressure systems for long-term''

,

decay heat removal. '

:

- 1

1. Shutdown Coolino (SC) System or Residual Heat Removal (RHR) System-
IBWR). Early BWRs contained a separate low pressure SC system for :

removal of core decay heat following reactor shutdown. In later BWRs' !

the SC system was replaced with the RHR system which can be operated
in several different modes to accomplish the following: j

,

,

Shutdown cooling.

low pressure coolant irjectione;

Vessel head spray cooling - '*

Suppression pool cooling*

Containment cooling
'

.
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:

The SC system uses electric-driven pumps to circulate reactor coolant.

from the reactor recirculation' system to the SC heat exchangers and ;n
' back to the recirculation system. The shutdown. cooling heat |-

exchangers are cooled by the RBCCW system which is cooled by the ESW '!
system. 1

!

The shutdown cooling mode of the RHR system operates in a similar |
manner; i.e., reactor coolant is circulated from the recirculation s

system through the RHR heat exchangers and back to the recirculation !
system using electric-driven RHR pumps. .The RHR heat exchangers are i

cooled by the RBCCW system which is cooled by the ESW system. ;

2. Low Pressure Coolant iniection System (BWR). The' low pressure coolant
t

injection (LPCI) mode of the RHR system _ also can be.used for long term !

decay heat removal at low pressure following reactor shutdown. Core '

decay heat is removed by releasing steam through the safety relief
valves to the suppression pool. Suppression pool cooling is via the
RHR heat exchanger. The RHR heat exchangers are cooled by the RBCCW

'

system which is cooled by the ESW system. Makeup to the reactor
vessel is provided by the electric-driven LPCI injection pumps (which ,

are actually RHR pumps), t In the LPCI. mode, water is pumped by the RHR '

pumps from the suppression pool to the reactor recirculation system.
,

3. Low Pressure Core Sorav System (BWR).. -The low pressure core spray
(LPCS) system provides another. redundant method of removing core decay ;,

-

heat at low pressure following reactor. shutdown. Core decay heat.is
removed by releasing steam through the safety relief valves to the,

'

suppression pool. On early BWRs with a separate shutdown ' cooling
system instead of the multi purpose RHR system, the suppression pool .

,

is cooled via the containment spray heat exchangers. The containment '

spray heat exchangers are cooled by the RBCCW system which is. cooled
by the ESW system. On later BWRs with the multi-purpose RHR system,
the suppression pool is cooled via the-RHR heat exchangers. .The RHR_
heat exchangers are cooled by the RBCCW system which is cooled by the .!
ESW system. Makeup to the reactor vessel is )rovided by the LPCS !

electric-driven pumps which pump' water from tie suppression pool to a
spray header inside the reactor vessel.

,

A.4 STEP-BY-STEP PROCEDURE FOR IDENTIFYING SAFE SHUTDOWN EQUIPMENT
!

This section describes a step-by step procedure for:
4

.

Identifying the major system alternatives-available for achieving and.

maintaining safe shutdown conditions at a nuclear power plant,-

Selecting preferred safe shutdown alternatives for the primary. '

and backup means of safe shutdown, and

A-26
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Identifying all the equipment required by the preferred safe.
<

shutdown alternatives. )

:

The approach taken in this procedure is to identify the major system
alternatives and then select a preferred major system alternative or
shutdown train for the primary and backup means of safe' shutdown. Only the i,

equipment in these preferred alternatives need to be identified prior to y

the seismic walkdown. The decision as to which alternatives should be i

selected can be made from a high-level engineering evaluation conducted by j.

.

#a team of engineers with experience in the mechanical ~ and electrical

systems of the plant and with background in seismic areas. Also', plant 5

operations and management should review the selection of the preferred safe i4

shutdown alternatives.

If desired, the equipment associated with other major system alternatives i

also can be identified prior to the walkdown. This would provide
,

additional flexibility during the walkdown in case the seismic adequacy of
(

i
'

certain equipment in the preferred paths cannot be easily verified,
f

The flow diagram in Figure A-10 (located at the end of thi:, appendix) shows I
all the steps to be taken in identifying the safe shutdown equipment in the i

plant. It is suggested that this figure be referred to while reading this i
!

section. The steps in this procedure can be divided into three major ,

tasks.
:
!

Identification of the primary and backup safe shutdown alternatives.
|

for each of the four safe s'autdown functions descW e. crctW L4;

The generic safe shutdown alternatives described in-Secticas .62 aadi

A.3 of this appendix can be used as a guide. This major task is shown
in Steps 1 through 3 in Figure A-10.-

Mentification of the equipment needed for each of the four safe
.

'.

d utdown functions and generation of a safe shutdown equipment list i

(SSEl.) for each function. This major task is shown in Steps 4 through
16 in Figure A-10.

*

,

|

,

.
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!
Generation of a safe shutdown equipment list (SSEL) for the seismic ]

.

evaluation and an SSEL for the relay evaluation from the SSELs' ,

generated above. This major task is shown in Steps 17 and 18 iii i

Figure A-10.
|I

The sequence of steps in this procedure is to: (1) select one of the safe |
shutdown functions, (2) identify the preferred safe shutdown alternative, '

and= (3) identify'the equipment in that alternative. However, the user may |
wish to identify all the preferred alternatives for all four functions
prior to identifying the specific equipment in any of these alternatives; !
1.e., perform the first major task (Steps 1 through 3) for all four i

functions prior to performing the remainder of the procedure. Then, the +

results of this overall system selection process 'can be reviewed by utility !,

operations and management before proceeding with the detailed (and_ time. j
consuming) process of identifying the individual items of equipment.

The steps in this procedure . include a description of how to document its. :.

implementation. Note that the purpose of documenting these steps is to
provide a systematic method of identifying all the equipment needed for

'

safe shutdown. The documentation identified by this procedure includes:
~

(1) a description of the plant-specific, preferred safe shutdown
; alternative and the procedures which would be used for each safe shutdown

function, (2) marked up schematic diagrams (fluid: system P& ids, electrical- f
one-line diagrams, instrumentation block diagrams, etc.), (3)- safe shutdown
equipment lists (SSEls) for each safe shutdown function and any other SSEls-'
for support systems, (4) an SSEL for seismic evaluation, and (5) an SSEL *

for relay evaluation. Blank forms are provided in Exhibits A-1, A-3, and
A 5 at the end of this appendix for documenting the identification of !

equipment on SSELs; the discussion below describes how to fill out these
forms. Exhibits A-2, A-4, and A-6 show these forms filled out with a data
base management system. ;

.-

;

i

|

I
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|
The details for performing each of the steps shown in Figure A-10 are

|
provided below. The number and description within each box of the (
flow diagram in Figure A-10 correspond to the step number and section title !
in the description below. '

i

i

Sten 1 - Pick a Safe Shutdown Function j

i

The four safe shutdown functions which should be accomplished during and-
"

following a safe shutdown earthquake.are:

Reactor Reactivity Control.

Reactor Coolant Pressure Control.

i

Reactor Coolant Inventory Control i
.

Decay Heat Removal i.

i
,

One of these four functions should be selected on the first pass through :,

! this procedure. Succeeding passes through this procedure should pick up
the other three functions. A separate SSEL should be generated for each

| of these four functions. In some cases a separate SSEL can be generated !

| for the primary and backup trains of' equipment. Also, additional tables .

t

can be generated for supporting systems which are common to several !

functions so that the same equipment does not need to be duplicated or i
several tables. The form shown in Exhibit A-1 can be used for each of {
these SSEls.

l i

Sten 2 - Identify Paths Available !

;

There are normally several alternatives for accomplishing each of the !
i- safe shutdown functions selected in Step 1, above. In this step, various '

major system alternatives should be identified and documented.
!

'

I
i
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hThe description of each safe shutdown alternative should be similar to the
descriptions of the generic safe shutdown alternatives contained in

]
Section A.2 or A.3 of this appendix. Plant unique equivalents to these

]
generic alternatives also may be identified. These descriptions should |
address how the systems used for each alternative can be put into operation ;

. including any automatic controls and operator initiat.ed actions using the- )
plant procedures. Note that manual initiation and verification of.
operation at a local station is an acceptable alternative to automatic
initiation and remote indication, provided time, manpower, and appropriate

|
procedures are available to'use the local station.

|

It should be noted that for each of the four safe shutdown functions, a
backup or redundant item of equipment or alternate method should be'

available for each active item of equipment in the system being used.
. ,

Backup equipment need not necessarily be installed spares. Alternative
means of providing backup capability can include manual operation of power-
operated equipment, substitution of a temporary item of equipment (if j
enough time and procedures are available to bring it into operation), or
use of another safe shutdown alternative. i

|
'

Completion of this step should result in the following:
;

,

Descriptions of the safe. shutdown alternatives for accomplishing the*

safe shutdown function. !

Descriptions of how the siternatives can be put.into operation-.

using the plant procedures. i

The above results should be documented in a format similar to the
I descriptions shown in Sections A.2 and A.3 of this appendix. '

>
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[ Steo 3 - Pick A Primary /Backun Path

The purpose of this step is to review the various alternative methods for
'

achieving safe shutdown defined in Step 2 and to select a preferred method
for either the primary or backup means of shutdown. This selection can be
based on one or a combination of the following considerations: |

.

!

The systems and equipment selected for shutting down the plant- '
e

following a fire. It should. be noted, however, that' the safe shutdown
equipment identified for this procedure will not.necessarily be the ;

same as equipment identified for 10 C.F.R. Part 50, Appendix R, for i4

the same general shutdown method. !

The alternatives which rely on the systems and equipment do oporate in :e

their normal mode. :

The alternatives which are straightforward and prestnt the leas t-.

challenge to the operators. )
,

The status of me seismic clasnification, design, and documentatian i
e

for the eq11pmmt in the safe sht/tdow1 alternative.

The results of previous seismic review.t and walkdowns.
{

.

L -

The location (nieration) of the equipment within the plant Ltt.. lower !
.

the elevation, the lower the seismic excitation)-

The operating proctdures (normal or emergency) used to achieve and |
.

maintain safe shutdown conditions.
|1

in addition, the following factors may also be considered:
L

The practicality / difficulty and cost of returnirg the plant to normale

operation after an SSE.

The alternatives which minimize tne amount of effort, expense, and.

radiation exposure to verify the seismic adequacy of the-. equipment.
,

I

l

Selection of the preferred safe shutdown alternative: M ires a broad
understanding of the systems, equipment, and proceduria ased in the plant.
This high-level selection process should be reviewed by plant operations
and management. Specific items of equipment within the selected systems

'

can then be identified by the systems inngineer in the remaining steps of
this procedure.g

A-31

1

_ _ _ . _ __ _ . . .. -__ . . -



, -.. . .. . _ .- _ .- - _ _ _ _ - _ - _ _

|

|
; Revision 2 {
i

1

|

|- 1.

Completion of this step will result in the following: h
|

Completed headings beneath the title on the SSEL (Exhibit A-1) with.

the following information: q

Name of safe shutdown function for which equipment will be )--

identified, for example: '

FUNCTION: Decay Heat Removal ;

.

Description of alternative for accomplishing the safe shutdown--
;

function, for example: ;
.

ALTERNATIVE: SG Coolino/AFW and steam Dumo Valves i

Description o# the safe. shutdown alternatives selected for i
.

accomplishing each of.the four safe shutdown functions. This summary ,

should also identify the major steps in the procedures which would be- :

used in bringing the selected safe shutdown equipnient into operation
and continuing to operate it. ;

>

Sten 4 - Identify An item of Eauipment '

O'The preferred safe shutdown alternative identified in Step 3,'above, :

typically Will require several different systems or parts of- systems to
,

operate. The purpose of this step is to trace the path of fluid (or power, j

or cooling, etc.) from its source to its destination and identify one. item .

| of equipment. The schematic diagram (fluid system P&ID, electrical- system i
L one-line diagram, instrument block diagram, etc.) can be marked up with -

see through markers or highlighters to illust' rate the path selected and;to !
ensure that all branches and alternate paths are accounted for.-

,

The equipment to be identfied for safe shutdown should be one of the
Equipment Classes #0 through #21 described in Table 3-1 of Section 3.- -

Equipment to be included in the safe shutdown equipment list are those |,
items of active mechanical and electrical equipment which should operate or |
change state to accomplish the safe shutdown function selected in Step 1.

.

It should also include electrical equipment which should not inadvertently
i

.

I

I
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,

operate or change state due to relay (conte:t) chatter. The equipment !
needed for supporting the safe shutdown equipment should also be |
identified, such as, electricel power and control, pneumatic power and !

control, cooling, lubrication, etc.; this. is done in Steps 9,10,11, and i

12. !
!

. .)
The marked-up areas on the schematic diagram should extend up to, and ;

includes the first closed 'or closeable isolation valve or open or operable |
circuit breaker in the main and branch lines. - The configuration of the - |
system used during normal operation of the plant should be used when

,

marking the diagram and identifying the boundary. |
!

If the identified system is used differently by another safe shutdown
alternative, a separate SSEL should be generated and a separate schematic- !

diagram should be marked up for that alternative. 1

1

Completion of this step should result in the following:

O i,

'

Marked-up scheniatic diagrat (e.g., fluid system P& ids, electrical.

system one-line diagrams, % trument block diagrams,'etc.) for the iidentified system for one ce the safe shutdown alternatives.
|

l

Completed columns (1) through (6) and columns (10)'and (11)' of-the.

| SSEL with the following information for the item of equipment: ;

I

f
Column No. Column Description

1 Table Line Number

2 Train or Backup Component Designation !

3 Equipment Class (From Table 3-1)

4 Equipment Identification Number (Plant Unique)

5 System Designation and Equipment Description !

i

i
:
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Column No. Cnit%n Description

6 Schematic Drawing Number and Zone. The schematic
drawing number and zone is optional. It can be used to
help re, ' ace the steps used in identifying the safe ,

shutdown equipment. )
10 ' Type of Evaluation Needed, i.e., leismic and/or Belay

Review ]

11 Note Number. The note number is optional.. Notes can
be used to document the reason why certain equipment a
was or was not included in the safe shutdown equipment '

list.
.

1

Steo 5 - Determine Location In Plant
'

;

i

The location of the item of equipment should be identified in th'is step.- |
In some cases it may be necessary to walkdown the plant to find where the

{
equipment is located. The floor elevation from which the equipment can be j
seen should be identified. :

Completion of this step should result in th9 following:
}

Completed columns (7) through (9) of the SSEL with the followinge

information for the item of equipment.

Column No. Column Descriotion j
7 Building.in Which Equipment is Located

.

8 Floor Elevation in Building From Which Equipment Can Be
Seen. It is suggested that the floor elevation from
which the equipment can be seen be entered into this- .

'

column for use in sorting equipment for later walkdown. - i

The seismic review team should determine the actual.
plant elevation from which'the equipment receives its ?
seismic. input. (demand) during the plant walkdown (for

|: input into the SVDS shown in Exhibit 4-1, Column 7,
,

y BaseElevation).

9 Room or Row and Column Nunher Designation Where
Equipment is Located

A-34
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- - Sten 6 - Determine Normal State

_

% ;\

The purpose of this' step .is to identify theLnormal operating state of the
item of equipment. identified in Step 4 during normal operation of the ;

pMt. .This.information is often' given on the fluid' system schematic:. ]>-

diagrams (P& ids); however,:this information should be confirmed byz an .).

operator-familiar with the specific plant being ' evaluated..,

.

'l
Completion' of this step sh0uld result in the following: |

-

Completed column (12),. " Normal State", of the SSEL with one of the.e
;

following conditions:

OPEN (Equipment is normally open) t

Cl.0 SED (Equipment is- normally; closed). .i

OP/CL (Equipment normally changes state from'open to closed- .!
or from closed to open)- ;

Lp RUNNING (Equipment |is' on and norrslly running)-

0FF (Equipment is off and nor nally not running)-

N/A (Not Applicable)
i

~3

Steo 7 - Determine Desired State

| 0

The purpose of this step 's to identify the. desired operating. state of.i

the equipment identified in Step 4 to accomplish-the safe shutdown' [
function selected-in Step 1. This operating state.should be confirmed
by an operator familiar with the specific' plant being evaluatea.
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Completion of this ' step'should result in the-following:'

_ Completed column '(13),.'" Desired State," in.the SSEL with one of the'-
,

e -

'following conditions: q
!

OPEN (Equ'ipment: should be open).
,

CLOSED (Equipment 'should be closed) I

~|
OP/CL (Equipment should change state from open i

.to closed or from closed to open)

ON (Equipment should be-on and operating) ;

0FF (Equipment should'be off and not operating) >

?

N/A (Not applicable)
's

Sten 8 - Is Power Needed? |,

!

This step asks whether the equipment identified in Step '4 needscan external-- -

source of power (hydraulic, pneumatic, electrical) to operates or if- powerj
is needed to control its operation so that it can accomplish the saft h1
shutdown function selected in Step 1. This information is usedLin' St'ep 9D

,

to identify a power source and to decide whether.a Seismic''and/or Belay-

review is needed (Column 10). |
!
?

The answer to whether power is needed depends upon which'of the following- ''

four categories the equipment falls into.-:These categories depend upon l
whether the equipment is inithe. desired operating state while the plant is
at normal operation and whether the equipment will achieve the' desired
operating state upon loss-'of operating or control power. 'These four;

'

r

categories _and the answer'as to'whether operating or control-power;is )
needed are given below. The table at the end'of this description-
summarizes these categories. l

;

:
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' V]'i -1. The equipment is in the desired state to achieve theLsafe shutdown 1

'

function,'and upon loss of operating and/or control power, the
: equipment stavs in the desired state. -This,would include valves which

.i

' '

normally are open and fail open, valves.which normally are closed and
fail closed, and other active equipment:(e.g.,' pumps, compressors, M-G_

. sets, etc.) which normally are not running and- fail in the not running- :
state. Equipment in this category does not need operating or control

,power to maintain the desired operating' state; therefore, this
,

equipment is not considered. active and does not;need'to be seismically: ;

evaluated. However, to be sure that this equipment does not |
' inadvertently become energized and change. state, this equipment should
be identified for_ Belay. review (Column 10).and included as a line item

_

on the SSEL if it is electrically-powered or'-controlled so that.it |can later (Step 18) be included on:the SSEL- for relay evaluation.- For
,

this category of equipment, skip Step 9 and proceed to Step.10.
_

2. The equipment iL10 -he desired state to achieva the safe shutdown
<

function, but- upon loss of operating and/or control power,-the 1
equipment does not stav in the desired state. This would include- . . -

valves:which normally are open and fail' closed, valves which normally
are closed and fail open,|and other active equipment which normally is
running and fails in the not running state. Equipment in this ;
category don need operating power and~ perhaps also control power to .|maintain ~th_e desired operating state.' _This equipment is considered- J

active and should be seismically evaluated. Also, this. equipment' i

p should be identified for Belay review (Column 10) if it is:
; . electrically-powered or -controlled so that it-can~1ater (Step 18))e
'

included on the SSEL for relay evaluation. For this category of- )
.,

equipment,-proceed to Step 9.

L 3. The equipment is not in the desired state to achieve the safe shutdown !
function, but upon loss of operating and/or control power, the
equipment will ao to the desired state. This would include. valves ?

,

which normally are open and fail- closed, . valves which,normally are
closed and fail open, and other active equipment which normally is
running and fails in the not running-state. Equipment in this
category dan need control power to assure that operating power will '

be cut off from the equipment to obtain the desired operating state.
'

This equipment is considered active and should be seismically =
evaluated. Also, this equipment should be identified for Belay. review-

.

,

(Column 10) and included as a line item on the SSEL ~1f it is - 1

electrically-powered'or -controlled ~so that it can later (Step 18) be
included on the SSEL for relay evaluation. For this category of
equipment, proceed to Step 9.

;

, 4. The equipment is not in the desired state to achieve..the safe shutdown-
L function, and upon loss of operating and/or control' power, the 1

4

| equipment will not ao to the desired state. This would -include valves.
which normally are open and fail open, valves which normally are

:
closed and fail closed, and other active equipment which normally is-

|
,
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not running and fails in the not-running _ state. EquipmentLin-this '

category dort need operating. power and possibly also needs controlt l
power to obtain the desired operating state.. This equipment is-

considered active and should be seismically evaluated.. Also, this;
equipment should be identified for Belay review (Column 10) and: ~!included as a line item on the SSEL if- it'is-electrically-powered.or? '

-controlled so.that it- can -later (Step 18)- be included on the SSEL? for
relay evaluation. For this' category of: equipment, procaed-.to Step 9.

.The above categories of equipment are summarized;in the following table.i
Substitute the- following wordsLin this table at each: location where.there

'

is an. asterisk (*) to determine what answer should be placed in Column (14)
of the SSEL:' '

(*)=(thedesiredoperating-statetoachievesafeshutdownfunction.)|
,

During normal Upon loss 1 Is power needed?-
operation, the of. power, (Answer for Column 14

t

eauipment the eauioment in the SSEL)
e

-is in (*) staysin(*) : No (Go To Step.10)'

is in (*) does not stay in (*) Lyes.(Go To Stepl9)

is not in (*) will gc to (*) Yes (Go To Step.9).

is not'in (*) will not'go to (*) Yes.(Go To: Step.9)

L Completion of this step should resultiin the following::
1

Completed column (14), ". Power Required?".. in the SSELLwith one of the.
.

following answers to the question posed by this step:; I

u
NO (For 1st Line in Above Table.. Proceed to StepL10 of- !

Procedure.)
.

'l

;

YES (For 2nd, 3rd, ~ or'4th; Line in Above Table Proceed to |;

Step 9 of Procedure.) '"

I

1
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~ Steo 9=- Identify Power Sources
{
.

The purpose of.this step;is to identify the sources of power which are used
to' power and control the equipment identified in Step 4. The main motive'

,

source of power to operate ^the-equipment or hold _it in position and the: |-

'control power for controlling this-main: motive forcelsh'ould be identified.
-It.is necessary to identify only the immediate sourco of power for the
subject item of equipment in this step. . Subsequent passes through this--

'

l,

section of the procedure will identify all the items of equipment included
in these sources of power;,each one of these individual power train items
of- equipment will later be included as a separate line item in the SSEL. -- '.

Completion of this step should result in the following:

Completed column (15), " Supporting. System Drawing Number," in the SSEL !.

with any reference drawing number which identifies.the power sources..
7

ie' Completed column (16) " Required Supporting Systems or Components," in-
s

the SSEL with the identification name and/or number of the power ;

i sources. For example, entries in this column could be:
,

1

AC BUS 622

DC BUS 212
,

PNEUMATIC

INSTR. BUS 211

MANUAL
,

-- (Equipment does not require power) j

N/A (Not applicable) ,

1

l'
l .,

.
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Sten 10 - Identifv'Suonortina Systems and Comoonents:

1

The purpose of this step is to identify the supporting' systems'or
components needed by the equipment identified in Step 4 so that subsequent

, )-

passes through this. procedure can identify all'the equipment in:these
,

supporting systems. Supporting systems include such services as cooling,-
lubrication, HVAC, etc. I

'

It is only necessary to identify the systems'or components supporting'the ,

equipment in this step;-subsequent passes through this section of the;
procedure will identify allithe equipment included in a supporting system..
Each of these individual items of . equipment-in at supporting. system will. be.
included later as separate line items in the SSEL.

! Completion of this step should result in:the following:
;

Completed column (15),;" Supporting System'. Drawing Number," in the SSELe
,

with any reference drawing number which. identifies the supportingt
system.' 1

Completed column (16), " Required Supporting Systems or Components," in.

the SSEL with the name of each. system or, component supporting the !equipment identified in Step 4. For example,' entries in.this column '

could be:

_

PNEUMATIC

4
' INST. AIR

SERV. AIR

MANUAL 1

CCW(ComponentCooling.WaterSystem)

HVAC (Heating, Ventilating and Air Conditioning System)- ,

-- (Equipment does not require any supporting. system)
,

N/A (Not Applicable)- '

;

.

<

I
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Sten 11-- Identify Instruments for Function
.

.

-To 'assureLthat the safe shutdown function; selected in Step l is being
I _ accomplished, a number of process'' variables should be measured. The '

| purpose'of this step-is to identify the primary process variables and- |
instruments. associated with.the safe' shutdown function defined _in Step l. . f.

For example, to control the inventory in the. reactor ' coolant' system, the . ;

water level instrumentatio_n for the pressurizer (PWR),. or the reactor ]
vessel (BWR),. :;hould be identified as an' essential instrument. Note that
other processivariables and instruments, needed to control'the individual ~-

items of: equipment, are identified in Step:12 of this procedure, ]
q

. . ?

For each ' process variable identified, a transmitter and its ' indicator !

(or recorder) should be listed as line items on the SSEL. (Exhibit A-1).' ,

For example, transmitters can be-identified as:either Equipment Class:18 h

(InstrumentRacks) orc 1. ass 19(TemperatureSensors),while; indicators (or I
recorders) can be identified as Equipment Class 20 (Instrumentation and

Control Cabinets) on the SSEL. .

Completion of this step should . result 'in the following:
!

Completed columns (1) through.(ll) and columns (14) through (16) of:i .
3L the SSEL with the following information for the transmitters and

indicators-(orrecorders):

,

Column No. Column Description

1 Table Line Number

2 Train or Backup Component Designation

3 Equipment Class (From Table 3-1)

4
.

Equipment Identification Number (Plant Unique)
|

5 System Designation and Equipment Description

O A-41V
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- Column' No- Column Description '.

6 . Schematic Drawing Number and Zone. The schematic - h
~ drawing and zone is optional. It can'be used to help. i

retrace the steps used in identifying the safe shutdown. R

= equipment.

7 Building.in Which Equipmen.t'is. Located

8 Floor Elevation in Building From Which Equipment Can Be
. Seen.. It is suggested that the' floor elevation from :

which the equipment can--be seen be entered into thisi.
3

- column for use-in sorting equipment for later walkdown.
"

.The Seismic Review; Team should-determine, curing the:
plant walkdown, the actual > plant ' elevation:.from which

,

.the equipment receives its, seismic-input'(demand). s
,

9. Room or Row and Column Number Designation-WhereT
Equipment'is Located.

10 Type of Evaluation Needed.11.e., Seismic and/or Belay a
Review.

' '

11 Note Number.; The note number is optional.. Notes can: ;

be used to docement the reason why certain items of-
equipment were or were not~ included in the safe
shutdown equipment-list.-

14 Is Power Required to: Attain or Maintain the Desired.
,

Operating State or Condition?.(Yes or No):. j-

15 Reference Drawing NumberLfor Supporting Power _. f
'

16 Power Source Identification Number for the Instrument' [
i

d

:

i,

i

*

.
.i

-k
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Steo 12 Identify Instruments For Control

;

The purpose of this' step is to identify the essential process variables '

which should be measured to control the operation of. the equipment
identified in. Step 4.: It'is necessary to measure these equipment-related j
process variables in ' addit. ion to the primary process variables identified {
in Step 11 for the reactor and reactor coolant system. i

';

4

Note that only those process variables needed for. controlling th'e subject: -

.

1item of equipment need be identified. For example, it may be necessary to; i
,

measure the level of water in''a tank so that the operator (or en automatic |
control system) knows when the suction should be transferred to another- |
tank. In this' case, the tank-level measurement is needed for the operation: |
of a set of valves which connect the two tanks to the pump suction; tank j
level should be identified as an essential process variable for the {
operation of-these valves. t

j
. Note that this step only identifies the process: variables to be measured; 4

identification of the transmitters and indicators (or recorders) will be- 1

done-during subsequent passes through this procedure. :It is necessary,.
however, to have an understanding of the available instruments in the: plant
so that appropriate process variables can be identified.-

;
i

Completion of this step should' result.in the following:'

i |

Com)leted column (15), " Supporting System Drawing Number," in the SSEL! . -

L witi any reference drawing number which identifies the-instruments
,

which can be used to measure the process variables.. :
;

.Com)leted column.(16), " Supporting Systems or Components," in the SSEL-~ i.

wit 1 the name of each process variable;to be measured for controlling. j
'the change in operating state of the equipment ' identified in. Step 4. '

For example, entries in this column could be:

RC P (Reactor coolant pressure)

SG A LVL (Steam generator A level)
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-- (Equipment does not require'any process variables . !
'

L to be measured to control-its-operation)- |

N/A (Not Applicable)

i
!

Sten 13 - Is All Eauioment' Identified?: ;

This' step asks whether all the equipment:(mechanical equipment, ~ electrical . [
L equipment, instrumentation, controls,-tanks, and. heat exchangers)'have'been:

identified which are needed to4 acccomplish the safe shutdown-function. j
selected in Step 1. .To answer this. question, the schematic diagrams, being-
marked up in Step 4, sho'uld be reviewed to determine whether all. the. 'i
equipment has been identified. -

- Steo 14 - Are' All Power /Supoort Systems Identified? [

t

| This step asks whether all:the individual items of equipment. for power, r

control, instrumentation,.and;other supporting. systems have.been identified
which are needed to accomplish the safe shutdown function selected in
Step 1. t-

;
i

One approach for systeaatically identifying all the. equipment is to *

first identify all the equipment on the fluid: system schematic diagrams- 1

and enter them as.line items in the SSEL. Next; trace;all. thei
operating and control power equipment listed in column (16) using the

'

electrical one-line diagrams and enter these as separate 111ne. items in the
SSEL. Then, the transmitters and indicators (or recorders) should_b'e: .

identified from the list -of process variables listed in column (16) of? the
SSEL. Finally,. the equipment contained in any supporting . systems listed in
column (16) of the SSEL should be added, as additional line" entries in the .

SSEL. This process of adding equipment to the SSEL should continue until'

all the equipment contained in the systems listed in column (16): are 1

entered as line items, i

A-44 )
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Note that it may be convenient' to use separate tables for some of the !

supporting systems since they support several safe shutdown functions. For ;- i
>

example, the emergency diesel generators could be needed for both the decay - !_

heat removal function and the inventory control function. - Using a separate! |
SSEL for the supporting systems would eliminate the need for' repeating |
these entries in several different tables..

{!
If additional equipment'should be added to the SSEL, then go back to

. ,

Step 4,, identify another item of equipment, and. add it to the list ' !
'

However, if all equipment and instruments hava. been identified for |
accomplishing the safe shutdown function selected in Step 1, then continue. ' I
on to Step 15.

!
,

Steo 15 - Are Primary and Backuo Paths Considered?

This step asks whether both the primary and 'the backup equipment or trains !

!have been identified to accomplish the safe shutdown function selectedlin.
Step 1. To answer this question, each item of equipment in the primary,

SSEL should be reviewed to determine whether another backup item of'
,

equipment or.another backup train of equipment has been identified.
- >

i

If the backup equipment and instruments'have not'been identified,-then go {
back to Step 3 and select a backup safe shutdown alternative. ' Note that it

;
may be convenient to use a separate SSEL for the backup equipment or train
and to mark the schematic drawings with a different: color highlighter to - t

distinguish between primary and backup, f
:

If the backup. equipment and instruments have-been . identified for each item
of equipment in the primary safe shutdown alternative,. then continue on to

,

Step 16.
!

r
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1

~ Sten 16 -- Are All Four Functions Evaluated?:

This step asks whether all four'.of-the s'afe shutdown functions have been
,

evaluated for- safe shutdown equipment.- If they.have not- all been
evaluated, .then go back to Step.1- and' select another. safe shutdown function - !

to evaluate. A new SSEL should. be generated for this new function.
,

:i

When the equipment for all four safe shutdown functions has been
f

-identified, then proceed to Step 17.- '

Sten 17 - Develoo Seismic Review SSEL
|

The purpose of this step is to combine-the-various safe shutdown' equipment -

lists, generated by repeated application of Steps 1 through 16, into'a. ;

single safe shutdown; equipment list which can be used as the basis for.the ,

seismic evaluation to be done in Section 4. -This seismic review SSEL l

|- should have only one line entry for each unique item of-equipment.: The ;

SSELs generated in Steps'l through 16 typically contain some of the;same- (
equipment; this seismic review SSEL should eliminate this-duplication;- }

This seismic review-SSEL should contain only equipment for which a leismic:
review (s) or a leismic and a Belay review (S, R) is identified in column

,

; (10).

The seismic review SSEL contains the following columns of information, as-
shown.in Exhibit A-3:

,

Column No. Column Descriotion

- 1 Equipment Class (From Table 3-1)

2 Train or Backup-Component Designation
.

3 Equipment Identification Number (Plant Unique)_
.

A-46
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h
'

,

L Column No. Colum Description

-4 System Designstion and Equipment' Description
~

5 Building !n'Which Equipment is Located'

6 Floor Elevation in Building From Which Equipment Can Be
Seen >

.

i-
. .

-

7 Room or Row and Column Number Designation Where* -

Equipment-is Located: ;

j

Generating this seismic review SSEL can be.done rather easily by using a.
.,

'computerized data base management program.- A data base program can also be'.

used to generate subsets of this SSEL-.in which the equipment can be. sorted
by equipment class, by equipment .ID number, by location in the. plant, etc.

]

.fSten 18 - Develoo Relav Review SSEL-

The purpose of this step is to combine the various safe shutdown equipment
'

lists (SSELs), generated by repeated application of Steps 1 through 16, a

into a single safe shutdown equipment list-which can be used as the basis
for the. relay evaluatio:. described in Section.6.-

'

iThis relay review SSEL should contain:the items-of-active. equipment from
the various earlier SSELs which use electricity for power, control,.or s

instrumentation and passive equipment which, if they change. state'or I

inadvertently operate, could prevent one of- the- safe shutdown. functions
~

,

from being accomplished. This .SSEL should contain:only equipment for which -
.

a Belay review (R) or a Seismic and a Belay review (S, R) is; identified in :

Column (10). *

[ *

|

.
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.

The' relay review SSEi contains' the following columns of;information, as?
;

ishown in Exhibit A 5i

Column No. Column Description 1
. .. !

1 Equipment Cla'ss (From Table 3-1) >

,

Train'or Backup Component Designation.
.

2-

'3 ' Equipment Identification Number (Plant Unique) -

|

|. 4 SystemDesignation'andEquipmentDescription. .(
'

:5 : Building;In W'hich Equipment is' Located; -}

6 FloorL Elevation in Building From Which Equipment Ca'n Be. $
Seen'

'

(

-7 Room or Row and Column' Number Designation Where- I
Equipment is Located

1

-

Generating the relay review SSEL can .be done rather easily by using a (
computer based data base management program. A data base program'cantalsor

be used to generate subsets of this' relay evaluation SSEL in which th'e
equipment can be sorted by ~ equipment class, b'y equipment ID number, by. -. |-

location in.the plant, etc. '

t

:

| !

l
,

,
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'

( Stort ).
! I i

~I
-|1. Pick o Sofe Shutdown Function.|i

4

| 2. Identify Poths Available. =|.
4 |

-| 3. Pick o Primary /Bockup .Poth. | {,

l )

H. Identify Instruments for Function] |

4

-| 5. Identify or, item of Eauipment. |
4

| 6. Determine Location .in Plant.' |= |
4

| 7. Determine Normol' State. |'
', . )4-

| 8. Determine Desired State. ,|
.

!
9. .. :

'Yes
is Power Needed 7 1y

-| 10. Identify Power Source. |' a 'No
.

| 11. Identify Suoport Systems. |-
4

|12. Identify Instruments for Control.|'-

l

No is All' EQ ipment
Identified ? ;

Yes

14.
No ' e All Power / Support

Systems identified ?
.

'I
Yes

15. I
No Are Primary and '

;Bockup Poths i
Considered ?-

,

Yes i

16.
No Are All Four - !

unctions Evoluoted ?

Yes. [

] 17. Devetoo Seismic Review SSEL | .
;

I $
| 18. Develoo Reicy Review SSCL | :

4
- 4

( Stoo )
i

i Figure A-10. Steps for Identifying Safe Shutdown-
~

; .. Equipment. .

A-49
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Ernibit A-1

Page No. _ $Arg $Hyrgxyg ggggppggy gg$y ($$gt)
Aeport Date/T+me:

-
..

Ft|NCTION:

ALTERNAflYE:

tine Eq. Ecutament Drawteg ho. Ficer ' Room er Evel hormel Desired Powee- Sepperthy Sys. Regu6ted $apporttogA Tratn Q 10 humber System /fouiet Desertetten /Rev./ Zone .h h Row /(pl . M notes h $ tate Rt2" C Omo no./Rev. Systems ce Commenents
(1) (2) (3) (4) (S) (6) (1) (8) (9) (to) (11) (12) (13) (14) (15) -(16)

- -
_

_ _
_

- -
_

- -
_

_ _
-

- -
-

- -
-

- _
_

- - -

'> - - -
e

' Ut
- -~ ~ ~ . ~ _ -O

_ _ -

- - -

- - -

- - -

,

- - -

- - - [
<

_ _ ,, e. -

._
. ,En

- -
-

- O_

Certiftcation: ' . '. 3

. .

. . - .. . fu ..
The information identtfy6ng the equipmen+ required to bring the plant to a safe shutdown condttien on this Safe Shutdown Equipment List ($$EL)
is to the best of our knowledge and belief, correct and accurate. ' (One or sore signatures of Systems or Operaticas Engineers) .

"Print or type hame/t tt le . * Signature - Date

Print or Type name/litle Signature . Date

-

_.

6-

6

e e e '

_ _ _ _ __ _- - . _ __
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Exhibit A-2

Pese us. 2 poes esse Flee emee/Deterfleet surftere. set #05-22-98 / es:47:42
esport cate/76me; 05-22-90 /13:17:58 - Saft sutstgehm fortsues' tIST ($1Et3 tassa Fete emnergetervleet time me6.use / e5-22-9e / ee:4F:42

- CIME sPe#T S?tita - Basse Fete Centetet enLieuuBEst --

Program Ftte mene 4 Wertient 4haptprt e1.8

Lise MM/ Ee. e- Etnaisment .

, seeersprien Isew./Zero etds. Etow. eeu/ Cat Sort estes . State State Reg *e7 pas. ee.rees. ese simportene
, creasine me. Floor eene or . meramt' eestred Power Sassertisg Sys. esauteed intercesummettene ,

T. rain Opt. .Ct L.ist te timeer
ee. Syst -_.J" e _,. . . .. eene emmen . em seen

-

4119 5 CPT 20 e 10$eas eCS/eCS Lfvit teDtCATOR C-te019-C/20/91 Te 2TT CR Put t 32 - s/n are Tts - C 2NBL-C3/14 36-31, ret 3m

4120 4 CPT *9 0 EDS90s BCS/WCS LEVEL teetCPf0R C-18015-C/20/42 18 - 2TT CR Put F Se- era ; e/4 ffs C 22 Sot-C6/9 36-22,1813ee

4121 tort Cet em se 40-10 CBS/COBE Spear tatt state 130 vtv . C-te007-C/3&/F3 ou 261 uF f a 31 noses. cres Yt1 _ C-t9648-C2/27 trie, sec 40-1em, ops
4122 1 min SA-Se 40-11 CBS/ Cent 9 Peat Intf leuEt 190 WLW C-te007-C/34/F& au 261 WT $2 31 neste SPEG 999 C-19L37-C2/28 '' 1610. eIC 40-11A, ePS

'

4123 2 mia sa sa 40-09 Cas/ Cost Speef lett? toute tso WLV C-1e007-C/3&/G4 ou 261 59 5 9 . 31 NOSES OPf3 ftg ' C 1964e-C2f27,171s, eut 43-gen, ePS
4124 20P1 DPT em se 40-01 ' CRS/ CORE SpeAf teLET toute 110 VLv C-tes07-C/3Gits eu 261 og . . S e 31 - . CLeste dPf8 - vtS C 19637-CZ/20 1618. est 49-Sta, erS '

4125 1 ute en se 40-12 Ces/tcet Speaf Intif CUT 150 VLW C-teOCT-C/3&/D4 99 237 9E Ctmust a 5, 31 cPEe Opet ' as . C-19t30-C2/13 167, put 16Fa, ont ee-12a, ops .
4126 2 mis sa $8 40-02 CRS/CCEE SPeAT futET 007130 WLv C-1800T-C/36/14 et 237 SE Come*t 9 . $, 31 cPfe effe . as ' C 19630-C1/17 ' 167, eut ee-eIn, ops

,

4127 1,2 alu 7 st 39-06 (C/ Loup ett CtuotstEt effuse 150 WLT C-teDD6-C1/21/gr et Pet ' fv autut S 1 CL0ste CLOSES . TfS __ C-19e39-Cie/6 y 39-est, 39-eeF, 39-eBS, 39-e6m-, D
e size 1,2 nie r sa 39-e5 tCiterar ett clesesete attume tso vLv _ C-tse06-C1/21/ar es 281 - tv etxPt .S- t- CtesEc noses - ett : .- 39-est, 39-est, 39-ese, 39-ese

(J1
w 4129 1 stu $ se et-?O CBS/ CORE SPRAY TOPPleG PUNP etti C-te007-C/34 e6 es 237 Su CDuett S e -- 0FF SUustes vt3 . ' C-19839-C7/8 182, 01-30, ei-70/

4130 1 ute F se 01-$e ~ CIS/ SEAL EXIDLauG PeESS. REGULATOR - C-183trT-C/34/12 se 237 Su Canute S - ' cPfe cP/n so ~ . '~
4- 4131 1 min F se 81-7e ' CBS/ SEAL CDDLtuG PetSS. ett!!F VLT C-13007-C/3&/12 es 23F $W COBute 5 30 Cteses cP/tt . ee .*

4133 20P1 OP1 S- Se 81-49 CSS /CDRE SpeAT TOPPlet FunP ett2 C-teD07-C/3&/a6 se 237 su Ceaute S e - - eFF , sinuttes TfS C-19e39-te/1 103, st $7, et TT

4134 2cP1 OPT 7 Se e1-$7 CSS / SEAL CDDLleG PefSS. efeULATOR C-1eOOT-C/36/t2 as ~1237 su Cemeen S - CPEe q cP/CL1 . to - ; -

1 4135 2cP1 CPT F Se el-7T CBS/ SEAL CcettuG PoESS.' eft.tEF WLV . C-10007-C/34/t2 se 237 - su Caumet S 30 CLDsED CP/CL - ee -- ~ - - -

4137 2 mis 5 se 81-52 CSS / CORE SpeAT TOPPluG PtPD #122 C-te00F-C/34/ sus se 237 et CasuEt S e - 0FF suustuG TES . C 19039-Ce/1 -.. 103, et-ee, et ce -

4138 2. ute 7 Se - 81-40 . CNS/ SEAL COUttes petst ettalLAtte C-teOOT-C/34/12 E3 237 . SE COBute S - SPfe CP/CL 30
- R3

4139 2 site T 1R 81-e8 CRS/stAL CDDLleE PetSS. RELifF Vtv
-

C-te007-C/34/12 es 237 st Ceaute S 30 CLosE9 CP/CL se '
.

'#D '-- --

<
'

to
CERf!FICAf t0u: -a.-

4 OThe infermetien seentifytng the eeuiquent reesired to erug ttee p(epit to e este emutenees ceruHtten en this Sefe Shutesun festament List (SSELS 3'6e, to the best M our kneesteege one beteef, correct one accurate. ' tthie er sure segristures of Systems er Caerettere Engeneerst
f%3

Pr.nc or irpe mesi,vnet.
-

s3enewe - este

FrT;;E or irpe menest.ue -
swwtw o oete

i

M!
_._ ___ _ _ _ _ _ _ _ _ . _ _ _ - - . _ . -- . -- - -_-, ,..,..-..m. ~_ _ _ . _ . _ . - . . ~ ~. .__ - . - - _ _ _ _ . -. ._________



. - __ . - _ _ - - - -. . . _ . .. ..

+ ,-7,
.;.i ?

|I . '1 i

..'' D , "'"| Revision 2
i

\

| . isl ''

' Exhibit A 3. Page No. <

,! SAFE SHUTDOWN EQUIPMENT LIST (SSEL)
'

! FOR SEISMIC VALKDOWN
1;,

'
Equip- Equipment ' Floor

' Qgn -Train ID Number System /fouloment Description B1dn; h Room Dr Row / Col'.
(1)' (2) (3) (4)- (5) (fi). (1).

.

!
..

,

,

i
i

i
t

i,

!
i

i

q

r

,

i

._

Prepared by:

Checked by.

'
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C Exhibit A-4 .

SAFE $NU100Wh EQUIPMENT LIST (SSEL),
Pope ho. 7

.

FOR SEISMIC WALKDOWN LISilNG (UNtout)
(Minlaun . Expanded List) ;

(Sorted By Ewipernt ID NJutier) ;

E@lp Mln/ Ewipment 0* . Floor
Class Opt ID Nuutier List System /Ewipment Description Blde. Elev. Room Dr RoN/ Col *

..... .... ............... .... ....................................................... ..... ..... .................... ;

'
7 MIN 39 06 St EC/ LOOP #12 CONDEhSER RETURN ISO VLV R$ 281: ~ tv ROOM

8e . OPT 39 06E St EC/ LOOP 812 CONDENSER RETURN 150 VLV PILOT R$ 281 IV ROOM -|s

8e OPi 39 06F SR - EC/ LOOP #12 CONDENSER RETURN ISO VLV PILOT RS 281 IV Ro0M
i

Se : OP1 39 064- SR EC/ LOOP 812 CONDENSER RETURN ISO VLV' PlLOT RB 281' IV ROOM

8e . OPT 39 06N St EC/ LOOP #12 CONDENSER RETURN ISO VLV PILOT Re 281 . IV ROOM ' |

7 MIN 39 11# SR EC/ LOOP #11 EMERGENCY CONDENSER DRAIN ISO VLV flit . RS 298 '.IV ROOM .i
#

08 hlN 39 11C SR EC/ LOOP #11 EMERGENCY CONDENSER DRAIN ISO VLV PILOT RS - 298 39 11#
'

88 -MIN 39 110 SE EC/ LOOP #11 EMERGENCY WENSER DRAIN ISO VLV PILOT RS 298 . 39 118

7 MIN 39 128 St EC/ LOOP #11 EMERGENCY wAENSER DRAIN ISO VLV #112 RS '. 298 IV ROOM - ;

88 MIN 39 12C St EC/ LOOP fil EMERGENCY CONDENSER DRAIN 150 VLV PILOT ' R$ 298 39 128 '!

88 MIN 39 120 SR EC/ LOOP #11 EMERGENCY. CONDENSER DRAIN ISO Vtv PILOT at 298 39 12#. .;

$7 Miu 39 13# SR EC/t00P 812 EMERGENCY CONDENSER DRAIN ISO VLV 8121 As 298 IV ROOM
,

SS MIN 39 13C SR EC/ LOOP 812 EMERGENCY CONDENSER DRAIN ISO VLV PILOT RO '298 39 13#
'

~k 84 MIN 39 130 SR EC/ LOOP #12 EMERGENCY CONDENSER DRAIN ISO VLV PILOT RS. ' 294 .39 13#

7 MIN 39 14s SR EC/ LOOP #12 EMERGENCY CONDENSER DRAIN ISO VLV #122 Rs 298 ' IV ROOM .
,

88 Miu 39 14C SR EC/ LOOP 812 EMERGENCY CONDENSER DRAIN ISO VLV PILOT ~ RS ' 298 39 148

SS MIN 39 140 SR EC/ LOOP #12 EMERGENCY CONDENSER DRAIN ISO VLV PILOT RB' 298 - 39 148

8A OPT 40 01 St CRS/ CORE SPRAY INLEY INNER ISO VLV -DW 261 M9 -

8A opt. 40 02 S4 ,CR$/ CORE SPRAY INLET 001 ISO VLV RB 237 SE CORNER <

(
. M98A MIN 40 09 SR CRS/ CORE SPRAY INLET INNER ISO VLV DW '. 261:'

8A OPi'40 10 SR CRS/ CORE SPRAY INLET INNER ISO VLV DW ~ 261 M7 . !
^

;

8A MIN 40 11 St CAS/ CORE SPRAY INLET lhWER' ISO VLV DW ' 261 M7

8A OPT 40 12 SR CRS/ CORE SPRAY INLET 001 ISO VLV R$ 237 SE CORNER

19 OP1 41*23 NSR LPS/ LIQUID POISON TEMPERATURE SWITCN RS 298 |K8

19 OPi 41*24 NSR LPS/ LIQUID PolSON TEMPERATURE SWi1CN R5 298 K8

19 OP1 41 25 NSR LPS/ LIQUID POISON TEM 8ERATURE SWifCN Re' 298 K8

19 CPT 41 26 NSR LPS/ LIQUID PQlSON TEMPERATURE SWlfCN R$ ' 298 'K8

! '
i

,

Prepared by: Report Date/ Times 05 23 90./ 09:29:54
Date Gese File Neme/Date/ilme: NMP1WD4.0$F / 05 23 90 / 09:24:44 .

Index File Name/Dete/ilme WD, UNIO 4.NOx / 05 23 90 / 09:27:50 !

Checked by : Index Flte Contents: COMPID

.O Program File Name & Version Nep1 pet v1.0
-t

.

A-53 ,

. . _ . .- _ . __.. . - _ _ _ . _ . .



, .~. .

i
s

Revision 2- !

i

Exhibit A-5 ~ ' Page ho.

SAFE SHUTDOWN EQUIPMENT LIST'($$EL) )

'FOR RELAY REVIEW

Equip- Equipment rioor -
Clef t Train' -ID humber System /Eavioment Descriotion th h . Room or Row /to),

(1) (?). (3) (4) ,(5) . .(6)- (7)- '!

-1

|

o

1

;

i

I

|

f

*
_

k

L

i

ei
1.

:;
,

|. ai

i

!.

|
t

| Prepared by: <

!-

Checked by . 3

O
|
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D- Exhibit A-6
g

-

Pept No. 6
-

SAFE $NVf0OWN EQUIPMENT Ll8T (SSEL) .

RELAY REVIEW LisilNG (UNIQUE) i

(ulnlaun * Espended List) :||(Sorted By Ewipment 10 Noiter)
i

|E wip Min / . Ewipment 0- Floor .

'
Class Opt 10 Nuntier List system /Ewipnent Description Bldg. Elev. Room or Roe / Col

e.... esse seesse sses see m s mese s eesmesse.s e e.........e. se... esse.........e e ee eeeee e e e s ..... . .. .................... ,

J
8A MIN 40 05 SR CRs/ CORE SPRAY Test is0 Vtv Re 237 **

jBA MIN 40 06 SR CR$/ CORE SPRAY TEli Is0 VLV R8' 237 =*

SA MIN 40 09 SR CR$/ CORE SPRAY INLET INNER ISO VLV ' DW 261' M9

SA OPT 40 10 SR CR$/ CORE SPRAY INLET INNER 150 blV ' 0W 261 M7
,

8A MIN 40 11 SR CRS/ CORE SPRAY INLET INNER 150 VLV DW 261 M7 1

|

SA Mik 40 12 SR CR$/ CORE SPRAY INtti QUT ISO VLV R$ 237 SE CORNER !

SA MIN 40 30 st Cas/ CORE SPRAT VENT INSIDE 110 VLV DW a **

,

8A MIN 40 31 st .CRS/ CORE $ PRAY VENT INSIDE ISO VLV DW ** **

<

84 CPT 40 32s SR CR$/0Uls10E IV #11 CORE SPRAY LOOP NI PotNT VENT PILoi R$ 261 to COOL RM
1

SS OPT 40 32C SR CAS/0UtsIDE IV #11* CORE SPRAY LOOP N1 PolNT VENT PILC1' RS 261 30 COOL RM '3

08 Ort 40 334 St CRs/talisl0E IV #12 CORE SPRAY LOOP M1 PolNT VENT PILOT Rs 261 SD COOL RM
,

80 OPi 40 33C st CRs/ cuts!DE IV 812 CORE SPRAY LOOP M1 POINT VENT PILOT Re '261 so COOL RM ,

19 OPT 41 23 N$t LPS/Ll0Ul0 PolSON TEMPERATURE SWitCN . R$ 298- K8
'

C

\ 19= OPT 41 24 Nst LPS/ LIQUID P0140N TEMPERATURE SWliCH R5 298- K8

19 OPT 41 25 NSR LPs/LloVID PolSON TEMPERATURE $Wif CN RS '- 298 K8

19 CPT 41 26 Nst LPS/LleUID PolSON TEMPERATURE $WitCN R$ 298 K8 ,

8A OPi 44 04 0 CRON/CRON PRE $suRE CONTROL VLV RS 237 W4 ,

8A OPT 44 05 0 CRON/CRON PRElsuRE CONTROL VLV R$ 237 N4
,

7 opt 55 05 0 DMel/DEMIN WATER STORAGE TANKS SLOCK VLV RS 261 M12
4

5 opt 57 11 SR Cis/ CONDENSATE TRANSFER PUMP #12 IB 261- .-

5' OPT $7 12 st Cis/ CONDENSATE TRANSFER PUMP S11 10 261 -

16 opt 57 18 Ntt Cf 3/CONDEN$ Aft STORAGE IANKS LEVEL TRANsM111ER TB- 250 LS14

20 OPT 57 18A NSP CTS /cm0ENSATE $10 RAGE TANKS LEVEL INDICATOR 18 2T7. CR PNL N
,

84 OPi 60 03C' SR - EORJ/EMER CONO MAKEUP TANK 12 SUPPLY ISO VLV PIL0f TB' 369 60 03-

88- OPi 60 04C' sa EORJ/EMER CONO MAKEUP TANK 11 SUPPLY 150 Vtv pilot is 369 60 04

| 20 CPT 60 17A st ECMU/EMER Cao 8111,112 LEVEL E/P CONVERTER Rs 340 60 17
.

20 OPi 60 175 St ECul/EMER COND #111,112 LEVEL CONTROLLER 15 : 277 CR PNL K {

l' Prepared tr/t Report Date/ flee: 05 22 90 / 14:46:55 |
'

Cate Gese File Name/Dete/fiset NMPIRR4.007 / 05 22 90 /14:43:02
| Inden File Name/Dete/ Times RR ,0NIQ4.N0x / 05 22 90 / 14:43:02 ]
|

Checked tr/ Index File Contents: COMPl0 i

O\
Program File Name & Version Napipet v1.0 J

l
!

I
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Appendix B'
.

SUMMARY OF. EQUIPMENT CLASS DESCRIPTIONS AND CAVEATS

l
.I

!

e

O

c

-

,

'

.

|'
1

'I

1- ,

1
1

1. ' '\.

.

| 'j
i

|
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CONTENTS
'

Section
'

Pace" l

INTRODUCTION' . . ..c... . . . . . .:. . . . . . . . . . . . . .-. . .;B-1:
. .

*

B.1- MOTOR CONTROL CENTERS .......,.....:...=.:...B.1-1: i-

.

s
B.2 LOW VOLTAGE'SWITCHGEAR- ..4. . . . .. . . . . ....r. .-B.2-1- a

.B.3 MEDIUM VOLTAGE SWITCHGEAR. . . . . . . . . . .-. .--. ...-. . B.3-'11
, . .

.

.:*
B.4- TRANSFORMERS. . . . . . .-. . .. .=. . . . . . . . .-. . . .".iB.4-1; '

B.5 HORIZONTAL PUMPS . . . ... ... . -. . . . . . . ... .;. . .fB 5L11 |.
.

':
B.6 VERTICAL PUMPS . .-. . . .-. . . ..... . . . . . .-.-. . . 31. B.6-It :i
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Appendix'B
<

SUMMARY OF EQUIPMENT. CLASS DESCRIPTIONS AND CAVEATS:

|

INTRODUCTION E
.

The purpose of this' appendix is to. summarize the descriptions.of the. I

equipmerit classes and the inclusion and exclusion rules, also . called j

caveats, which apply to the classes offequipment covered by:the: earthquake
experience data base and the generic. seismic test data' base. The~ equipment

class descriptions summarize the' general parameters of, equipment.
representative of these data bases. 'The caveats identify the importantL
characteristics. and' features 'which an item: of equipment should have ~in
order te verify seismic ~ adequacy byluse of these data bases.

i

The procedure for using these class descriptions and caveats 'is covered .in -

Section 4. Note, however, that if equipment-specific seismic 'qualifibation -
data is used instead of the earthquake experience or. generic: seismic;

7
testing data bases, then the equipment should meet any specific- !

| restrictions applicable to that equipment-specific qualification datai

rather than the class descriptions and caveats incthis appendix.- .|

!

(. This appendix is organized by equipment class corresponding.to the: listing o

| in Section 3, Table 3-1. For each equipment class, the class description
;

and the . caveats applicable to the Bounding Spectrum are given first. _ Next,
the class description and the caveats applicable to the GERS'are given when
available. (Note: Some equipment classes have more th'an one GERS while

other classes have none.) . A plot of the GERS follows .the caveats for each
,

| applicable equipment clan.

The class descriptions and caveats summarized in this appendix are. based on
the information contained in References 4, 5, and 6. More details and

<

photographs are given in References 4 and 6. Note that'in some cases,
,

V

. .. - . .
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0 ;-; clarifying remarks _have been included in this-appendix which.are not:
contained in-the abo've reference documents'. These clarifying remarks .

include such things-as the _ reason for including a1particular caveat, the~ :
I-intent of the caveat, -and recommended allowables for. stress analysis.

These clarifying remarks are based on expeHence gained during|the SQUG< j
~ ~

.. .
.

. o
. trial. ~ plant reviews and ; serve'to help guide the seismic Capability

]_

Engineers in making judgment- H

.!
Note: The Seismic capability Engineers should not'use the summaries.' ,

contained in' this appendix.unless they have thoroughly reviewed. and- i[
understand the above reference documents. !

!

Certain important' caveats from the above reference documents are includei !

in this appendix even though they are also covered in other~~ sections of the -
GIP, such as: i

'

Equipment should be adequately anchored...

Relays.for which chatter is not acceptable should.be specifically.

evaluated, j

P< sible-seismic interaction concerns should notLadversely affect the
.

.

r!Jipment.
t t

,.

Past earthquake experience has shown th'at these three concerns;are:very
important to equipment seismic ' adequacy. :The anchorage. evaluation guidelines f

| are -addressed in Section 4.4-and Aprendix C of the' GIP. LThe relay evaluation - !

guidelines are addressed in Section 6.. The seis'mic interaction, evaluation
-guidelines are presented in Section 4.5fand Appendix D. (

|
'

. although the primary responsibility for conductin- elay
. ion described in Section 6 is the Lead Relay Reviewer, the Seismic-
lity Engineers should be alert for any seismically induced systems i

erte.ts which may lead to loss of. function or malfunction of the equipment
being evaluated.

B-2
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-

B.1 MOTOR CONTROL CENTERS-

,

B.I.1 AD#ndino Spectrum - Motor Control Centers. ;

-i

The earthquake experience data' base _ equipment class of motor control- j
centers (MCCs); includes control and electrical fault protection systems for: f_

motors powered at 600 volts or less (typically 480 volts). Motor I
controllers are mounted in sheet metal cubicles with controller cubicles:
typically assembled into stacks which are lined up side-by-side and bolted l
together to form a motor control center. This equipment, class includes- d
motor controllers mounted in' individual cubicles ~ on. racks'or. walls 'as well - ;
as freestanding MCCs.

Individual motor controllers are normally mounted in a sheet metal box that
can,be removed from its cubicle in the motor control center. ' Motor
controllers are arranged in. vertical stacks :or sections ' attached to' each
other within the MCC assembly. The-individual components;of the motor;
controller are attached.to-the sides and rear face of the box. Motor
controller cubicles typically include the following types of components:-

'
molded case circuit breaker (or disconnect switch), magnetic contactors, a

icontrol transformer, fuses, push buttons, and pilot lights. .

The motor controller cubicles are typically arranged in vertical stacks-
within an MCC assembly. Each stack is.'a separate sheet metal enclosure,
usually reinforced at its corners by overlapped sheet metal:or-steel angle
framework. Stacks are bolted together through adjacent sheet metal sidel
walls or steel framework.

.

1

!

Motor control centers may be either single- or double-sided. Double-sided |

MCCs have controller cubicles on both the front and rear face of the 1

cabinet, with vertical bus bars routed through a center compartment between-
the front and rear stacks of controller cubicles. Single-sided MCCs

pJ B.1-1 |
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.

O
typically route electrical connections ~ through- ver.tical raceways along the

-sides of each stack section.
i

Motor control centers may be,either freestanding units'or form part of a-
more complex assembly. In:many cases, MCCs are included in an, assembly--4

with switchgear, distribution panels,.-and/or transformers. Another
alternative to the freestanding: motor controlicenter :is the wall- or rack 2
mounted motor control cubicle; ' Within these cubicles, motor control-
components are bolted to-the innef faces' of the wall;inLthe same manner as

in a small control or instrument; cabinet. Access to the cubicle is usually,
through a swinging door that-forms the front face ofL tFe cubicle =. l

iMCC cabinet dimensions are generally standardized. Most MCC sections' i

.(stacks) are 20 to 24 inches wide, and 90 inches tall. The depth of each
_

section varies from.12 to 24 inches, with' double-sided sections usually-
having depths of.20 or 24-inches. The weight of each section ranges from
500 to 800 pounds. j

1

l
The construction of motor control centers is typically governed by industry
standards such as those developed by the National Electrical- Manufacturers

Association (NEMA) and Underwriters' Laboratories (UL)'(e.g., NEMA ICS-6, j
UL-508). These standards define minimum sheet metal thickness 'as a- =1

function of wall area between reinforcement. 'l
'

L

Motor control center assemblies represented in the data base contain motor
starters (contactors), disconnect'switche:, and, in some cases, over-

. j
current relays. They also contain distribution panels, automatic transfer j
switches, and relay / instrumentation compartments. Motor controllers'are I

~

represented in a variety of mounting configurations ranging from %dividual:
|

mounted controllers to MCC assemblies in outdoor enclosures. ~i

i

!

B.1-2
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!

The Bounding Spectrum (BS) represents the seismic q pacity of a Motor !

Control Center (MCC) if the MCC meets the intent or the following inclusion [
!

and exclusion rules.
;

'.
-

,

MCC/BS Caveat 1 - Earthouake Experience Data Base. The MCC should be :
similar to and bounded by the MCC class of equipment of the earthquake !

experience data base. The discussion above briefly summarizes the class *

description of MCCs in the data base.-
|

MCC/BS Caveat 2 - Ratiaq of 600 V or Less. The MCC should hwe a 600 V i
rating or less. - This isithe upper limit voltage rating of MCCs in the

;earthqu3ke experience data base.
,
,

MCC/BS Caveat 3 Adiacent Cabinets Bolted Tooet h Adjacent cabinets !
which are close enough tc impact each other and sections of a multi-bay ,

cabinet assembly should be bolted together if any of these cabinets
contains essential relays. The concern addressed in this caveat is that

.

unbolted cabinets could respond out of phase to one another and im)act each !

other during an earthquake. This would cause impact loadings and ligh >

frequency vibration loading. which could cause any essential, impact- |
i sensitive relays to chatter. ;

MCC/BS Caveat 4 - Attached Weicht of 100 Pounds or less. > Equipment and'

their enclosures (but not conduit) mounted externally to cabinets and r

supported by them should have a weight less than about 100 pounds oer >

cabinet. The concern is that the center of gravity of the cabinet will be iraised too high, the total weight of the cabinets will be too large, or jlarge eccentric weights will Introduce excessive torsion. This additional
load may also reduce the natural frequency of the cabinet below 8 Hz. This
concern is directed primari' C d equipment which is attached to the

,

'

cabinet but is not normally supplied with the MCC and iereby possibly not
included in the seismic experience data base equipmeti class. The load

,

path for the attached component through the cabinet hould be'ca-rfully ;

examined. In addition, its attachment should be renewed to asce ain i

whether the attached component may become a seismic interaction hazard
source. Conduit was deleted from this caveat since conduit supported above
an MCC is well represented by seismic experience data. Additional support ;
of the cabinet and attached equipment will alleviate these concerns and "

satisfy the intent of this caveat.
|

for the purposes of anchorage checking, the effective weight of any
attached conduit and equipment should be included in the cabinet weight. :

|
,

h

B.1-3
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S|
MCC/BS Caveat 5 - Externally Attached Items Riaidiv Anchored. Externally i

attached items should be rigidly attached to the cabinet. The concern :

addressed by this caveat is that these~ items could impact the cabinet and
possibly lead to relay chatter, or impact other components of the MCC as a 'i
seismic interaction hazard. As an example, some electrical cabinets have I

small, externe 11y attached panels mounted on hinges to the main cabinet :

frame. During seismic motion the externally attached panel may swing and (cause significant impact loading to the electrical panel.
,

:

MCC/BS Caveat 6 - General Confiouration Similar to NEMA Standd The ;

general configuration of the cabinets should be similar to those |
constructed to NEMA Standards. The MCC does not have to conform exactly to '

the NEMA standards but should be similar with regard to the gage of the
steel, internal structure and support. This caveat is intended to preclude .

i

,

unusual designs not covered by the data base (thin gage material, flimsy '

internal structure, etc.). -In general, cabinets manufactured by the major
manufacturers of MCCs conform to this caveat if they have not been
modified. I

MCC/BS Caveat 7 - Cutouts Not Larae. Cutouts in the. lower half of the
'

cabinet sheathing should be less than 6 inches wide and 12 inches high.
One concern of this caveat is that these cutouts will reduce the natural.
frequency below 8 Hz. A second concern is that the shear load from the
earthquake will not be able to be transferred through the shear walls to

,

the anchorage. There are many standard MCCs that exceed this caveat; !
however, in many cases, the area around the cutout is reinforced with i

additional plate or steel members alleviating the concern of shear ,

transfer.. This caveat is of more concern for cutouts modifying thei

standard design that a W not reinforced.

EC/BS Caveat 8 - Doors / Buckets Secured. All doors and drawout bucke h
should be secured by a latch or fastener. The concern addressed by ' -

caveat is that the doors and drawout buckets could open during an
earthquake and repeatedly impact the housing, causing internal componw.ts
such as relays and contactors to malfunction or chatter.

J

MCC/BS Caveat 9 - Natural Freauency Relative to 8 Hz Limit Considered. The
lowest natural frequency of.the cabinet should be estimated. .For cabinets j
which have a natural frequency below about 8 Hz, the floor response

1spectrum should be compared to 1.5 times the Bounding Spectrum (see Table j
4-1 of Section 4). !r

MCC/BS Caveat 10 - Adeauate Anchoraae. The unit should be prop::rly
anchored in accordance with the guidelines of Section 4.4.

l

4

B.1-4 ;
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|

O
MCC/BS Caveat 11 - Potential Chatter of Essential Relays Evaluated. If

relays are mounted on the equipment, a relay. functionality review in >

accordance with Section 6'should be performed.

MCC/BS Caveat 12 - No Other Concerns. There should not be any other i
concerns by the SRT wM h the seismic capacity of the MCC. The Seismic :
Capability Engineers could seek out suspicious details or uncommon
situations not specifically covered by the caveats. |

!

B.1.2 GERS - Motor Control Centers !
!
I

The generic seismic test data bcse equipment class of MCCs includes control j
'

and electrical fault protection systems for motors powered at 600 VAC
(480 VAC nominal), 250 VDC, or less. MCCs in the test data base typically ;

include several enclosure sections which are normally about 20 inches wide, !

14 to 20 inches deep, and about 90 inches high. These sections are !

fabricated of 14 gage (0.0747 inches thick) or heavier steel-sheets and are i

supported at the floor on base channels which are either integral with the |
MCC frame or are external members connected by internal bolts to the MCC |

frame. Maltiple MCC sections may be grouped together to make widths to ;

120 inches or greater. The weight per section of these MCCs ranges from f
200 to 800 pounds, !

|
I

The types of components typically housed within MCCs in the test data base i

include contactors, overload relays, various types of other relays, circuit i

breakers, disconnect switches, control or distribution transformers, and i
panelboa. ds . MCCs may also han indicator lamps and meters mounted on

i

them. I
i

-s

!

|

u
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O
The GERS represent the seismic capacity of a Motor Control Center (MCC) if
the MCC meets the intent of the following inclusion and exclusion rules.

MCC/GERS Caveat 1 - Generic Seismic Test Date Bast The MCC should be
similar to and bounded by the MCC class of equipment of the GERS data base.
The discussion above briefly summarizes the generic seismic test data base
MCC class description.

MCC/GERS Caveat 2 - Boundina Snectrum Caveats. The MCC should meet all the
caveats given for the Bounding Spectrum. :This caveat is included to cover
the vulnerabilities identified in the earthquake experience data base.
Those GERS caveats which are the same as the Bounding Spectrum caveats are
not repeated below.

MCC/GERS Caveat 3 - Floor-Maunted Cabinet. The MCC should be floor-
mounted. This is the mountMg configuration for all MCCs in the generic
seismic test data base,

MCC/GERS Caveat 4 - Weiaht less Than 800 Pounds. The average weight per
vertical section should be less than about 800 pounds. This is the upper
bound weight of MCCs in the generic seismic test data base.

MCC/GERS Caveat 5 - Anchored Throuah Base Channel. The MCC should be
anchored through an integral base channel or an external base. channel which
is connected to the MCC by internal bolts. The intent of this caveat is to
avoid anchoring MCCs through flimsy or flexible sections in which
significAnt bending of sheet metal could' occur during an earthquake.

MCC/GERS Caveat 6 - Load Path Ch.tri. The load transfer path from the
anchoraae to M!e frame of the MCC should be checked for adequacy. If the
MCC trame is connected to external base structural members with internal

( mounting bolts, then these bolts si.ould be at least 3/8 inches in diameter.
Any sheet metal cabinet components used for anchorage should have
reinforcement. Excessive eccentricities in the internal load path which
allow sig,,ificant bending of sheet metal should be evaluated separately for
adequacy and stiffness.

MCC/GERS Caveat 7 " Functio. Durina" GERS. The " Function During" GERS can
beusedonlyifalltherelayswithintheMCChaveGERSgreaterthan4.5gwithin the amplified spectral region. For this caveat, the term " relays
does not include contactors and other starter components. Auxiliary
contacts of contactors require a separate relay evaluation as descrioed in
Section 6 if they are used for external control or lockout signals.

B.1-6
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j

O !
MCC/GERS Caveat 8 " Function After" GERS. The " Function After" GERS can !

be used if it can be demonstrated that the starters can be reset. The ;

Relay functionality Review in Section 6 describes the. guidelines for
,

evaluating the acceptability of resetting relays and starters. Note that, i
in general, both system tolerance of the changed state and operator i

availability for manual reset should be shown. .

MCC/GERS Caveat 9 - 3.5a " Function After" GERS for Intearal Bases. The i

3.5g " Function After" GERS can be used only for MCCs with integral welded -

structural base members. This base framing configuration is typical of
IMCCs of the generic seismic test data base representative of the 3.59

" Function After" GERS.

i
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Figure B.1-1. Generic Equipment Ruggedness Spectra (GERS) for
Motor Control Centers. (Source: Reference 6)
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Low Voltage Switchgear7

!
!

B.2 LOW VOLTAGE SWITCHGEAR
,

,

B.2.1 Boundino Spectrum - Low Voltaae Switchaear (LYS)

i

The earthquake experience data base equipment class of low voltage
Iswitchgear (LYS) assemblies consists of one or more circuit breakers and-
'

associated control relays, instrumentation, disconnect switches, and
distribution buses mounted in a sheet metal enclosure. The term " low
voltage switchgear" is associated with circuits of 600 volts or less, |

|f
typically 440 to 480 volts in modern power plants and industrial
facilities.

|
,

Switchgear assemblies are composed of vertical sections which normally- |
contain stacks of two to four circuit bteaker cubicles. The vertical !

,

q section is a sheet metal enclosure welded to a framework of steel angles or {
,

V channels. Each section inclu' des a circuit breaker or other control devicesi
;

in a forward compartment and bus connections for the primary circuits in j
the rear compartment.

|

A section of a switchgear assembly is typically 90 inches in height and j
60 inches in depth. The width of each section ranges from 20 to 36 inches,

,

depending on the size of the circuit breaker it contains. A typical
section weighs about 2000 pounds. Individual sections are bolted together [
through adjoining walls to form an assembly. LYS assemblies normally

,

| include at least one cubicle tha; serves as a metering compartment. The
1

compartment typically contains ammeters, voltmeters, relays, and
transformers.

:
( i

Most low voltage circuit breakers are the drawout type. They are mounted
on a roller / rail support system that allows them to be disconnected from
their primary contacts at the rear, and drawn forward out of their sheet

,

B.2-1
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metal enclosure for maintenance. While in operation, the circuit breaker
clamps to bus bars in the rear of the switchgear assembly. Additional
positive attachment of the breaker to its enclosure is made by a mechanical
Jack or racking mechanism which slides the breaker in or out of its
operating position.'

The circuit breaker can include the following types of components: spring-
actuated electric contacts, a closing solenoid, various types of tripping
devices (overcurrent, shunt, under voltage), fuses, and auxiliary switches.

Low voltage breakers may be combined in assemblies with transformers,
distribution panels, medium voltage breakers, and motor controllers.

Circuit breakers, relays, instrumentation, the switchgear assembly
enclosure, internal transformers, attachments such as junction boxes, and
attached conduit or cables are included in the Low Voltage Switchgear
equipment class.

The Bounding Spectrum (BS) represents the seismic capacity of a' Low Voltage
~

Switchgear (LVS) if the switchgear meets the intent of the following
inclusion and exclusion rules.

LVS/BS Caveat 1 - Earthauake Experience Data Base. The low voltage
switchgear should be similar to and bounded by the LVS class of equipment
of the earthquake experience data base. The discussion above briefly
summarizes the class description of LYS in the data base.-

LVS/BS Caveat 2 - Ratina of 600 V or less. The low voltage switchgear
should have a 600 V rating or less. This is the upper bound voltage rating
of LVS in the earthquake experience data base,

j
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i
'

LVS/BS Caveat 3 - Ad.iacent Cabinets Bolted Tooether. Adjacent cabinets !

which are close enough to impact each other and sections of multi-bay
cabinet assemblies should be bolted together if any of these caoinets
contain essential relays. The concern addressed in this caveat is that i
unbolted cabinets could respond out of phase to one another and' impact each i
other during an earthquake. This would cause additional impact loadings
and high frequency vibration loadings which could cause any essential ,

relays to chatter. ;

LVS/BS Caveat 4 - Attached Weiaht of 100 Pounds or Less. Equipment and +

their enclosures (but not conduit) mounted externally to cabinets and |
.

supported by them should have a weight less than about 100 pounds per
cabinet. The concern is that the center of gravity of the cabinet will be a

raised too high, the total weight of the cabinets will be too large, or
large eccentric weights will introduce excessive torsion. The concern is i

directed primarily for equipment not normally supplied with the switchgear i

and thereby possibly not included in the seismic experience data basa
equipment class. The load path of the attached component through the
cabinet should be carefully examined. In addition, its attachment should
be reviewed to ascertain whether the-attached component may become a

,

seismic interaction hazard source. Conduit was deleted from the caveat
since conduit supported above switchgear is well represented in the seismic,

experience data. Additional support of the cabinet and attached equipment*
,

will alleviate these concerns and satisfy the '. tent of this caveat. ;

For the purposes of anchorage checking, thr effective weight of any
attached conduit and equipment should be included in the cabinet weight, j

LVS/BS Caveat 5 Externally Attached items Riaidiv Anchored._ Externally
attached items should be rigidly attached to the cabinet. The' concern
addressed by this caveat is that these items could impact the cabinet and -

,

possibly lead to relay chatter, or impact other components of the -

|
,

switchgear as a seismic interaction hazard. As an example, some electrical '

cabinets have small, externally attached panels mounted on hinges to the |
main cabinet frame. During seismic motion the externally attached panel ,

may swing and cause significant impact loading to the electrical panel.
,

LVS/BS Caveat 6 - General Confiouration Similar to ANSI C37.20 Standards.
The general configuration of the cabinets should be similar to those
constructed to ANSI C37.20 Standards. The switchgear does not have to
conform exactly to ANSI standards but should be similar with regard to the ;

gage of the steel, internal structure and support. This caveat is intended
to preclude unusual designs not covered by the data base (thin gage :

material, flimsy internal structure, etc.) In general, cabinets
manufactured by the major manufacturers of switchgear conform to this
caveat if they have not been modified.
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LYS/BS Caveat 7 - Cutouts Not Larae. Cutouts in.the lower half of cabinet I
sheathing should be less than 30% of the width of the side panel, and the _ i

height of the cutout should be less then 60% of the width of the side i
panel. This caveat also applies to side panels between multi-bay cabinets. 1Cutout restrictions do not apply to the bus transfer compartment if the- j
remaining part of the encles!re conforms with the cutout limitation. The- 1

concern of this caveat is that the shear load from the earthquake will not
be able to be transferred through the shear walls to the anchorage.
Reinforcement around the cutout with additional plate or steel members may ,

alleviate the concern of shear transfer. I

LVS/BS Caveat 8 - Doors Secured. All doors should be secured by a latch or- {fastener. The concern addressed by this caveat is that loore doors could ;

repeatedly impact the housing and be damaged or cause internal components !
such as relays to malfunction or chatter. '

LVS/BS Caveat 9 - Adeauste Anchoraae. The unit should be properly anchored
in accordance with the_ guidelines of Section 4.4. j
LVS/BS Caveat 10 - Potential Chatter of Essential Relavs Evaluated. If '

relays are mounted on the equipment, a relay functionality review in
accordance with Section 6 should be performed.

LVS/BS Caveat 11 - No Other Concerns. There should not be any other ;
concerns with the seismic capacity of the switchgear. Seismic Capability '

Engineers should seek out suspicious details or uncommon situations not
specifically covered by the caveats.

B.2.2 GERS - low V,pitaae Switchaear

The generic seismic test data base equipment class of LYS includes steel
enclosures containing several draw out type circuit breakers, bus bars,
protective / auxiliary relays, and meters. Units have a maximum rating of I
600 VAC or 250 VDC. The metal enclosure sections are typically 20 to ' '

30 inches wide, 60 inches deep, and 60 to 90-inches high.- They are !
fabricated of 14 gage (0.0747 inches thick) or heavier steel sheets-framed

1

with angles, with anchorage provisions included in the base frame. The 1
'

weight per section of the'switchgear assembly ranges- from 1000 to
1600 pounds. The units should be mounted within ANSI-type metal enclosures ]

B.2-4
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with either welded or bolted anchorage. To exclude specialty-type !

switchgear, the class is limited to the following four manufacturers:
;,

ITE/ Brown Boveri, Westinghouse, General Electric, or Powell.
;
;

The GERS represent the seismic capacity of a low Voltage Switchgear (LYS) I
if the swiichgear meets the intent of the following inclusion and exclusion ;

rules. !

.

LVS/GERS Caveat 1 - Generic Seismic Test Data Base. The low voltage l
switchgear should be similar to and bounded by the LVS class of equipment
of the GERS data base. The discussion above briefly summarizes the generic
seismic test data base LVS class description. ;

LVS/GERS Caveat 2 - Boundino Soectr im Caveats- Anolv. The switchgear should'"

meet all the caveats given for-the Bounding Spectrum. This caveat is
included to cover the vulnerabilities identified in the earthquake
experience data base. Those GERS caveats which are the same as the

.Bounding Spectrum caveats are not repeated below.
|

Vt :

| LVS/GERS Caveat 3 - Floor Mounted Switchaear. The low voltage switchgear ;
must be housed within a floor-mounted ANSI-type enclosure. This ensures
consistency with enclosures included in the generic seismic test data base. ,

:

LVS/GERS Caveat 4 - Manufactured by Maior Vendors. The switchgear must be
manufactured by either ITE/ Brown Boveri, Westinghouse, General Electric, or ,

i Powell. These are the LYS manufacturers included in the generic seismic-
test data base.

|
LVS/GERS Caveat 5 - Weicht less than 1600 Pounds. The average weight per
section should be less than 1600 pounds. This is the upper bound weight
limit of LYS in the generic seismic test data base.

<

LVS/GERS Caveat 6 - Seoarate Evaluation of Rackino Mechanism. Breaker ;

positioning or racking mechanisms should be evaluated. There should be '

sufficient side to-side constraints to prevent secondary / auxiliary breaker ;
contacts from opening. The evaluation may consist of an inspection by the i

SRT. This caveat is intended to address potential damage or operational
problems due to excessive relative motion between the drawout breaker and

1

the switchgear cabinet frame as was observed in an example from the generic !

seismic test data base.

I
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LVS/GERS Caveat 7 - Base Anchoraae Evaluation. The switchgear should be
base anchored and the installed enchorage should be evaluated as described i

in Section 4. This caveat ensures applicability of the generic seismic !
test data base. '

!LVS/GERS Caveat 8 - No Sn-eial'Puroose Switchaear. Switchgear GERS do not
apply to special purpose switchgear such as those used for reactor trip. '

Special purpose switchgear may be custom designed and manufactured. and not
included in the generic ' seismic test data base.

|

LYS/GERS Caveat 9 - Relav Screenina Reauired. Relays which control |
switchgear operation should not appear on the Low Ruggedness Relays list- ;
'given in Reference 32). '

LVS/GERS Caveat 10 - Additional Relav Screenina Reauired. Additional
screening evaluation of relays is. .in general, required (see Re.'erence 8)
only if the relay is essential to other equipment. The guidelines for
identifying and evaluating switchgear relays are described in Section 6. .
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Figure B.2-1. Generic Equipment Ruggedness Spectra (GERS) for
:Low Voltage Switchgear. (Source: Reference 6) ,

B.2-7

;

)

,

_ , , , , ...-m,.. ~ + . , - - ---- .- -r-~~ -



- - . .. - - . .- - - --. --

!

I
Equipment Class #3 Revision 2 |

g Medium Voltage Switchgear ;

,

t

!

B.3 MEDIUM VOLTAGE SWITCHGEAR

B.3.1 Boundina Spectrum - Medium Voltaae Switchaear (MVS)

The earthquake experience data base equipment class of medium voltage-
switchgear (MVS) assemblies consists of one or more circuit breakers and !

!associated control relays and instrumentation mounted in a sheet metal
enclosure. The equipment class includes electrical switching and fault |
protection circuit breakers for systems powered between 2400 and !
4160 volts. Medium voltage circuit breakers are mounted;in sheet metal f
cabinets which are bolted together, side-by-side, to form a switchgear_ (
assembly.

Medium voltace circuit breakers or load interrupter switches are often.

( integrated into unit substations that may include a transformer (typically
5 4160/480 volt), a set of low voltage switchgear, or a distribution j

switchboard. The switchgear assembly also may include internal
transformers, junction boxes, and attached r.onduit and cables. The basic '

component of a medium voltage switchgear assembly is a metal-clad-
enclosure, typically containing a circuit breaker compartment in a lower
section and a metering compartment in an upper-section. The rear of the
enclosure is a separate compartment for primary electrical connections.
The enclosure consists of sheet metal panels welded to a supporting frame
of steci angles or channels. Individual enclosures are typically 90 inches

! in height and approximately 90 inches in depth. The width of an enclosure
typically varies from 24 to 36 inches, depending on the size of the circuit

i breaker within. The we'ght of a metal-clad enclosure ranges from 2000 to
3000 pounds, with the circuit breaker itself weighing from 600 to
1200 pounds. 1
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Electro mechanical relays are mounted either to the swinging doors at the !
front of the enclosure, or to the interior of the metering compartment.
Relaysaretypicallyinsertedthroughcutoutsinfthedoorandsecuredby i

screws through a mounting flange into the sheet metal. The metering
'compartment may also contain components such as ' ammeters, voltmeters, hand

switches, and small transformers. j

The medium voltage circuit breakers commonly used in power plant ;

applications include the drawout-type air magnetic circuit breakers, and
stationary load interrupter switches. Each type is discussed in this. i

section. *

,

r
Drawout, air-magnetic circuit breakers are mounted on rollers to allow them :

to be wheeled in and out of their individual sheet metal enclosures. 'There- i

are two general types of drawout circuit breakers: the horizontally-racked
,

model and the vertically racked model. !

The horizontally racked model has clamping bus-connections at its rear. It -i

is racked into operating position by a mechanical jack that rolls. the '!
circuit breaker into contact with the bus connections at the rear of its i

enclosure and secures it in place. The weight of the circuit breaker rests !

on the floor of its sheet metal enclosure, j

! !

| Vertically-racked circuit breakers roll into position within their
enclosure and are then engaged by a jack built into the, walls of the |

enclosure. The jack lifts the circuit breaker several inches above'the
floor, until the clamping connections atop the circuit breaker contact the
bus connections at the top of the enclosure. The weight of the-circuit i

breaker is then supported on the framework of the sheet-metal enclosure. >

;

,
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Air-magnetic circuit breakers typically include the following types of
lcomponents:

spring-actuated contacts, tripping devices, auxiliaryswitches, and fuses.
Typical capacities for medium voltage circuit

breakers range from 1200 to 3000 amperes, {
i

Load interrupter switches perform the load connecting and interrupting
function of circuit breakers, but do not include the same capabilities of
electrical fault protection. -

Interrupter switches are bolted into sheet
metal enclosures and are therefore designated as stationary devices.
air-magnetic circuit breakers, interrupter switches usually operate with

Like

spring actuated contacts to ensure quick opening of the primary circuit.

The Bounding Spectrum (BS) represents the seismic capacity of a Medium
Voltage Switchgear (MVS) if the switchgear meets the intent of the

O following inclusion and exclusion rules.

MVS/BS Caveat 1 - Earthquake Exoerience Data Base.
be similar to and bounded by the MVS class of equipment of the earthquakeexperience data base.

_ The switchgear should

The discussion above briefly summarizes the classdescription of MVS in the data base.

MVS/BS Caveat 2 - Ratina between 2.4 KV and 4.16 KV._The switchgear shouldhave a rating between 2.4 KV and 4.16 KV.

range of MVS of this equipmont class in the earthquake experience dataThis is the typical voltagebase.

MVS/BS Caveat 3 - Ad.iacent Cabinets Bolted Tooether.
which are close enough to impact each other and sections of multi-bayAdjacentcabinets

cabinet assemblies should be bolted together if any of these cabinetscontain essential relays.
unbolted cabinets could resThe concern addressed in this caveat is that
other during an earthquake. pond out of phase to one another and impact each

and high frequency vibration loadings which could cause the essentialThis would cause additional-impact loadingsrelays to chatter.

B.3-3
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MVS/BS Caveat 4 - Attached Weicht of 100 Pounds or less.
Equipment and

their enclosures (but not conduit) mounted externally to cabinets and
su) ported by them should have a weight less than about 100 pounds per

The concern is that the center of gravity of the cabinet will becasinet.
raised too high,' the total weight of the cabinets will be too large, or

The concern islarge eccentric weights will introduce excessive torsion.
directed primarily for equipment not normally supplied with the switchgear
and thereby possibly not included-in the seismic experience data base-
equipment class. The load path for the attached component through the
cabinet should be carefully examined, in addition, its attachment should
be reviewed to ascertain whether the attached component may become a

Conduit was deleted from the caveatseismic interaction hazard source.
since conduit supported above switchgear is well re1 resented in the seismic

Additional support of the ca)inet and attachedexperience data base.
equipment will alleviate these concerns and satisfy the intent of this
caveat.

For the purposes of anchorage checking, the effective weight of any
attached conduit and equipment should be included in the cabinet weight.

MVS/BS Caveat 5 - Externally Attached items Ricidiv Anchored. Externally
attached items should be rigidly attached to the cabinet. The concern
addressed by this caveat is that these items could impact the cabinet and
possibly lead to relay chatter or impact other components of the:switchgear
as a seismic interaction hazard. As an example, some ebetrical cabinets
have small, externally attached panels mounted on hinges to the main
cabinet frame. During seismic motion the externally attached panel may .

swing and cause significant impact loading to the electrical panel.

MVS/BS Caveat 6 - General Conficuration Similar to ANSI C37.20 Standards.
The general configuration of the cabinets should be similar to those
constructed to ANSI C37.20 Standards. The switchgear does not have to !

i

conform exactly to ANSI standards but should be similar with regard to the
gage of the steel, internal structure and su1 port. This caveat is intended
to preclude unusuri designs not covered by t3e data base.(thin gage
material, flimsy internal structure, etc.). In general, cabinets i

manufactured by the major manufacturers of switchgear conform to this- 1

1
caveat if they have not been modified.

i

MVS/BS Caveat 7 - Cutouts Not taroe. Cutouts in the lower half'of cabinet
sheathing should be less than 30% of the width of the side panel, and the
height of the cutout should be less than 60% of the width of the side

This caveat also applies to side panels between multi bay cabinets, ipanel. '

Cutout restrictions do not apply to the bus transfer compartment if the
remaining part of the enclosure conforms with the cutoe' limitations. The

g'B.3-4
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concern of this caveat is that the shear load from the earthquake will not I
be able to be transferred through the shear walls to the anchorage. I
Reinforcement around the cutout with additional plate or steel members may :

! alleviate the concern of shear transfer. i
. .

' MVS/BS-Caveat 8 - Doors Secured. All doors should be secured by a latch or
fastener. The concern addressed by this caveat is that the doors could
open during an earthquake, and the loose door could repeatedly impact the
housing and be damaged or cause internal components such as relays to
malfunction or chatter.

MVS/BS Caveat 9 - Adeauate Anchoraae. The unit should be properly anchored
in accordance with the guidelines of Section 4.4. y

,

MVS/BS Caveat 10 - Potential Chatter of Essential Relays Evaluated, if

relays are mounted on the equipment, a relay functionality review in
accordance with Section 6 should be performed.

,

MVS/BS Caveat 11 - No Other Concerns. There should not be any other
concerns with the seismic capacity of the switchgear. Seismic Capability
Engineers should seek out suspicious details or uncommon situations not i
specifically covered by the caveats.

,

B.3.2 GERS - Medium Voltaae Switchaear

The generic seismic test data base equipment class of metal clad medium-
Ivoltage switchgear includes steel panel enclosures containing several

wheel mounted draw-out type circuit breakers, bus bars, auxiliary /
protective relays, transformers, switches, and meters. Units are medium '

voltage rated at 5000 VAC. Circuit breakers which must be jacked up to ;

engage (vertical lift) into the connected position are not included in this
class. The equipment in the GERS data base include' ANSI C37.20 enclosures

whose nominal section sizes are 30 inches wide, 60 inches deep, and
90 inches high. They are fabricated of 12 gage (0.1046 inches thick) or i

heavier steel sheet metal and framed with angles, with anchorage provisions I

included in the base frame. Widths of MVS can range between 24 inches and

42 inches. Some cubicles can be essentially empty, while other cubicles

i
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can house very heavy circuit breaker units. In general, a single cubicle
which houses a circuit breaker can typically weigh between 3000 and
5000 pounds. The MVS GERS equipment class covers most medium voltage

switchgear used in power plants for overcurrent protection in primary
voltage (normally 4160 VAC) distribution systems.

The GERS represent the r^i Mi.: capacity of a Medium Voltage hitchgear
(MVS) if the switchgear wts the intent of the following inclusion and
exclusion rules.

MVS/GERS Caveat 1 - Generic Seismic Test Data Base. The switchgeae should
be similar to, and bounded by, the MVS class of equipment of the GEh5 data
base. The discussion above briefly summarizes the generic. seismic test.
data base MVS class description.

MVS/GERS_ Caveat 2 - Boundina Soectrum Caveats Apolv. The switchgear theuld
meet all the caveats given for the Bounding Spectrum. This caveat is
included to cover the vulnerabilities identified in the earthquake
experience data base. Those GERS caveats which are the-same as the
Bounding Spectrum caveats are not repeated below.

MVS/GERS Caveat 3 - Floor-Mounted Switchaear. The medium voltage
switchgear should be housed within a floor-mountad ANSI ty>e enclosure.
This ensures consistency with the enclosures included in tie generic
seismic test data base.

MVS/GERS Caveat 4 - No Jack-Un or Vertical-lift Tyce Breakers. The
breakers should be the wheel-mounted type and not a , jack-up or. vertical-
lift type. This is the only breaker configuration represented in the
generic seismic test data base.

MVS/GERS Caveat 5 - Weiaht less than 5000 Pounds. The average weight per
vertical breaker section should be less than 5000 pounds (review of.
manufacturer's submittals is sufficient). This is the upper bound weight-
limit of sections included in the generic seismic test data base. )

;

MVS/GERS Caveat 6 - Separate Evaluation of Rackina Mechanism. Breaker
positioning or racking mechanisms should be evaluated. There should be isufficient side-to-side constraints to prevent secondary /auxiliery breaker
contacts from opening. The evaluation may consist of t.n inspection by the
SRT. This caveat is intended to address potential damage or operational
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problems due to excessive relative motion between the drawout breaker and
the switchgear cabinet frame as was observed in an example from the generic j

seismic test data base.

MVS/GERS Caveat 7 - Inggetion of Internal Comoonent Mountinas. To utilize +

3.0g GERS level for medium volta e switchgear,-an inspection of internal
component mountings should be conducted. This ins)ection should include.a ;

general judgment of mounting adequacy for support 3 rackets and attachments
of items such as, but not limited to, current and potential transformers.
Particular attention should be given to components supported upon other
components. Past shake table test experience has shown that internal
components such as small current transformers may loosen during seismic
motion and break free from their attachments. The concern is that
inadequately mounted internal components may impact and damage other
sensitive switchgear components.

.

MVS/GERS Caveat 8 - Base Anchorace Evaluation. The switchgear should be ;

base anchored and the installed anchorage should be evaluated as described
in Section 4. This caveat ensures applicability of the generic seismic
tes, data base. i

p MVS/GERS Caveat 9 - No Soecial Purnose Switchaear. Switchgear GERS do not -

Q apply to special purpose switchgear such as those used for reactor trip.
Special purpose switchgear may be custom designed and manufactured, and not ,

included in the generic seismic test data base.
,

MVS/GERS Caveat 10 - Relav Screeninc Reauired. Relays which control
,

switchgear operation should not appear on the Low Ruggedness Relays list '

(giveninReference32).

MVS/GERS Caveat 11 - Additional Relay Screenina Reauired. Additional
screening evaluation of relays is, in general, required (see Reference 8)
only if a relay is essential to other equipment. The guidelines for

,

identifying and evaluating switchgear relays are described in Section 6.
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Figure B.3-1. Generic Equipment Ruggedness Spectra (GERS).for
Medium Voltage Switchgear. (Source: Reference 6)
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B.4 TRANSFORMERS |
r

B.4.1 Boundina Soectrum - Transformers fTRN)
,

.;

The earthquake experience data base equipment class of transformers (TRN) i

includes the unit substation type, typically 4160/480 volts, and the i

distribution type, typically 480/120 volts. Main power transformers with |

primary voltages greater than about 13,800 volts are not included in this i

class. Small transformers that are components of electrical equipment,
such as motor control centers or control panels, are also not included in I

this class but are addressed as components of other classes of electrical i

equipment, f

Unit substation transformers step power down from the medium voltage' levels '

(typically 4160 volts for use in large mechanical equipment) to lower jO- voltage levels (typically 480 volts) for use in smaller equipment.- I

Distribution transformers usually step power from the 480 volt level to the !

120 to 240 volt level to operate small mechanical equipment, battery [
chargers, or lighting systems.

Unit substation transformers included in the equipment class can be
freestanding or attached to motor control centers or switchgear assemblies.

,

They typically have primary voltages of 2400 to 4160 volts, and secondary
voltages of 480 volts. This transformer type may be either liquid- or air- *

cooled. Liquid-cooled units typically consist of a rectangular steel tank :

filled with oil or a similar insulating fluid. The transformer coils are
submerged in a liquid bath which provides cooling and insulation within the
steel tank casing. Most. liquid-filled transformers have one'or more

radiator coils attached to the side of the transformer.
\

I
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Air-cooled or e/ tyte v 4t sub, tat 199 transfc't,res are similar in size and
constructior 't, 11gdd->>oled units, except tre transformer coils are
mounted in c wr,ti%f < J 'sttel er,ciost'.re, rnNr than a liquid bath. Larger
air coolta vot. svhuatha trcr,sfor,nns we have small fans moucted to
their ewsaursts '//v breed Sir cooling

The Neinty of bth lirt'id ccoled art air-cooled unit substation4

trr ferrors Mse ty;,ical overall hsessions of 60 to 100 inches in height,
a*., 40 f,te If4 ,nchet in width and /.er,th. The weights of these units range
i am- Kre0 W 15.D's0 pounds.

Distrih,-t son transform'ers tyy,cally have primary voltages of 480 volts
stureit down to sec'>ndary voltages of 120 to 240 volts. This type of
tr ''svr.ner l' almast alwys air-cooled. The Sonstruction of distribution
5 w'.orrers is 4:sse:iti:,?ly \he same as that of unit substation
;rwafr,rrers, except d,,o a difference in size. The sizes of typical
C trtNt .,v, t%fr.> <<ers range from small wall-mounted or cabinet-mounted

. e.it- tv, hva ove 'Al dimensions of a., cut 10 inches in height, width, and.

dept',, and u 'ghk c,f 50 to 100 pounds; to larger units that are typically
''h,or w.ukJ 'A . dimensions rangiag up to the size of unit substationg ,

trrasFen~ s a weights ranging up to 5000 pour ds.

The trans ;wer equipment class includes the enclosure along with the
f internals a,ij attached cable and conduit.

The Beu. ding Spectrum (BS) represents the seismic capacity of a Transformer
(TRN) af the transformer meets the intent of the following inclusion and
exclusion rules.

B.4-2
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IRE BS Caveat 1 - Earthauake Experience Data Base. The: transformer should )
be similar to and bounded by the TRN class of equipment of the earthquake )
experience data base. The discussion above briefly summarizes.the class ;
description of TRNs in the data base. i

.

TRN/BS Caveat 2 - Ratina of 4.16 KV or less. The transformer should have a I
4.16 KV rating or less. This is the upper bound voltage rating of I
transformers included in the experience data base equipment class. I

1

TRN/BS Caveat 3 - Transformer _ Coils Restrained Within Cabinet. For floor- i
mounted dry and oil-type units, the transformer coils should be restrained i

within their cabinet so that relative sliding and rocking motions between '

the transformer coil and their cabinet is kept to an acceptable level. The .2
concern is that excessive relative motions may damage the wiring yoke, or :

that the coils may come in contact with their cabinet which may result in a |

short circuit or damage to the electrical insulation. = This caveat ;

especially applies to transformers whose installation procedure recommends 1

that bolts used to anchor the coils during shipping be removed. If the !
unit is factory-sealed or constructed so that removing shipping anchors is i

precluded, no internal inspection is necessary, j

TRN/BS Caveat 4 - Wall-Mounted Units Anchored Close to Enclosure Suonort. '
.

The transformer coil contained in wall-mounted units should have engineered ,

anchorage and be anchored to its enclosure near the enclosure support i

surface. The concern is that a well-engineered load path should exist for j
| earthquake loadings from the transformer coil (which is relatively ;

massive), through the enclosure, and to the enclosure su) port.- If the ;

transformer coil is not anchored to the enclosure near tie enclosuret

support surface, a calculation can be performed to show that the earthquake !
! loadings can be transferred to the anchorage. :

t
TRN/BS Caveat 5 - Weak Way Bendina. The base assembly of floor-mounted
units should be properly braced or stiffened such that lateral forces in
any direction do not rely on weak-way bending of sheet metal or thin webs

,

of structural steel shapes. If unbraced or unstiffened steel webs are !

used, they should be specially evaluated so that adequate strength and :

stiffness is ensured. !

'TRN/BS Caveat 6 - Ad.iacent Cabinets Bolted Tooethen Adjacent cabinets
which are close enough to impact each other, and sections of multi-bay icabinet assemblies should be bolted together if any of these cabinets
contains essential relays. The concern addressed in'this caveat is.that i

unbolted cabinets could respond out of phase to one another and cause - t

impact loadings and high frequency vibration loadings which could cause any I

impact sensitive essential relays to chatter.
|

.

| B.4-3
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TRN/BS Caveat 7 - Doors Secured. All doors should be secured by a latch or
fastener. The concern addressed by this caveat is that the doors could
open during an earthquake, and the loose door could repeatedly. impact the
housing and be damaged or cause internal components such as relays to
malfunction or chatter.

TRN/BS Caveat 8 - Adeagate Anchoraae. The unit should be properly anchored
in accordance with the guidelines of Section 4.4.

TRN/BS Caveat 9 - Potential Chatter of Essential Relays Evaluated. If'
relays are mounted on the equipment, a relay functionality review in
accordance with Section 6 should be performed.

TRN/BS Caveat 10 - No Other Concerns. There should not be-any other
concerns with the seismic capacity of the transformer. Seismic Capability
Engineers should seek out suspicious details or uncommon situations not
specifically covered by the caveats.

B.4.2 GERS - Transformers

The generic seismic test data base equipment class of Transformers includes
only dry-type transformers. The equipment in the GERS data base is limited
to unitt, which range from 7.5 to 225 KVA capacity with either single- or
three-phase voltage ratings of 120-480 volts AC. These transformers are
housed in NEMA-type metal enclosures which can be either wall-mounted or
floor mounted.

The GERS represent the seismic capacity of a Transformer (TRN) if 'the '
,

transformer meets the intent of the following inclusion and exclusion
rules.

TRN/GERS Caveat 1 - Generic Seismic Test Data Base. The transformer should
be similar to and bounded by the TRN class of equipment of the GERS data.
base. The discussion above briefly summarizes the generic seismic test
data base TRN class description.

B.4-4
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i

,

TRN/GERS Caveat 2 - Boundina Soectrum Caveats Aoolv. The transformer
ishould meet all the caveats given for the Bounding Spectrum.' This caveat
,

is included to cover the vulnerabilities identified in the earthquake '

experience data base. Those GERS caveats which are the same as the
Bounding Spectrum caveats are not repeated below.

TRN/GERS Caveat 3 - Only' Dry-Tvoe Transformer. The transformer should be a !
dry type unit. Oil-filled units are excluded as they'are not included in :
the generic seismic test data base.

;

TRN/GERS Caveat 4 NEMA-Tvoe Enclosure The transformer should be housed
within a wall- or floor-mounted NEMA-type enclosure (review of

.

,

manufacturer's submittals is sufficient). This is the enclosure type' '

represented by the generic scismic test data base.
;

TRN/GERS Caveat 5 - Voltaae Ratina of 120-480 VAC. The transformer should.
have a single- or three phase voltage rating of 120-480 volts AC (review of
manufacturer's submittals or transformer name-plate is sufficient).

TRN/GERS Caveat 6 - Caoacity of 7.5 to 225 KVA. The transformer should
have a capacity of 7.5 to 225 KVA (review of manufacturer's submittals or

| transformer name plate is sufficient).
,

TRN/GERS Caveat 7 - Weiaht of 180-2000 Pounds. .The transformer should
weigh between 180 and 2000 pounds (review of the manufacturer's submittals
or transformer name-plate is sufficient).

:

TRN/GERS Caveat 8 - Transformer Internal suonorts. The internal sapports
should provide positive attachment of the transformer components ta load
transfer path for seismic loads is necessary). An adequate load path .

should exist for earthquake loadings of the transformer coil through the.

enclosure support. A calculation may be performed to show that the;

earthquake loadings can be transferred to the anchorage.

,

O " '-'
:

.

$

. -, , .- .. - - . - - ,, . __, ,- - - - , . .



. . -. .- . . ., . _. . . .-

Equipment Class #4 Revision 2 |
Transformers !

' |

'

G E RS-TR.3
12/1/86

i

1

t

i

S. 5 i
t !, | i

'
,

. ,
.

.

P ; 5 % Damping' ;'

!
e -

;

4 1, ,
.

-

C ! I !
'

I
' ''

..s _ . . . . _ q ~.__ .; - .c .j.. .,:_......

'
< >

g 4 p_ _ . ~ . . . . _ . . . . . .

! !" ; | |{l !:r '
. <

a i; ; ,

|
'

.I i ,

'
I

,
*

i i i !

A 3 - - - - -

-f : , 7 . ;2- -

,

, - , i i,

C i- : | <

!i5,|,!0 '

1 -!'

t, ,

e | ; | :
'

i- i

| g _ . . 7._ _mi . _ J .., ._.| _ . _; ; m. i. ... , , . .

e ' *
. - -

f I ;

a !
,

t '-

",
i 1

- " -- "-

.
-r + .

.

+
O !

n ,

'
i

g 0 ' ' ' ' ' ' '' ' ' ' ' i ' ' ' '

1 10 100

Frequency (Hz)
.

Frequency (Hz) 1 4 16 33
,

Dry-Type Transformers (g) 0.1 3.0 3.0 1.5 [

!

Figure B.4-1. Generic Equipment Ruggedness. Spectra (GERS) for
Dry-Type Transformers. (Source: Reference 6) .

!
B.4-6 '

I

t

e.

<w- a. . . - . - - - - , . .,<v..+ < w , --.. . . . n. +, w- -



. . . .. - _. -. - -. . - . - . - . _ _ = .

Equipment Class #5 Revision 2 ;

Horizontal Pumps '

F

fB.5 HORIZONTAL PUMPS

B.5.1 Boundina Soectrum - Horizontal Pumos-(HP)
,

The earthquake experience data base equipment class of Horizontal Pumps
(HP) includes all pumps commonly found in power plant applications which

,

have their axes aligned horizontally. The class includes pumps driven by- .

electric motors, reciprocating piston engines, and steam turbines. The
3

common peripheral components such as conduit, instrumentation, and suction f
iand discharge lines up to their first structural anchor point are included

in this equipment class.

Pumps can generally be categorized as either kinetic (rotary impeller) or -

positive displacement types. Kinetic pumps move fluid using the kinetic |

q energy of a rotating impeller. Positive displacement pumps move fluid by !

b volumetric displacement.
,

Single-stage kinetic pumps typically include a single impeller.that moves
'

fluid primarily by centrifugal force. The suction port is normally_ mounted
along or near he impeller axis, and the discharge port is mounted nes. the

,

periphery. Pumps may range in size from fractional horsepower units, with |

capacities of a few gallons per minute (gpm), to units requiring several
thousand horsepower, with capacities of tens of thousands of gpm.

,

C

Multi-stage kinetic pumps include two or more impe11ers working in series
3

on a single shaft. Depending on the impeller design, multi-stage pumps :

move fluid using either centrifuga' force toward the periphery of the j
impeller, or propeller force along the axis of the impeller. The impeller-
is surrounded by a stationary casing or volute that directs the flow from

>>

the discharge of one impeller to the intake of.the next. '

; i
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Kinetic pumps are usually powered by electric motors with the pump and. -|
motor sharing the same' shaft through a close-coupled connection.- Larger l
multi-stage pumps sometimes couple.the motor and pump througi: a gearbox,.
which allows the pump and motor to turn at dit'ferent speeds. Single-stage 3
pumps are occasionally belt-driven, with the metor mounted to'the side, orf 1
even atop the pump casing. ' Smaller, single-stage pumps, umetimes~ mount the !

motor and impeller within the-same casing. Larger pumps', both single- and- f
multi-stage, normally have the motor and . pump in separate casings,;with i

both casings anthered tosthe same steel skid.: Kinetic pumps may also be
powered by u ;.nas or steam turbines.- *

!
!

. Reciprocating-piston.positiw osplacementapumps are s_imilar in design to U

reciprocating-piston air' compressors. They include an electric motor that-
.

.p>ws.s a set;of piston ir.pilers through.a shaft or belt- connection. The;
~

piston impellers are usually mounted within a cast block that also contains
3

the piston Trank shaft and valve mechanism.- *

'
.

Rotary-screw positive displacement pumps are somewhat similar to multi-

stage kinetic pumps, except that the screwJimpellerimoves? fluid-axially ~ l-

through volume displacement rather than through a transfer!of: kinetic:
energy from~ the impeller to the fluid. The screw impel _ler -istnormallyL
powered by an electric motor through a close-coupled shaft,

i

Kinetic and positive displacement-horizontal pumps driven by electric .;

motors, engines, and turbines are represented in the range 3from 5 to j

2300 hp-and 45 to 36,000 gpm. Submersible pumps are not-included in this -
equipment class.

,

j
l.
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'

The Bounding Spectrum .(BS) represents the seismic capacity of a. Horizontal
Pump (HP) if the pump meets the intent of the following inclusion and.
exclusion rules. ;

HP/BS Caveat 1 - Earthouake Exoerience Data Base. The horizontal pump _ i
should be similar to and bounded by the HP class of equipment of the ;
earthquake experience data base. The discussion above briefly summarizes ;

the class description of HPs in the data base.: ;
;

HP/BS Caveat 2 - Driver and Pumo on Riaid Skid. -The driver and pump should ~ !

be connected by a rigid base or common skid. The concern is.that i
differential . displacement between the pump and driver may cause: shaft i

misalignment. If they;are not mounted on a rigid skid, the potential for -
differential displacement between the driver and pump _should be specially.
evaluated.

_ ,

t
'

HP/BS Caveat 3 - Thrust Bearinas in-Both Axial Directions. Thrust
restraint of the shaft in.both axial-directions should exist.- 'The concern ;

arose from shake table testing on pumps without thrust bearings that . i
p performed poorly. In general, pumps from-U.S. manufacturers have such
V axial thrust restraint so that explicit verification is not necessary; '

however, any indication to the contrary should be investigated.
_

HP/BS Caveat 4 - Check of Lono=Unsunoorted Pioina. Brief consideration 5
should be given.to identify situations where the horizontal pump may be- j
affected by gross pipe motion, differential displacement, and excessive
nozzle loads. The concern is that excessive force.on pum;) nozzles could :
potentially break the pump nozzle or cause suff.icient ' pump case distortion. .

to cause binding, or fail the anchorage. These excessive forces are '

uncommon and need only be considered if there is a long section of ;

unsupported pipe or a heavy valve attached-to the pipe near the pump. ;

'

1

| HP/BS Caveat 5 - Base Vibration Isolation System Checked. If the unit.is '

L mounted on vibration isolators, the adequacy of the vibration isolators for .

] seismic loads should be evaluated in accordance with Section 4.4. '

,

HP/BS Caveat 6 - Sufficient Slack and Flexibility of Attached Lines. t
Sufficient slack and flexibility should be present in attached lines -(e.g., '

cooling, air, electrical) to preclude ~a line breach due to differential
seismic. displacement of the equipment and -the line's nearest support.
Sufficient slack and flexibility of lines is also considered in the seismic '

..
intercction review (Section 4.5).

P
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,

HP/BS' Caveat 7 -- Adeouate Anchoraae. The unit should be properly anchored - .;
in accordance with the guidelines of Section 4.4. j

i

HP/BS Caveat 8 - Potential Chatter of Essential Relavs Evaluated. If- ;

relays are mounted on the equipment, a relay functionality 1 revier in
accordance with Section 6 should be performed..

,
i

HP/BS Caveat-9 - No Other Concerns. There should not be.any other concerns
with the seismic capacity of the pump. Seismic Capability Engineers should-

.

seek out suspicious details or uncommon, situations not specifically covered j
by the caveats.

, ,

B.5.2 GERS - Horizontal Pumos
,

;
'

There are no GERS-for Horizontal Pumps.-

:
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O
B.6 VERTICAL PUMPS

B 6.1 Boundino Soectrum - Vertical Pumos

The earthquake experience data base equipe nt class of Vertical Pumps (VP)
includes pumps with the impeller drive shaft mounted in a vertical (as,
opposed to horizontal) direction. , Vertical pumps are typically powered by
an electric drive motor, vertically aligned, at : mounted atop a steel or

'

cast-iron support frame that is anchored to a concrete base pad.

The two general types of vertical pumps represented by: seismic experience -
data include deep-well pumps and centrifugal pumps. Motor sizes range from - -

5 to 7000 hp and flow rates range = from 95 to 16,000 gpm.

Deep-well turbine type pumps have the pump impeller attached'to the bottom
- of a long vertical drive shaft extending beneath the pump base plate.'- The

-

pump drive shaft is enclosed in a steel or cast' iron casing which extends
below the pump base plate. The pump impeller-is mounted in a contoured
housing or bowl at the base of the casing. The casing or suction pipe _is
immersed in a well and opened at the bottom for fluidiir%t.

A variation of the deep-well-turbine pump is the can-type pump. LThe casing
that encloses the impeller drive shaft'is, in turn, enclosed by an outer-
casing or can. Fluid feed to the pump flows through an. inlet'11ae, usdally
mounted in the support frame above the pump Lose plate., The'can forms an-

annular reservoir of fluid that is drawn u.to the impeller at the base of,
the inner casing.

Deep-well pumps range in size from fractional horsepower units to pumps of-
several thousand horsepower. The casings, cantilevered below the base

B.6-1
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plate, have typical le'ngt'hs of 10 to 20~ feet'. .The most mas;ive component ,

of the pump is normally the drive motor, which may weigh several tons, f
L

,

Single-stage centrifugal. pumps are configured with the. impeller mounted -

above the base piate, _ directly beneath the drive motor. The impeller is- t

housed is a casing that is' usually part- of the support frame for the drive - 1f
motor.- Instead of drawing fluid from.a'well or can beneath the pump base-
plate, the fluid inlet -is a piping attachment aligned with a. centerline _ of' -

the impeller drive shaft. The discharge line is tangential to the'. i

periphery of the centrifugal- impelle'r. cas.ing. Smaller centrifugal. pumps. [
art sometimes mounted'directly.on thetpiping system they serve,

,

The pump, drive motor, associated _ instrumentation and controls attached to-
the-pump, and: attached. piping and conduit, are' included in the vertical.
pump equipment class. The equipment- classi does 'not include; submersible.

}
pumps,

i

The Bounding Spectrum-(BS) represents the seismic: capacity'of.a-Vertical 1

Pump;(VP) if the pump meets the intent of the following : inclusion = and -

.

exclusion rules.

VP/BS Caveat 1 - Earthauake Exoerience Data-Base. The vertical pumpishould .
!-

.
. .

be similar to and bounded by the VP class of.cquipment of the earthquake.
experience data base. The discussion above briefly summarizes the class
description of VPs in the data base. '' ,

VP/BS Caveat 2 - Cantilever Imoeller Shaft less Than 20' Feet Lona. The.
impeller shaft and casing should not be cantilevered more than 20 feet: i
below the pump mounting flange. This type of cantilever vertical _ pump ,

should.have a radial bearing at the bottom of the casing to support;the l
i

impeller shaft. Twenty (20) feet represents the upper bound length of . -|

cantilever shafts of vertical pumps in the earthquake experience data base.
The concern is that pumps with longer lengths may be subject to

|

misalignment and bearing-damage.due to excessive lateral loads, damage to- i

the impeller due to excessive displacement, and damage due to interfloor

B.6-2
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displacement on multi-floor supported pumps. Either_ individual analysis or-
use of another method as a means-of evaluating vertical pumps should be
used when.the shaft cantilever length exceeds 20 feet. The evaluation
should address the concerns of excessive shaft and casing stresses' and
deflection of the impeller drive shaft.

VP/BS Caveat 3 Check of Lono Unsuonorted Pipino. .Brief consideration'
should be given to identify situations where the vertical pump may_ be-
affected by gross pipe ' motion, ' differential displacement, and excessive -
nozzle. loads. The concern is that excessive force _on pump nozzles could-
potentially break the pump nozzle'or _cause sufficient pump case distortion
to cause binding, or fail the anchorage. These excessive forces are-
uncommon and need only be considered if there is a long section of-
unsupported pipe or a heavy valve attached to the pipe near the pump..

VP/BS Caveat-4 - Sufficient Slack and Flexibility of Attached lines.
Sufficient slack and flexibility should be present in attached lines (e.g.,. 1cooling, air, electrical) to preclude a line breacii due to differential ~

1seismic displacement-of the equipment and the line's nearest support. 1
Sufficient slack and flexibility of lines is _ also considered in the-seismic
interaction review (Section 4.5),

4

VP/BS Caveat 5 - Adeauate Anchoraae. The unit'should be properly anchored
in accordance with the requirements of-Section 4'.4.

|

VD/B$ Cayggt 6 . Potential Chatter of Essential Relays Evaluated. .If
relays are mounted on the equipment,_ a relay functionality review in-
accordance with Section 6 should be performed.

y_P/BS Caveat 7 - No Other Concerns. There should not be any other concerns-
with the seismic capacity of the pump. Seismic Capability Engineers should
seek out suspicious details or uncommon situations not specifically covered

. ;

by the caveats,

l
B.6.2 GERS - Vertical Pumos - |

}

There are no GERS for Vertical Pumps.

|
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|

B.7 FLUID-0PERATED VALVES

!

B.7.1 Boundino Spectrum - Fluid-Operated Valyn ;

i
The earthquake experience data base equipment class.of Fluid-Operated |

,

Valves (F0V)_ includes a' wide diversity of valve sizes, types, and
applic'.tions, which are actuated by ' air, water,_ or oil, i Liquid-operated - -[
(i .r . , hydraulic) piston valves are not' included.in the F0V class of -
Lquipment because they_ have not been reviewed in sufficient detail to be; }

jincluded.

i
The main types of fluid-operated valves are diaphragm ~-operated, piston- f
operated, and pressure relief. valves. The most common type of fluid-

,

operated valve found in power plant applications. is a spring-opposed,.

p' diaphragm-operated pneumatic valve. The bell. housing contains:a= diaphragm.
_

(usually a thin, steel membrane) which forms a pressure barrier between the !

top and bottom sections of the housing. The position of the1 actuated rod. .

(or valve stem) is controlled by a return spring ~and the.differentialt
pressure across the diaphragm. The actuated rod position,-in turn,
controls the position of the valve. A yoke supports the bell | housing and I
connects it to the valve body. A solenoid valve or, on, larger valves, a
pneumatic relay controls the air pressure difference across the diaphragm._ -

This solenoid valve or pneumatic relay is often mounted directly to the "

operator yoke.

Pist"-operated valves are similar to diaphragm-operated valves, withL a - :
1

piston replat ng the diaphragm as the valve actuator. The piston. typically i

acts in opposition to a spring to control the position of the valve.

;
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Pressure relief valves are also included in; thisf equipment class. Pressure-
relief valves balance confined fluid pressure against the force ~ of a
spring. The actuating force in!a pressure. relief valve:is supplied by the-
fluid that is confined by the valve. Fluid-operators are typically ~
cantilevered either above or to the side of the_ valves they serve., The-

. length from the cantilevered actuator to the valve body.is typically 1 to
4 feet, with operator weights ranging up to several hundred-pounds. The

talve and actuator can form a continuousibody, or the actuator can be
attached to the valve through a flanged,-threaded, or ring clamp
connection.

The. valve, the operator, and peripheral attachments (air l'ines, p'neumatic
relays,' control solenoids, and conduit) are' included-in the Fluid-Operated -
Valve equipment class. The valve may be .of. any type, size, or orientation.

The Bounding Spectrum-(BS) represents the seismic capacity of:a Fluid-
Operated Valve (F0V) if the' valve meets the intent of the following
inclusion and exclusion rules.

F0V/BSCaveat1-EarthouakeExperienceDataBase.|Thevalveshould-be
similar to and bounded by the F0V class of. equipment of the earthquake
experience data base. The discussion above briefly summarizes the class:
description-of F0Vs in the data base.

F0V/BS Caveat 2 - Valve Body Not of Cast Iron. The valve body should not
be made of- cast iron. The intent of this caveat-is to avoid thel brittle
failure mode of cast iron as evidenced by the poor performance ~of some cast
iron components in past earthquakes. --Cast irontis not common'in_such
applications in nuclear plants; therefore,-it,is not necessary to. determine
the material of the valve body unless it appears to the Seismic Capability'
Engineers that the body'_is.made of cast iron. In such cases, if the valve
is indeed cast iron, the intent of this caveat is satisfied if seismic
stresses in the valve body due to piping loads are low (for example, less
than 20% of specified minimum ultimate tensile strength).e

*
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F0V/BS Cave'at 3 -- Valve Yoke Not of Cast Iron for Piston-Operated Valves
;i

L and Sorino-Operated Pressure Relief Valves. The yoke of piston-operateds !

- valves and spring-operated pressure relief valves should not be made of-
cast. iron.- The intent of this caveat is,to-avoid =the brittle failure mode. - i
of cast iron as evidenced by the poor performance:of.some cast iron
components in past earthquakes. Cast iron is.not common in such-

.

.

;
'

L
. applications in nuclear plants;- therefore, it is not necessary to. determine . ;

the material of the valve yoke unless it appears:to the Seismic-Capability !
Engineers that:the yoke is made of-cast iron. In such_ cases, if- the yoke .|is indeed cast iron, this caveat may be satisfied by performing:a stress 1 !

analysis of the. valve for a.3g load applied at the center of gravity of the ''

4
operator in the yoke's weakest direction. If the yoke stress is-low (for .c
example, less than 20% of'specified minimum ultimate strength), then the:
intent of the caveat is satisfied.- .

F0V/BS Caveat 4 - Mounted on 1-Inch Diameter Pioe-Line or Greater The
valve should be mounted on a: pipe line- of at least 1-inch diameter. This :
is the lower bound pipe size supporting-F0Vs in the earthquake experience
data base. The concern is that valves with heavy operators-on small-lines--
may cause an.overstressed condition in the adjacent piping. 'To satisfy the
intent of this caveat a stress analysis (that accounts for the valve
operator eccentricity) may be used.to show that:the pipe stress adjacent to

O3 the valve is low. There is no concern if the valve, the operator, and the' s
line (if smaller than 1 inch) are<well-supported and anchored to'the same asupport structure. 't

FOL a .aveat 5 - Valve Operator Cantilever Lenath for Air-00er ded- .
,

Diaohraam Valves. Sprina-Operated Pressure Relief Valves. and Liaht'Weiaht. 1
Piston-Operated Valves. .The distance from the' centerline-of'the pipe to
the top of'the operator or cylinder should not exceed the distance given in

."

Figure B.7-1 corresponding to the diameter of:the pipe. This figure.bcunds
the pipe diameter and| operator. length combinations included in the
earthquake experience data' base. The concern is:that longer operator-
lengths may lead to excessive valve yoke stress.

As a second screen to evaluate the operator weight and length, Figure B.7-2
may be used instead of the limits given in Figure B.7al provided: (1) the
yoke is not of cast iron (Caveat 3 applies), and '(2) the operator-length
does not exceed about 30% beyond the limits of Figure B.7-1.

As a third option, this caveat may also-be satisfied by performing a stress
analysis' consisting of applying a 3g-load at'the center of gravity of. the-
operator in the yoke's weakest direction. If the yoke stresses are low and

.

the relative deflections are small (to ensure that shaft binding will not
F

occur) then the caveat is satisfied.
i

O B 7-3
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Alternately,'an in-situ static test may be conducted to-demonstrate seismic
adequacy. -In these tests, a static force' equal to three-times the operator )1

-weight should be applied approximately at* the center of gravity of the - 1
operator,^ in each of the three orthogonal< principal' axes of the yoke (non- I

concurrently). Such tests should include oemonstration o_f- operability 'lfollowing the' application of the static loads. Note that all of the other-
Jlimitations still. apply.. .i

A mockup test ' stand may be used provided that the details are similar toi
those in the plant. If there are numerous valves, a_ rational test program
may be developed |to envelop the valve configurations'in the plant.:

F0V/BS Caveat 6 - Valve Ooerator Cantilever Lenath for Substantial Piston-
Operated Valves. For piston-operated valves which are of substantial ,

weight, the distance from the centerline of the pipe to' the_ top of the.
operator or cylinder and the weight of the. operator. should not exceed the
values given in Figure B.7-2 corresponding-to the diameter of the' pipe.
This figure represents the pipe diameter and-operator weight / length

'

'

combinations included in the earthquake experience data base. ~The concern-

is that longer operator lengths or-heavier operator weights may lead to '

excessive valve yoke stress, ~

>

To meet the intent of this caveat the operator length' or weight may bei

extrapolated by as much as 30%'beyond that given in Figure _-B.7-2 provided
-

.

the product of'the weight' times the lever arm does not exceed the-limits-of-
Figure B.7-2. q

If the ground motion spectra for the site is below ~the Bounding : Spectrum,-
given in Figure 4-2, over the entire frequency ra%< possible for the.
piping and valve network, the operator weight or R ,tance to:the top of the..
operator can be increased by the ratio of the spectra. .e-cantilever:
length or the operator weight should not be increased by acre than aboutL
30% beyond the limits of Figure B.7-2.

t
I

Another option for satisfying this caveat is to_ perform a' stress' analysisI

that consists of applying a 3g load at the center of gravity of the
operator in the yoke's. weakest direction. If the~ yoke stresses are' low and - '

. the relative deflections are small (to ensure that shaft binding will not
occur) then the caveat is satisfied. Alternately, a's discussed.in.F0V/BS
Caveat 5 above, a static. test may be performed.

'

F0V/BS Caveat 7 - Actuator and Yoke Not Independently Braced. .The valve
actuator and yoke should not be independently braced to the structure or

| supported by the structure unless the pipe is also' braced to the same
structure immediately adjacent to the valve. The concern .is that if the-

- operator is independently supported from the valve and attached piping,.

B.7-4
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,

then the operator may act as a pipe support' duping seismic motion and j
l' attract ~ considerable load through the yoke and possibly fail the yoke or i

bind the shaft. _ In addition, if both-the operator and the valve / pipe are 4

restrained, and if they are both not tied.back to the same structure, then ,

differential motion of support points may lead to high seismic loads and :
possible binding of the shaft. If either of these concerns _are noted, then, ";
a special evaluation should be conducted to _ demonstrate low stress and

'

small deflections.

F0V/BS' Caveat 8 '- Sufficient Sla' k and Flexibility of Attached Lines.c
Sufficicnt slack. and flexibility should be present in attached lines (e.g., #

cooling, air, electrical)- to preclude a_line breach-due to differential / 4

seismic dispice.ement of the equipment and the line's' nearest-support.
_

Sufficient slack 09d flexibility of lines.is also: considered-in|tb seismic! .

interaction review (Section14.5). '

F0V/BS Caveat 9 - No Other Concerns. There|should not be any other- :
concerns with the seismic capacity of the' valve. . Seismic Capability '

Engineers should seek out suspicious details or uncommon situations not '

specifically covered by'the caveats.
i
!
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Figure B.7-1. Valve Operator. Cantilever Length Limits for Air-Operated
Diaphragm Valves, Spring-Operated Pressure Relief Valves-
and Piston-Operated Valves of Light-Weight Construction.

3(Source: Reference 5) -i
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Figure B.7-2. Valve Operator Cantilever Length Limits for Piston- ,

Operated Valves of Substantial Weight and Construction.
.(Source: Reference 5)
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G.:
B.7.2 GERS - Air-Operated Valves (A0VF

1

1
q

The generic seismic._ test data base equipment class of air-operated valvesi
consists of spring-opposed, diaphragm-type pneumatic actuatorsLwhich are.

L designed to operate both gate and globe valves. They range in size from,12.
to.40 inches in height- (pipe centerline is reference position) with weights '

up-to 500 pounds.s The valves within this class are for 3-inch and smaller
i- - pipe sizes with design pressures less than-2,500 psi. A pneumatic. actuator.--

|
p generally consists 'of a reinforced rubber ' iaphiagm enclosed in a. steelld

;
! holising.- The valve stem and diaphragm are attached so'that.any diaphragm-

~

movement results-in valve movement. A solenoid, valve. controls the.-

admissionofhighpressureair(100to~150: psi)-tothediaphragmhousing..
|! A-return spring supplies sufficient. counter force |to close or open the

valve when air. pressure is not pushing on the diaphragm. LThe yoke'of this'.
class of pneumatic actuator is an integral part_of the unit;which is a

directly bolted to the valve bonnet. The valve body, bonnet,,and yoke-- '

material should be carbon steel. The active components of.the actuator are
'

the solenoid valve, limit switches, and a pressure regulator, all of which j
are yoke-mounted appurtenances. This equipment class covers virtually all: 'I
air-operated diaphragm valves used in small bore power planttpiping i

systems. '

The GERS represent the seismic cap'acity of an Air-Operated Valve (A0V)cif,
q

the valve meets the intent.of the following inclusion and exclusion. rules.

A0V/GERS Caveat 1 - Generic Seismic Test Data Base. 'The valve should:be-
similar to and bounded by the A0V class of: equipment of:the GERS data base. j
The discussion above briefly summarizes the genericLseismic test data-base-
A0V class description,

l

;
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A0V/GERS Caveat 2 - Boundina Spectrum Caveats Aoolv. The valve should meet |,

all the caveats given for the Bounding-Spectrum. This caveat-is included. 1
to cover the vulner eilities identified in the earthquake experience data j
base. Those GERS caveats which are the same as the Bounding Spectrum )

1caveats are not repeated below.

A0V/GERS Caveat 3 - Oniv Diaohraam-Tvoe Air Ooerated Valve ~s. -The air-: 1

operated gate or globe valve should have a spring-opposed, diaphragm-type- i

pneumatic actuator. This equipment class. does not include piston-operated, 1,

pressure relief valves, or other diaphragm-type valves powered by;fluidse - i
other than air. These valve types are the only types included in the )
generic seismic test data base.

q

A0V/GERS Caveat 4 - Evaluation of Amolified Rm N6. . The . valves.and~ I
operators were tested with the valve fixed te the shakn table. .Therefore. :

realistic amplification through the piping spemihould be included when: -

determining the amplified response of. the valve-thipipe interface for, j
comparison to the GERS. ;

;

A0V/GERS Caveat 5 - No Imoact- Allowed. A ' separate' evaluation should be
done to assure that the valve and operator will not impact sui ounding

,

- t
,

e structures and components as a result of pipe flexibility.- The concern is- |
t that impact may damage the valve, operator, yoke, stem, or attached )

-

components. This type of damage has. occurred in past earthquakes and is.
also identified as a seismic . interaction concern (Section 4.5). - :

. ?

AQylGERS Caveat 6 - Nominal Pioe Size 1 to 3-Inches. The _ nominal pipe- ,

si?t of the valve should be within the range of 1-to 3 inches. .This is the-
pipe size range included in the generic seismic test data base. .'.

A0V/GERS Caveat ~ 7 - Carbon Steel Valve Body. Bonnet and Yoke. The valvei )
body, bonnet, and yoke should all_ be carbon steel. Cast iron components i

are not covered by the GERS. Since cast ~ iron.is.not commonly used in safe
i

shutdown systems of nuclear plants, it is 'not ~necessary to determine- the' '

material used for the_ valve body, bonnet, or yoke' unless it' appears to the-
Seismic Capability Engineers that cast iron may have been used. :

|

!

!
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Figure B.7-3. Generic Equipment Ruggedness Spectra (GERS) for
Air-0perated Valves. (Source: . Reference 6)' .
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B.8 MOTOR-0PERATED AND SOLEN 0ID-0PERATED VALVES' -

!
B.8.1 Boundina Spectrum - Motor-Operated and Solenoid-Ooerated Valves

The earthquake ~ experience data base equipment class of Motor-0peratedL

Valves (MOV) and Solenoid-0perated-Valves (SOV) includes a wide diversity. j
of sizes, types, and applications. This equipment' class includes all ' !

valves actuated by either an electric motor or a solenoid. }
~

.

Components of a motor-operated valve include a motor ope ator with' a
;

control box, gear box, and drive. motor. The gear box'in'cludes the gears-
,

which link the valve actuation to the drive motor shaft.- Local controls !

typically include a relay for actuating the primary circuit to the motor,-
,

and. torque and limit switches for coordinating the drive motor and the . |
valve position. Modern valve operators.may have a local motor controller
built into the operator housing. The-valve actuator shaft-typically' passes
through the steel support frame or yoke. The valve' which isiactuated by a -

motor operator-may be of any type, size, or orientation..
i
i

Motor operators may be mounted in any position (e.g.. cantilever 2d
,

vertically above, below, or to the side of the valve). - The ycka, which
connects the operator to the valve body, may take the form.of a steel' pipe
enclosing the actuator shaft or a frame of welded beams.: 'The attachments - !

of the motor-gearbox to the yoke and the yoke to.the valve-are. typically. |
bolted flange connections, threaded connections, or ring clamps. In some . *

1

applications, motor operators:are mounted at a remote location above the *

valve. Typical motor operators weigh about 300 pounds ano-have a moment
|

arm length of two to three feet.
|

:
,
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Solenoid operators are smaller and lighter than motor operators. Solenoid--
,

operattd valves are actuated by passing an electrical current through'a
coil, thereby creating a-magnetic field which opens.or~ closes the valve. I
Solenoid operat)rs are generally more compact than motor operators ~ with- I

'

less of a cantilevered mass supported from the valve body. In addition',
solenoid-operated valves are_ typically mounted on smaller diameter lines: i

than MOVs.

The equipment class of motor-operated and ~ solenoid-operated valves includes' |
all valves actuated by either an electric motor or a solenoid. The valve, . :

the operator, and the attached conduit are included in-the Motor-0perated '

and Solenoid-0perated Valve equipment class.=

The Bounding Spectrum-(BS) represents the seismic capacity of a Motor- -

Operated. Valve (MOV). or a Solenoid-Operated Valve-(SOV) if the valve meets-
the intent of the following inclusion-and exclusion rules. '

4-
MOV/BS-Caveat 1 - Earthauake Exoerience Data Base. nThe valve should be. +

similar to and bounded by the MOV class of, equipment- of:the earthquake '

experience data base. The discussion'above briefly' summarizes the class:
description of MOVs and S0Vs in the data base. t

.

MOV/BS Caveat 2 - Valve Body Not of Cast Iron. The valve body shoilld notl-

be made of cast iron. The intent.of this caveat is to avoid the brittle.
failure mode of cast iron'as evidenced by;the poor: performance of some cast

-

iron components in past earthquakes. Cast iron is-not common in such
aaplications in nuclear plants;'therefore, it is not necessary to determine-
tie material of the valve body unless -it appears to the Seismic Capability
Engineers to be made of cast iron. In such cases, if the valve is indeed -
cast iron, the intent of this caveat is satisfied if seismic stresses;in--
the valve body due to piping loads' are low (for example, less than _20%'of ~
specified minimum ultimate tensile strength).

M0V/BS Caveat 3 - Valve Yoke Not of Cast Iron. The. yoke of the motor-
operated valve should not be made of-cast iron. The intent of this caveat

; is to avoid the brittle failure mode of cast iron a's evidenced by the poor jj per formance of some cast iron components in past earthquakes. Cast iron-is

B.8-2
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not common.in such applications in nuclear plants; therefore, it is-not
necessary to determine the material-of the valve yoke unless it appears to

'
q

be cast iron to_the Seismic-Capability Engineers. In such cases, if the-

yoke is:indeed. cast iron, this caveat may be: satisfied by performing a
stress. analysis of the valve for a' 3g load applied at the center of gravity-

of the operator in the yoke's weakest direction. If the yoke stress- is: low L

(for example, less-than 20% of spacified minimum ultimate strength), then 4
the intent of the caveat is-satisfied. !

MOV/BSCaveat4-~Mounkedon1-InchDiameterPineLineorGreater. The.
valve should be mounted on a pipe line of at least 1-inch diameter.- This,
is the lower bound pipe size supporting M0Vsiin the earthquake experience-
data base. The concern is that valves with heavy operators on small lines _
may cause an overstressad condition. in.the adjacent: piping. To. satisfy,the

_

'

intent of this caveat a stress analysis _(that accounts for the valve
operator eccentricity) may.be used to show'that the pipe stress: adjacent to- ithe valve is low. There is no concern if.the valve,:the operator, and' the
line (if smaller than 1 inch) are well supported and anchored to the.same
support structure. This caveat- does.not apply to S0Vs, which typically are 1installed on air lines smaller than 1 inch.-'

-

1

MOV/BS Caveat 5 - Valve Ooerator ' Cantilever Lenath for Motor-Ooerated
Valves. _ The distance from the centerline of the: pipe to the top of the; a
operator or cylinder and the weight of the-| operator should not exceed the - l

values given in Figure B.8-1 corresponding to the; diameter of the pipe.;
This bounds the earthquake experience data base. 'The: concern is:that-
longer operator lengths may lead to excessive ~ valve yoke stress.;

As an-option, this caveat may also be satisfied by performing:a stress- 1
analysis consisting of applying a 3g load at the center of gravity of the
operator in the yoke's weakest direction. If the yoke stresses are low and .

!the relative deflections are small (to ensure that shaft binding will not '

occur) then the caveat may be shown to be satisfied.
,;

Alternatively, an in-situ static test may be-conducted to demonstrate.
seismic adequacy. .In these tests, a static force equal:to three times' the ,

'

operator weight should be applied approximately at the center 'of gravity of-
ithe operator, non-concurrently in each of the three orthogonal principal- iaxes of the yoke. Such tests should include demonstration ~ of operability ^

following the application of the static loads. Note that all of the otherlimitations still apply.

A mockup test stand may be used provided that the details are.similar to
those in the plant. If there are numerous valves, a rational test program ;
:nay be developed to envelop the valve configurations in the plant.

B.8-3
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1

MOV/BS Caveat 6 - Actuator and Yoke Not Indeoendently Braced. The valve
actuator'and yoko should not<be._ independently _ braced to the structure ~or
supported by the- structure unless the' pipe' is also braced'to the same- ,

. structure immediately| adjacent to the ' valve. The concern?is that~ ifathe-
operator is-independertly supported from the' valve and attached piping,:

.

then the operator may act'as a pipe support during seismic motion and: !
- attract considerable ' toad through-the yoke and possibly-fail.. the yoke or

-

. bind the shaft. In ajdition,. if both the operator and the valve / pipe are: '

restrained,-and if<they are both not tied back to the''same structure,'then- d
differentia 1' motion o' support points may lead to-high: seismic loads:and - .. ,

possible binding of th? shaft. -If'either of these concerns.are noted.
special evaluation siould be conducted to demonstrate low stress and:then' t

a1 -

small deflections. -t

c

M0V/BS Caveat 7 - Sufficient Slack'and Flexibility of Attached Lines.
Sufficient slack and flexibility chould be present _in attached lines-(e.g.',

_ ,

cooling, air, electrical) to preclade a line breach due to differential"
seismic displacement.of the' equipment and-the line's nearest support.
Sufficient slack and flexibility of lines is also considered'in the. seismic'
interaction review (Section 4.5).

,

,

MOV/BS Caveat 8 - No Other Concerns. There should not: be any other
concerns with the seismic capacity of the valve. SeismicLCapability-
Engineers should seek out suspicious-details oriuncommon ~ situations not--
specifically covered by the caveats.

!

:?,

t
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Motor-Operated and-Solenoid- ;
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!,

B.8.2 GERS - Motor-Driven Valve 'Doerators

The generic seismic test data base equipment class of electric motor-driven
valve operators (MV0) includes operators designed to control the|five major

: types of valves (gete, globe, plug, ball, and butterfly). They range =in j
weight from 150 pounds up .to 3,500 pounds. - A valve operator consists of a

;

meta 1L housing which connects to the valve' body by a flange or yoke. and

contains ~1imit switches, a torque switch, an electric motor, a clutch,.
gears, and bearings. For this class of equipment, the motor controls
(reversing starter, overload relays, and. push-button station) should be

.

located in a remote _ location (usually.a motor-control center)L 'For some
valve configurations, the valve actuators are mounted:on secondary reducers 3
resulting in the actuator.being eccentric and cantilevered from the' valve
body. For these configurations, a speciali seismic' bracket supplied by-the :
manufacturer is required. The mounting position'of the _ valve operator is-
with the motor horizontal and the limit switch compartment- horizontal or'-
vertical as specified by the manufacturer. These positions will insure'the- 'l
proper distribution of lubricants through the internalf working component of

,

the units. This equipment class covers virtually allt motor-driven valve.
operators used in power plants. ]

d

The MVO GERS. represent the seismic capacity of-an electric Motor-Driven:

Valve Operator (MV0) if the operator meets the intent'of:the following-
inclusion and exclusion rules.

;)
'

MV0/GERS Caveat 1 - Generic Seismic Test Data Base. The electric motor- q
, driven valve operator should be similar to and bounded by the MVO class of-
L equipment of the GERS data base. The discussion above briefly summarizes j}'

the generic seismic test data base MVO class description. i

|
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O Operated Valves

MV0/GERS Caveat 2 - Boundina Soectrum Caveats Apolv. The operator should
meet all the caveats. given for the Bounding Spectrum for the MOV class of:
equipment of the earthquake experience data base. -This caveat is' included
tocoverthevulnerabilitiesidentifiedinthe? earthquake-experiencedata:
base. 'Those GERS caveats which are the same as the Bounding Spectrum ^
caveats are not repeated-below.

MV0/GERS Caveat 3 - Evaluation of Amolified Response. Most of the
operators tested were mounted directly to the shake table'and not on a
valve yoke structure or a valve. Therefore realistic amplification through
the piping system and valve should be included when determining the -
amplified response of the operator-to-valve interface for comparison to the'
GERS.

; MV0/GERS Cgygat= 4 - Motor Axis' Horizontal . . The motor axis 'should be -
horizontal and the limit : switch compartment should be' horizontal or -
vertical (definition of orientation directions provided in manufacturer's
submittals). These were the positions of.the motor axis and limit switch
compartment in the shake table tests of the generic seismic test-data base.

MV0/GERS Cavest 5 - No Imoact Allowed. A separate evaluation-should be
. done to assure that the operator will not impact surrounding-structures. and

components as a result of. pipe flexibility. The concern is.that impact may
damage the-operator, yoke, stem, or attached components.--This type,ofi
damage has occurred in past earthquakes and is also identified as a_ seismic.
interaction concern (Section.4.5).

MV0/GERS Caveat 6 - Motor Controls Remotely Located. 'The motor controls'-
(reversing starter, overload relays,- and push-button station) should be:
remotely located and separt.t2 evaluated. ' The motor controls were not
located on the valve operators during.the GERS testing'and:are=therefore
not included in the generic seismic ten dda base.

MV0/GERS Caveat 7 - Seismic Brackets for '3ide-Mounted Actuators. Side-
mounted valve actuators attached to-secondary reducers should have seismic
brackets as supplied by the manufacturer (review of manufacturer's
submittals is sufficient). The actuators of the generic seismic' test data
base that were tested in this orientation had seismic brackets.

B.8-7
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Equipment Class #8 Revision 2
Motor-Operated and Solenoid-

O Operated Valves

B.8.3 GERS - Solenoid-0perated Valves

The generic seismic test data base equipment class of _ solenoid-operated

valves (SOV)' consists of a combination of two basic functional units: _1) a
solenoid actuator (electro-magnet) with its plunger (or core), and 2) a
valve body containing an orifice .in which a disc or plug is positioned to
stop or allow flow. The valve is opened or closed by movement of the'
magnetic plunger which is drawn into theisolenoid when the coil is
energized. Solenoid valves can be either two-way, three-way or four-way.
valves. In the direct acting two-way solenoid valve ~, the solenoid acts:
directly on the valve stem to open. or close the valve. Three-way solenoiti
valves are principally.used'in power plants as pilot valves to alternately
apply pressure to and exhaust pressure from a diaphragm valve actuator.'

Four-way solenoid valves are often-used for controlling double-acting
pneumatic or hydraulic cylinders. The valves range-in weight- from a few

-

pounds to 45 pounds' and are made of either forged' brass or steel. The.
valves within this class are for- pipe sizes which are 1 inch or less in :

.

diameter and for design pressures less than.600 psi. - This equipment class.
-

covers virtually all solenoid-operated valves used in smal.1 bore power
plant-' piping or process air systems.

The SOV GERS represent the seismic capacity of a Solenoid-0perated Valve if
the valve meets the intent of the following inclusion and exclusion rules.

S0V/GERS Caveat 1 - Generic Seismic Test Data Base. The. valve should be
similar to and bounded by tha S0V class of equipment of the GERS data base.
The discussion above briefly summarizes the generic seismic test data base
50V class description.

B.8-9
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Equipment Class #8 Revision 2
Motor-0perated and Solenoid--

Operated Valves 1

SOV/GERS Cavent 2 - Boundina Spectrum Caveats Aoolv. - The valve 'should meet i
all the caveats given for the Bounding Spectrum for the MOV class of- . - O
equipment of the earthquake experience data base. This caveat is included l

to cover the, vulnerabilities identified in the earthquake experience. data
base. -Those-GERS caveats which are the same as_the Bounding Spectrum
caveats are not repeated'below.

,

SOV/GERS Caveat 3 - Evaluation of Amolified Response. . The valves and
,

operators were tested with the valve fixed to the shake table. Therefore-
realistic amplification through the piping system should be included when-
determining the amplified response-of the valve'-to-pipe interface foro
comparison to the GERS.

i

S0V/GERS Caveat 4 - No Impact Allowed. A separate evaluation should-be i

done to assure that the valve and operator will not impact surrounding -|
structures and components as- a result of- pipe flexibility. The concern is

~

that impact may damage the: valve, operator, yoke, stem, or attached
components. This type of damage has' occurred'in past earthquakes and is
also identified as a seismic interaction action concern (Section 4.5).

S0V/GERS Caveat 5 - Nominal Pioe~ Size 1 Inch or Less. The nominal' pipe &:
size of the valve should be 1 inch or-less. This.is the upper bound pipe Wsize included in the generic seismic test data base.

S0V/GERS Caveat 6 - foraed Brass = or Steel Valve Bodv.- The valve body
should be. made of either forged brass or steel.. 'Other materials are not-
covered by the generic seismic' test-data base,

s

SOV/GERS Caveat 7 - Orientation of Solenoid Housina. -The. solenoid housing
should be oriented in accordance with the manufacturer!s recommendations. . r
for the specific model (review'of manufacturer's submittals-is sufficient). "

Testing was performed with the solenoid housing in the recommended
orientation in the generic seismic test data base.

S0V/GERS Caveat 8 - Overall Heiaht Not to Exceed-12 Inches. 'The'overall'
height of the valve (pipe centerline to top'of solenoid housing) should not'
exceed 12 inches. This is the. upper bound height limit included in the

t

| generic seismic test data base.

SOV/GERS Caveat 9 - Separate Evaluation of Main Valve Controlled By 50V.
When the Solenoid-0perated Valve is a. pilot valve in a valve assembly, the
main valve should be evaluated separately. Note that the amplified

-

t
- response spectra at the attachment point-of the SOV should be used in the-

S0V evaluation as discussed in SOV/GERS Caveat 3.
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B.9 FANS-
,

B.9.1 Boundina Soectrum - Fans
:
F

The ' earthquake experience data base equipment chs; of Fans-(FAN) includes--

'

both freestanding and duct-mounted-fans. Fans that are1 components of other_

classes of equipment such as air handiera are handled .by other. respective q

equipment classes'and need not be specifit, ally evaluated here~.- Blowers and: j
exhausters are included in this equipment class.. ;

' Typical differential p essures for fans range from 1/2 inch to 5 inches of 1

water. Some centrifugal fans can'have differential pressures ranging up to. j
12 inches of water. Air flow rates: typically range from less than 1000 '

cubic feet per minute (cfm) to . flows on the' order ~ of 50,000 cfm.

-(N Corresponding fan drive motors typically range from I hp to 200 hp.' - !
!

Typical weights of fan units range from 100 to 1000 pounds ~, depending on-
~

'
,

capacity and design details, The two basac types of fans in this equipment '

class include axial fans and centrifugal fans.
;

4

Axial fans are used in relatively low pressure applications such as
building HVAC systems or cooling towers. Propeller fans and vane-axial j-

'

fans are the two major types of axial fans. Propeller. axial fans consist
: of two or more blades assembled on a central' shaft and revolving within a-

narrow mounting-ring. Propeller . fans are often mounted ~ to a wall or,

4
ceiling. Vane-axial fans have an impeller wheel, typically with four toi

,

eight blades, mounted to a central shaft within a cylindrical casing, a
Vane-axial fans are generally used in higher pressure, higher ~ flow
applications than propeller fans. Vane-axial fans include a set of guide :(

'

,

.

,
e
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'

Fans i

)

,

'

vanes mounted either before or after the iinpeller that streamline the air
flow for greater efficiency. A variation of vane axial design is the tube- ]
axial fan, which includes the higher pressure impeller' wheel mounted within ;
a cylindrical casing, but without the provision of vanes.

i

Certain axial fan designs include multiple impe11ers for increased pressure f
*

boost. Axial-flow fans are normally mounted inside cyllwirical ducting,
Supported by radial struts running from the duct wall to the dt.ct !

centerline. Electric drive motors are usually meunted along the dur.t ;

centerline immediately upstream of the impeller. "hkimpelierastsdrive !
'

shaft are normally cantilevered from the motor. Alternate designs mm.r.t-
the motor ca the outside of the duct with a belt connection between the- !

Imotor and the impeller drive shait.
! ;

Centrifugal fans are divided into three major categories depending upon the _[
position of their blades. The three blade positions are: forward curved,

,

radial, and backward inclined. Forward curved centrifugals have blades !

inclined toward the direction of rotation at the tip. These fans produce
| high flow volumes at low static pressures. Radial-blade centrifuge 15 have ,

| their blades positioned on the radii extending from their axis of rotation. |
Backward inclined fans are a type of centrifugal fan and have their blades I

inclined opposite to the direction of rotation at the tip. |
;

Centrifugal fans typically have a cylindrical intake duct centered on the-
fan shaft and a square discharge duct directed tangentially from the j
periphery of the fan. A variation of: the centrifugal fan is the tubular

, ;

centrifugal fan which redirects the discharged air in the axial direction. |
As with axial ~ flow f ans, centrifugal fans can have the electrical' drive 1-

motor inounted either directly on the fan shaft, or outside of the fan !
casing with a belt drive to the fan. Theimpelleranddriveshaftmayhave l

cither a d ngle-point support, where they are cantilevered from the motor, l

| B.9-2
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'
Fans

;
,

or a two-point support, where the shaft is supported both at the motor and |
at an end bearing. ;

i

The fan impeller and its enclosure, drive motor, attached ducting, mounted ;

louvers, and attached conduit and instrumentation lines arc included in the |

Fan equipment class. |
L j

'The Bounding Spectrum (BS) represents the seismic capacity of a Fan (FAN)
if the fan meets the intent of the following inclusion and exclusion rules. f

FAN /BS Caveat 1 Earthauake Exoerience Data Base. The fan should be
'

similar to and bounded by the FAN class of equipment of'the earthquake 4

experience data base. The discussion above briefly summarizes the class;

description of FANS in the data base. *

FAN /BS Caveat 2 Drive Motor and Fan Mounted on Common Base. The driver <
and fan should be Anected by a common base or attached in a way to limit "

i differential displacement. The concern is that differential displacement -

between the driver motor and fan may cause shaft misalignment. If the ;

driver motor and fan are not mounted on a common base, then the potential !

for differential displacement should be spccially evaluated. ;

FAN /BS Caveat 3._._Lona Shafts Should be SuoDorted at Fan and at Motor. i

| Axial fans with long shafts between the motor and fan should have the shaft :
; supported at the fan and at the motor. The concern is shaft misalignment. 6

i If the shaft is not supported in both locations, then a special evaluation
l should be conducted. The potential earthquake displacement of the shaft !

,

should be determined and compared to the operability displacement limits of
the fan.

FAN /BS Cavest 4 - No Possibility of Excessive Duct Distortion Causing
Bindina or Misalianment of Fan. The possibility of excessive duct :distortion during an earthquake should be considered for its effect on '

| binding or misalignment of the fan. This need only be considered in ceses
,

; of long unsupported ducts near the fan or relatively stiff ducts subjected
to significant relative support motion. A special evaluation should be| t

| conducted to evaluate for this failure mode if these conditions are i

considered to be significant by the Seismic Capability Engineers.

:
1 i
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O
FAN /BS Caveat-5 - Base Vibration Isolation System Checked. If the unit is
mounted on vibration isolators, the adequacy of the vibration isolators for-
seismic loads should be evaluated in accordance with Section 4.4.

FAN /BS Caveat 6 - Sufficient Slack and Flexibility of Attached Lines.
Sufficient slack and flexibility should be present in attached lines (e.g.,
cooling, air, electrical) to preclude a line breach due to differential
seismic displacement of the equipment and the line's nearest support.
Sufficient slack and_ flexibility of lines is also considered in the seismic
interaction review (Section 4.5).
FAN /BS Caveat 7 .13.gtate Anchoraae. The unit should be properly anchored
in accordance with the guidelines of Section 4.4.

FAN /BS Caveat 8 - No Other Concerns. There should not be any other
concerns with the seismic capacity of the fan. -Seismic Capability
Engineers should seek out suspicious details or uncommon situations not
specifically covered by the caveats.

B.9.2 GERS - Fans
i

G,
There are no GERS for Fans.

!

|
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Air Handlers j; O 1

!
i

B.10 AIR HANDLERS

i

B.10.1 Boundino Spfttrum - Air Handlers i

!

The earthqu e w .rience data base equipment class of Air Handlers (AH)- f
includes shee ; cal enclosures containing (as a minimum) a fan and a heat. ;

exchanger. Air handlers are used for heating, dehumidifying or chilling, |
and distributing air.

{
;

.

t

The basic components of an air handler include a fan and a coil section. !

Small capacity, simple air handlers are often referred to as fan coil '

units. Additional components such as filters, air-mixing boxes, and
,

dampers are included in more elaborate air handlers. Fans (normally
centrifugal) produce air flow across the coil for heat transfer. Coils act

i

o as heat exchangers in an air handler. Cooling coils are typically' !b rectangular arrays of tubing with fins attached. Filters are either a I

strainer type or the electronic type, and are typically mounted in steel I

frames which are bolted together as part of a modular system. Mixing boxes [
are used as a plenum for combining two airstreams before channeling the ;

resulting blend into the air handler unit. Dampers are rotating flaps |
provided in the inlet or outlet sides of the air handler to control the

{
flow of air into or out of the fan,

i

Air handlers are typically classified as being either'a draw-through or a [
blow through type. Draw through air handlers have the heat exchanger

,

(coil) upstream of the fan, whereas the blow-through design locates the- ]coil downstream. Air handler enclosures normally consist of sheet metal
welded to a framework of steel angles or channels. Typical enclosures
range in size from two feet to over ten feet on a side, with weights ;

|

I ranging from a few hundred pounds to severa tiousand pounds. Large |
1

O B.10-1V
i
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Air Handlers

components, such as fans and coils, are typically bolted to its ernal frames
which are welded to the enclosure framing. Fans may be located in a
variety of orientations with respect to the coil unit.

Air handlers typically include a system of atta:hed ducts which provide for
the intake and discharge of air. Additional attachments to air handlers
include piping and cooling' water or refrigerant, electrical conduit, and
instrumentation lines. Self-contained air conditioning units are a
variation of air handlers, in which the sheet metal enclosure includrs a

e

small refrigeration unit. Note that large centralized chillers are -
addressed as a separate equipment class (B.ll).

Air handler configurations range from large floor mounted units to, smaller
units suspended on rod hangers from ceilings. The sheet metal encit me ,

fans and motors, heat exchanger coils, air filters, mixing boxes, dampers,
attached ducts, instrument lines, and conduit are included in:the Air
Handler equipment class.

.e Bounding Spectrum (BS) represents the seismic capacity of an Air

Handler (AH) if the air handler meets the intent of the following' inclusion
and exclusion rules. '

AH/BS Caveat 1 - Earthouake Experience Data Base. The air handler should
be similar to and bounded by the AH clast of equipment of the earthquakeexperience data base. The discussion above briefly summarizes the class
description of AHs in the data base. '

AH/BS Caveat 2 - Anchorace of Internal Component. In addition to reviewing-
the adequacy of the unit's base anchorage, the attachment of heavy internal
equipment of the air handler must be assessed. Seismic Capability
Engineers may exercise considerable engineering judgment when performingthis review. Internal vibration isolators should meet the requirements for
base isolators in Section 4.

B.10 2
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i

AH/BS Caveat 3 - Doors Secured. All doors should be secured by a latch or i

fastener. The concern addressed by this caveat is that the doors could i

open during an earthquake, and the loose door could repeatedly impact the |housing and be damaged or cause internal components such as relays to
malfunction or chatter. In addition, the door may act as an integral i
structural member and may need to be latched to provide both stiffness and

'

strength to the unit.

AH/BS Caveat 4 - Base Vibration Isolatinn System Checked._ If the unit is :

mounted on vibration isolators -the adequacy of the vibration isolators for- !

seismic loads should be evaluated in accordance with Section 4.4.
1

. !
AH/BS Caveat 5 - Sufficient Slack and Flexibility of Attached Lines.

'

Sufficient slack and flexibility should be present in attached lines (e.g., j
cooling, air, electrical) to preclude a line breach due to differential t
seismic displacement of the equipment and the line's nearest support. ;

Sufficient slack and flexibility of lines is also considered in the seismic
,

interaction review (Section 4.5).

AH/BS Caveat 6 - Adeauate Anchoraae. The unit.should be properly anchored
in accordance with the guidelines of Section 4.4. :

AH/BS Caveat 7 - potential Chatter of Essential Relays Evaluated. If
relays are mounted on the equipment, a relay functionality review in'

:
accordance with Section 6 should be performed, i

AH/BS Caveat 8 - No Other Concerns. There should not be any other concerns
with the seismic capacity of the air landler. Seismic Capability Engineers i
should seek out suspicious details or uncommon situations not specifically :
covered by the caveats.

5.

..,
B.10.2 DE S - Air Handlers i

1

There are no GERS for Air Handlers. !

4
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|
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,

B.11 CHILLERS |
;

B.11.1 Boundina Spectrum - thillers
,

;

The earthquake experience data base equipment class of Chillers (CHL)- !
!includes skid mounted units-comprised of components such as a compressor, a

condenser,-an evaporator, and a control and instrumentation panel.-
|

Chillers condense refrigerant or chill water for indoor climate control-
systems which supply conditioned air for equipment operating environments -'

and for personnel comfort.

.

Compressors draw vaporized refrigerant from the evaporator and force it :
into the condenser. The compressor of a chiller unit may be either the
centrifugal or the reciprocating piston type. Conde.ncrs are heat |

O exchangers which reduce the refrigerant from a vapor to a liquid state,
,

- Chiller condensers are usually shell- and tube-type heat exchangers, with
refrigerant on the shell side. Evaporators are tube bundles over which -

refrigerant is sprayed and evaporated, the inverse function of the -

condenser. Evaporator tubes can have either finned or plain surfaces.
|Control panels provide local chiller system monitoring and control

functions. Typical components include: oil level switches / gauges, {
,

'

temperature switches / gauges, pressure switches / gauges, undervoltage and i
1

j phase protection relays, and compressor motor circuit breakers,
i

Chiller components may be arranged in a variety of configurations.
Typically the evaporator and condenser are mounted in a stacked

configuration, one above- the other, with the' compressor and the control,

,

panel mounted on the side. -Variations of this arrangement include the
side-by-side configuration, with the compressor usually mounted above the
condenser and evaporator, or a configuration with all components mounted

side by side on the skid. Components are usually bolted to a supporting
i- B.ll-1

,

?
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steel skid, which is, in turn, bolted to a concrete pad. Attachments to
chillers include piping for routing cooling water or refrigerant to the
unit, electrical conduit, and instrumentation and control lines. Chiller
weights range up to about 40,000 lbs.

The compressor, condenser, evaporator, local- control panel, support
framing, and attached piping, instrument lines, and conduit are included in
the Chiller equipment class.

The Bounding Spectrum (BS) represents the seismic capacity of a Chiller
(CHL) if the chiller meets the intent of the following inclusion and-
exclusion rules.

CHL/BS Caveat 1 - Earthauake Exoerience Data Base; . The chiller should be
similar to and bounded by the CHL class of equipment of the earthquake
experience data base. The discussion above briefly summarizes the class

g description of CHLs in the data base.

CHL/BS Caveat 2 - No Reliance on Weak-Way Bendina of Steel Plate or
Structural Steel Shaoes. The evaporator and condenser. tanks-should be
reasonably braced between themselves for lateral forces parallel to the'
axis of the tanks without relying on weak way bending of steel plate or ,

webs of structural steel shapes. The concern is that in weak-way bending
the structure.will not be capable of transferring the lateral earthquakeloads, if weak way steel plate bending must be relied on to brace the

|
upper tank, then the adequacy of the steel components should be specially
evaluated for adequate strength and stiffness.

CHL/BS Caveat 3 - Check Vibration isolation Systems. .S'ome chiller units
are mounted on base vibration _ isolation systems and/or are equipped with-
vibration isolators in the mountings of the compressors and/or motors to
the evaporators or condensers. The adequacy of these vibration isolators
for seismic loads should be evaluated in accordance with Section 4.4.

CHL/BS Caveat 4 - Adeauate Anchorace. The unit should be properly anchored
in accordance with the guidelines of Section 4.4.

I
B.ll-2 g
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i

CHL/BS Caveat 5 - Potential.. Chatter of Essential Relays Evaluated. If !
relays are mounted on the equipment, a relay functionality review in |
accordance with Section 6 should be performed. ;

t

CHL/BS Caveat 6 - No Other Concerns. There should not be any other !
concerns with the seismic capacity of the chiller. Seismic Capability !
Engineers should seek out suspicious details or uncommon situations not
specifically covered by the caveats. '

!

B.ll.2 GERS - Chillers i

There are no GERS for Chiller units.

;
,

4
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O
B.12 AIR COMPRESSORS

3.12.1 Boundina Soectrum - Air Comoressors

The earthquake experience data base equipment class of Air Compressor (AC)
includes freestanding air compressors together with attached components
such as air intakes, air receiver tanks, . local control panels, conduit, and
discharge lines. Air compressors can be generally categorized as
reciprocating piston or rotary screw. Be equipment class of air
compressors encompasses a wide range of siz$s, configurations, and
applications. Air compressors typically inc.ude as components: electric
drive motor, piston- or impeller-driven compre ssor,E air receiver tank, air
intake filter, air aftercooler, moisture separator, lubrication system, and
the control and instrument panel. Large compressors typically include
water jackets to cool the compressor casing and the air aftercoolers, while
smaller units are typically cooled by natural or fan-assisted convection to
the surrounding air.

!
Air compressors supply operating pressure to pneumatic instrumentation and
control systems, in particular to diaphragm operated valves. Air
compressors also charge pressurized air receiver tanks that serve the
pneumatic starting systems-for emergency engine-generators.

f

Compressor configurations in the equipment class include air receiver tank-
mounted reciprocating piston or rotary screw compressors,-skid mounted

g

reciprocating piston or rotary screw compressors, and freestanding !
reciprocating piston compressors.

B.12-1
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Reciprocating piston compressors are constructed rauch like an automobile

engine, with pistons encased in cast steel cylinders compressing the gas,
and a system of timed valves controlling the inlet and discharge. Piston
air compressors generally have one y two cylinders but may include more..
Cylinders are normally supported on a cast 1,?n crankcase, which encloses
the rotating crankshaft, linked either dircctly to the electric motor
through a drive shaft, or indirectly through a belt linkage. Reciprocating
piston compressors are commonly mounted atop an air receiver tank, and have
drive motor sizes which typically range from fractional horsepower to over
100 horsepower.

Rotary screw compressors replace the reciprocating piston with a set of
helical screws, typically encased in a cast iron block. The components and ;

attachments of the air conipressor are similar to reciprocating piston units
except that the system of timed intake and discharge valves are not
required. The most common configuration has the air compressor mounted on

top of its air receiver tank. The units are usually not large, ranging in
capacity from about 1 to 100 cfm (cubic feet per minute of discharge air), |
with drive motors typically ranging from fractional horsepower up to 30 hp.
Tank-mounted rotary screw compressors typically range in weight from about
200 to 2500 pounds.

.

Reciprocating piston and rotary screw compressors may also be mounted on a
steel skid. The skid may be either open or enclosed in a sheet metal f
housing. The skid is normally constructed of a welded steel frame with the
compressor, drive motor, receiver tank, control panel, and.other components
bolted to the frame in some convenient configuration. Skid-mounted
compressors typically range in capacity up to about 2000 cfm, with drive
motors of up to about 300 hp. Skid mounted compressors typically range in
weight from about 2000 to 8000 pounds.

1

B.12-2
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!
! ;

Freestanding compressors are usually the reciprocating' piston type with one !

or two cylinders normally cantilevered from a crankcase. The crankcase may !

form the primary support for all components, or it may be mounted on a f
steel or cast iron pedestal. Freestanding compressors include the largest !
units typically found in power plant applications, ranging in capacity up' |

|
to about 4000 cfm, with drive motors up to about 1000 hp. Freestanding ;

compressors range in weight from sm?ll units on the order of about 500 |

pounds to units as large as 10 tons.

il

The Air Compressor equipment class includes the piston- or impeller-driven ;

compressor, drive motor, air receiver tank, and attached cooling coils and |

air intakes, attached air discharge lines, instrument lines, and attached j
conduit (up to the first support away from the unit).

|
'The Bounding Spectrum (BS) represents the seismic capacity of an Air

Compressor (AC) if the compressor meets the intent of the following
inclusion and exclusion rules.

!

AC/BS Caveat 1 - Earthauake Exoerience Data Base. The air compressor
should be similar to and bounded by the AC class of equipment of the l

earthquake experience data base. The discussion above briefly summarizes
the class description of ACs in the data base.

AC/BS Caveat 2 - Check Vibration Isolation Systems. Some compressor _ units
are mounted on base vibration isolation systems and/or are equipped with ;
vibration isolators in the compressor or drive motor mountings (e.g., if ithe compressor is mounted atop an air receiver tank). The adequacy of j
these vibration isolators for seismic loads should be' evaluated in _j
accordance with Section 4.4.

i

AC/BS Caveat 3 - Sufficient Slack and Flexibility of Attached lines. l
Sufficient slack and flexibility should be present in attached lines (e.g., Icooling, air, electrical) to preclude a line breach due to differential i

seismic displacement of the equipment and the line's nearest support.
Sufficient slack and flexibility of lines is also considered in the seismic
interaction review (Section 4.5). |

!

l
l B.12-3
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,

!

AC/BS Caveat 4 - Adeounte Anchorace. The unit should be properly anchored i

in accordance with the guidelines of Section 4.4. ;

AC/BS Caveat 5 - Potential Chatter of Essential Relavs- Evaluated. If !
relays are mounted on the equipment,.a relay functionality review in f

accordance with Section 6 should be performed.i

AC/BS Caveat 6 No Other Concerns. .There should not be any other concerns
with the seismic capacity of the compressor. Seismic Capability En11neers
should seek out suspicious details or uncommon situations not specifically *

: covered by the caveats,

i
B.12.2 GERS - Air Comoressors ;

;

There are no GERS for Air Compressors.

4
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i

!

B.13 MOTOR-GENERATORS

i

lB.13.1 BEDiina Soectrum - Motor-Generators ;

i

'

The earthqu%e experience data ba<e equipment class of Motor-Generators
(MG) includes motors and generato's that are coupled into a motor-generator
set (M-Gset). Motor-generator se6s are structurally similar.to horizontal |
pumps, which consist of an electric motor connected to a pump through ~a-.

5
shaft. Motor-generators are basically two' motors connected -through a
common shaft. M G sets normally include either an AC or DC motor attached .

through a direct drive shaft to an AC or DC generator..- A large flywheel is
often mounted at one end of the shaft for storage of rotational ' inertia, to j
prevent transient ' fluctuations in generator output . Usually, both the>
motor and generator in en M-G set are mounted to a common' drive. shaft and

bolted to a steel skid. Smaller sets sometimes house the motor andO generator within the same casing. Motor generator sets typically range in *

weight from about 50 to 5000 pounds.

1

The motor, generator, flywheel, and attached conduit-are included in the
Motor-Generator equipment class.

The Bonnding Spectrum (BS) rerresents the seismic capacity of a Motor-
i Generator (HC) if the notor-r.enerator meets the-intent of the following '

inclusion and exclusion rul9s.

MG/BS Caveat 1 Earthoiake Exoerience Data Base. The motor-generator
should be similar to and bounded by the MG class of equipmcnt of the

i
earthquake experience data base. The discussion above briefly summarizes !t the class description of MGs in the data base.

|

|
MG/BS Caveat 2 - Driver and Driven Comoonent on Riaid Skid. The main |
driver and the driven component should be connected by a rigid base or icommon skid. The concern is that differential displacement between the

.

L

O B.13-l'
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driver and the driven component may bind the shaft or lead to excessive
bearing wear. If they are not mounted on a rigid skid, the potential for
different'.a1 displacement between the main driver and the driven component
should be specially evaluated.

MG/BS Caveat 3 - Base Vibration Isolation System Checked. If the unit is
mounted on vibration isolators, the adequacy of the vibration isolators for
seismic lotds should be evaluated in accordance with Section 4.4.-

MG/BS Caveat 4 - Sufficient Slack and Flexibility of Attached Lines.
Sufficient slack and flexibility should be present in attached. lines (e.g.,-
cooling, air, electrical)- to prec1cde a line breach due to differentia 1'
seismic displacement of the equipment and the line's nearest support..
Sufficient slack and flexibility of lines is also considered in the seismic -
interaction review (Section 4.5).

&VBS Caveat 5 - Adeouate Anchoram The unit should be properly. anchored-
it, accordance with the guidelines of Section 4.4.

MG/BS Caveat 6 - Potential Chatter of Essential Relays Evaluated. _If
relays are mounted on the equipment, a relay functionality review in i
accordance with Section 6 should'be performed.

MG/BS Caveat 7 - No'Other Concerns. There'should not be any other concerns
with the seismic capacity of the motor-generator. Seismic Capability.
Engineers should seek out suspicious-details or uncommon situations not
specifically covered by the caveats.

B.13.2 GERS - Motor Generators

There are no GERS for Motor-Generator sets.

.
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|
|

B.14 DISTRIBUTION PANELS j

|

B.14.1 Boundino Soectrum - Distribution Pane 11 |
i

The earthquake experience data base equipment class of Distribution Panels |
(DP) consists of circuit breakers or fused switches mounted in vertical
stacks within sheet metal cabinets. The function of distribution panels is j

to distribute low voltage AC or DC power from a main circuit to branch :

circuits, and to provide overcurrent protection. " Distribution panels
,

typically serve AC power systems ranging up to 600 volts and DC power
.

systrms ranging up to 250 volts. !

i

Two types of distribution panels are found in pcwer plant electrical '

systems: switchboards and panelboards. Although switchboards and j
q panelboards perform the same function, they differ in constrmtion and ;

V application. Switchboards are typically floor-mounted ast lies, while' r

panelboards are usually wall-mounted. Switchboards usually Jistribute [
larger quantities of power than panelboards. !

'

Distribution switchboards are freestanding cabinets containing stacks of
circuit breakers or fusible switches. They have assemblies of circuit i

breakers or switches mounted into shelf-like cubicles. Electrical !

connections are normally routed through enclosed cable compartments in the *

rear of the cabinet. A switchboard will sometimes include a main circuit '

| breaker and a power metering section mounted in separate compartments

L within the cabinet. Switchboards are often incorporated into substation '

assemblies that include motor control centers, transformers, and '

switchgear. In modern power plant applications, the completely enclosed.
(safety) switchboard is almost exclusively used. These switchboards are
completely enclosed in a sheet metal casing.- Switchboard dimensions are

standardized with individual sections ranging from 20 to 40 inches in depth i

'O B.14-1 |
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and width. The height is generally 90 inches. Switchboard sections can i

weigh up to 500 pounds. |
i

Distribution panelboards'are defined by the National: Electric Code (NEC) as )
panels which include buses, switches, and' automatic protective devices j
designed for the control or distribution of power circuits. Pane 1 boards ;

are placed in a cabinet or cutout box which is mounted in or against a wall ]
and accessible only from the front. .The assembly of circuit breakers !
contained in a panelboard is normally bolted to a steel frame, which is 'in .|
turn mounted to the rear or sides of the panelboard enclosure. Individual I

circu", breakers are either bolted or plugged into the steel chassis. A' !
cable gutter typically rur.s along the side of the circuit breaker chassis. !
Pane 1 boards have a wide range of cabinet sizes. lypical dimensions for |
wall mounted units are 20 to 40 inches in height and width, and 6 to
12 inches in depth. Weights for wall-mounted panelboards typically range {
from 30 to 200 pounds,

i
Industry standards developed by the National Electrical Manufacturers :

Association and the Underwriters Laboratories (e.g., NEMA ICS-6, UL-508),. l
*are maintained for the construction of distribution panel:enclosurer.

These standards determine the minimum structural framing and sheet metal ;

thickness for distribution panel enclosures as a function of sheet metal' |
area between supports or reinforcing, i

!

The Distribution Panel equipment class includes the circuit breakers, ;

fusible switches, metering compartments, switchboard /panelboard enclosure !
and internals, and attached conduit.

;

,

i
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The Bounding Spectrum (BS) represents the seismic capacity of a
Distribution Panel (DP) if the panel meets the intent of the following
inclusion and exclusion rules. '|

DP/BS Caveat 1 - Earthauake Exoerience Data Base. The distribution panel
should be similar to and bounded Dy the DP class of equipment of the
earthquake experience data base. The discussion above briefly summarizes ;
the class description of DPs in the data base.

,

.i

DP/BS Caveat 2 - Contains' only Circuit Breakers and Switches. The i-

distribution panel should only contain circuit breakers and switches. This i
ensures consistency with the equipment class defined by the earthquake *

experience data base. The concern is that other seismically vulnerable
components not normally associated with a distributhn panel may have-been :

added. Other components contained within the panel should be evaluated on
a case by-case basis. This case by case evaluation may include use of
earthquake experience, test ~ data or component specific qualification data !

,

as discussed in Section 5, Outlier Evaluation, i

i

O-
DP/BS Caveat 3 - Doors Secured. ~ All doors, . latches or screwdriver-operated
door fasteners should be secured. The concern addressed by this caveat-is :
that the doors could o>en dtring an. earthquake and the loose door could :

'

repeatedly impact the 1ousing and be damaged or cause internal components
to malfunction or chatter. *

DP/BS Caveat 4 - Adjacent Cabinets Bolted Toaether. Adjacent cabinets
4

which are close enough to imp 0ct each other and sections of multi-bay ;
cabinet assemblies should be bolted together if any of'these. cabinets
contain essential relays. The concern addressed in this caveat is'that '|

unbolted cabinets could respond out of phase to one another and. impact each
other during an earthquake. This would cause additional impact loadings .

| and high frequency vibrt.W loadings which may result in malfunction or ;

chatter of internal components, i
.

DP/BS Caveat 5 - General Confiauration Similar to NEMA Standards. The
general configuration of the distribution panel should be similar to those
constructed to NEMA Standards. The unit does not have to conform exactly !

to NEMA Standards, but should be similar with regard to the gage of steel,
internal structure and support. This caveat is intended to preclude ,

:

unusual designs not covered by the data base (thin gage material, flimsy ;internal structure, etc.). In general, units manufactured by.the major
manufacturers of distribution panels conform to this caveat if they have .

not been modified. ?

1
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I

DP/BS Caveat 6 - Adeaunte Anchoraae. The unit should be properly anchored-
in accordance with the guidelines of Section 4.4. 1

i
'DP/BS Caveat 7 - Potential Chatter of Essential Relays Evaluated. If

relays are mounted on the equipment, a relay functionality review in- *

accordance with Section 6 should be performed. '

,

DP/BS Caveat 8 - No Other Concerns. There should not be any other concerns I

with the seismic capacity of the panel.' Seismic Capability. Engineers !

should seek out suspicioc: details or uncommon situat|ons not specifically
covered by the caveats.

|
;

B.14.2 GERS - Distribution Panels

:

The generic seismic test data base ' equipment class of Distribution Panels

(or load centers) consists of individual molded-case circuit breakers and-
fused disconnect' switches housed in NEMA type floor and wall enclosures. i

,

Units are low voltage rated at 600 VAC (480 VAC nominal) _or 250 VDC. A,

>

distribution panel receives its electrical power from the plant
distribution system and distributes this power to each of the_ circuit
breakers and fused disconnect switches by an internal arrangement of. >

vertical and horizontal bus bars. The units in this equipment class should
not tontain motor starters or relays.

j Floor-mounted (freestanding) distribution panel.= are. denoted as
| Switchboards (NEMA Standard Publication No. PS2). The typical floor

,

enclosure is 90 inches high, 36 inches wide, and 20 inches deep,
i

Wall-mounted (either flush or surface mount) distribution panels are

denoted as Panelboards (National Electrical Code NFPA/ ANSI No. 70). Wall-
mounted enclosures vary _in size, with a nominal dimension being 48 -inches
high, 24 inches wide, and 20 inches deep.

,

,

i
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.

The GERS represent the seismic capacity of a Distribution Panel (DP)
|

(Switchboard or Panelboard) if the panel meets the intent of the following :

!inclusion and exclusion rules.

DP/GERS Caveat 1 - Generic Seismic Test Data Base. The distribution panel I
should be similar to and bounded by the DP class of equipment of-the GERS
data base. The discussion above briefly summarizes the generic seismic -

test data base DP class description.
;

DP/GERS Caveat 2 - Boundina Spectrum Caveats Aoolv. The panel should meet ,

all the caveats given for the Bounding Spectrum. This caveat is included
to cover the vulnerabilities identified in the earthquake experience data
base. Those GERS caveats which are the same as the,Botnding Spectrum E

caveats are not repeated below. ,;

'DP/GERS Caveat 3 - Freestandina. Desianated Switchboard. The Switchboard
GERS can be used only if the unit is freestanding and designated as a 4

'

switchboard by the manufacturer; otherwise the Panelboard GERS should be t

used. A review of manufacturer's submittals and parts-list is sufficient. r

These two subclasses, (Switchboard and Panelboard) are specifically _ handled
^

O as different equipment classes in the generic seismic test data base.

,

i
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;

,

B.15 BATTERIES ON RACKS

IB.15.1 Boundina soectrum - Batteries on Rackt

The earthquake experience data base equipment class of Batteries on Racks !

(BAT) includes both storage batteries and their supporting structures. |

Most battery systems consist' of lead-acid storage batteries mounted In' '!

series on steel-frame racks or wooden racks. l

!

A battery is a group of electro-chemical cells interconnected to supply a
specified voltage of DC power. Individual battery weights typically' range !

from about 50 to 450 pounds. Batteries are used to supply a steady source ;

of DC power for circuits in control and instrumentation systems, to power f
DC starter motors for emergency engine-generators, and to provide DC power
to inverters for uninterruptible power systems.

O'
I

Lead-acid storage batteries are the most prevalent type of battery and are
i

the subject of this equipment class. The basic components of a lead-acid
,

| battery cell are the electrode element, cell cover, cell jar, electrolyte, ;

I
and flame arrestor. The electrode elements are the key components of the l
battery system.

,

i
i

There are four basic types of lead acid storage batteries which are |
distinguished by the construction of their positive plates. These four .!
types are: calcium flat plate, Plant 6 or Manchex, antimony flat plate, and
tubular. Since there are few experience data base examples of antimony
flat plate and tubular batteries, they are excluded from the equipment ;I

class. The Plant 6 or Manchex battery is one of the older designs of
batteries but still has limited use in the power industry. It is . ;

iconstructed of heavy lead plate with either a series of horizontal
!

i

1
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?

f

cross-ribs attached to the plate (Plants plate design), or a matrix of f
spiral buttons inserted into the plate (Manchex design). '

'
,

Battery racks are normally frames of steel channels, angles, and struts ;

that support the batteries above the floor. . Wooden members are also used j

for the frames. Racks can be multi-rowed, multi-tiered, or multi-stepped. i

Multi-rowed racks are adjacent rows of batteries all at the same level.- !

Multi-tiered racks are vertical row; of batteries mounted directly above , {
'

each other. Multi-stepped racks have each succeeding row of batteries
located above and to the rear of the previous row,

r nn lon u 11 t r r d rans r

rectangular ' frames of steel angles. The racks 'are usually braced by |
diagonal struts along either the front or rear face for longitudinal j
support. The rack members are connected by a combination of: welds and
bolts. I

i

Well-designed battery racks include a' restraining rail runr.ing }

longitudinally along the front and the rear of the row of batteries and ;

wrapping arounti the ends of the row. The rails are located at about mid- '

i height of the battery, and can prevent accidental overturning of the
batteries, or overturning from earthquake loadings, i

i

The battery (including the cell jar and enclosed plates, the supporting
rack, electrical connections between batteries (bus bar), and attached !

electrical cable) are included in the Batteries on Racks equipment class. '!

1
The Bounding Spectrum (M) rapraents the seismic capacity of Batteries on i

Racks (BAT) if the batteries and racks meet the intent of the following !

inclusion and exclusion rules. i

!

B.15-2
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\

!
:

ShT/BS Caveat 1 - Earthouake Experience Data Base. The batteries and racks
should be similar to and bounded by the BAT class of equipment of the i

earthquake experience data base. The discussion above briefly summarizes |

the class description of BATS in the data base.

L BAT /BS Caveat 2 - Plates of the Battery Cells Are lead-Calcium Flat-Plate !
igr They Are of Plants or Manchex Desian. The plates of.the battery must be

of the lead-calcium flat plate or the Plants or Manchex design. These are
the only battery cell types included in the earthquake experience data

1

base.

BAT /BS Cayfat 3 - Each Individual Battery Weichs Less Than 450 Pounds.
Individual battery cel S should weigh less than about 450 pounds. This is
the upper bound weight of the battery cells included in the earthquake.

,

experience data base.
,

BAT /BS Caveat 4 - Close-fittina. Crush Resistant Spacers Between Cells.
|

There should be close-fitting, crush-resistant spacers between the cells, ;

which fill about two thirds of the vertical space between the cells. The
.

concern is that the batteries without spacers can rock and collide during. '

the earthquake causing malfunction and damage.,

;

'

BAT /BS Caveat 5 - Battpries Bestrained by Side and End Rails. The battery
racks should have end and side rails incorporated in the design. The end
and side rails should also be close fitting against the cells (with shims,'
ifneeded). The concern is that batteries on racks without end and side '

rails may tip or slide off the rack.

BAT /BS Caveat 6.- Batterv Racks Have Lonoitudinal Cross Bracino. The racks |should have longitudinal cross bracing unless engineering judgment or ;

analysis shows that such bracing is not needed. The concern is that racks. '

without cross bracing may not be able to transfer the lateral seismic loads
to the base support. Simple bounding hand calculations may be performed to
show that the structural components of the rack are capable of transferring

.

these loads. The capacity of rack steel members may be calculated ,

following AISC Part 2 allowable stresses. '

BAT /BS Caveat 7 - Racks Constructed of Wood To Be Evaluated. Battery racks,

>

constructed of wood should be specially evaluated. The concern is that.
t racks constructed of wood may be more vulnerable to seismic loads than

:' steel racks. Evaluation of the rack should consider industry accepted
structural design standards for wood construction, using extreme load

,

j allowable stresses as appropriate.
!

!

B.15-3
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BAT /BS Caveat 8 - Batteries Greater Than 10 Years Old To Be Evaluated.
Batteries that are more than 10 years old should be specially evaluated.
The concern with the aging of batteries is that some models have been shown
by shake table testing to be susceptible to structural and or metallurgical-
changes with time that result in either structural failure or reduced
capacity after vibration.

BAT /BS Caveat 9 - Adeauate Anchoraae. The unit should be properly anchored
in accordance with the guidelines of Section 4.4.

BAT /BS Caveat 10 - No Other Concerns. There should not be any other
concerns.with the seismic capacity of the batteries on racks. Seismic
Capability Engineers should seek out suspicious details or uncommon
situations not specifically covered by the caveats.

B.15.2 GERS - Batteries on Racks

The generic seismic test data base equipment class of Batteries on Racks
(BAT) includes storage battery sets of the lead-calcium type supported on -
rackt with rail restraints. Each battery set consists of multiple lead-
acid cells (nominal 2 volts each) interconnected by rigid bus connectors.
Rows or groups of cells are connected by flexible bus connectors. The

racks have either a two-step or single-tier configuration with longitudinal
cross-braces. The racks have rail restraints to keep the batteries in
place. There are snug-fitting spacers between the cells and; if needed,
shims between the cells and rails. This equipment class'' covers virtually
all stationary lead acid battery cells used in power plants.

The GERS represent the seismic capacity of Batteries on Racks (BAT) if the
batteries and racks meet the intent of the following inclusion and
exclusion rules.

s

B.15-4
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'

)

f
BAT /GERS Caveat 1 - Generic Se M ic Test Data Base. The batteries and I

racks should be similar to and bounded by the BAT. class of equipment of the !

GERS data base. The discussion above. briefly summarizes the generic I

seismic test data base BAT class desceiption. ''

BAT /GERS Caveat 2 - Boundina Spectrum Caveats Anolv. The batteries on i
racks should meet all the caveats given for the Bounding Spectrum. This

'

caveat is included to cover the vulnerabilities identified in the ;

earthquake experience data base. Those GERS caveats which are the same as i

the Bounding Spectrum caveats are not repeated below. !

BAT /GERS Caveat 3 - Lead-Calcium Plates. The plates of the battery cell
,

should be lead calcium. Lead-calcium battery cells are the only type -

included in the generic seismic test-data base. j

BAT /GERS Caveat 4 - Sucoorted on Two-Step or Sinole-Tiered Racks with i

Lonaitudinal Cross-Braces. The batteries should be supported on two-step
,

racks or single-tier racks which have longitudinal cross-braces as supplied !
by the battery manufacturer (review of manufacturer's submittals is '

sufficient). A row of batteries should be restrained by double rails in ;

front, back and on the ends, symmetrically placed with respect.to the cell
. enter of gravity. The concerns addressed by this caveat are that racks .:

O' may not be able to transfer the lateral seismic loads to the base support.- ''
,

and that the natural frequencies of the rack may be'10wer than those in the ,

testing data base. '

'If the battery rack is custom made and/or does not have longitudinal cross-
braces supplied by the manufacturer, then the intent of;this caveat can be i

satisfied by showing that the racks have adequate strength (i.e., within .

1.6 times normal AISC allowable stress limits) and have natural frequencies
,

; above about 8 Hz horizontal and 20 Hz vertical. If the natural frequency ;'

of the rack is below these values, then a realistic amplification through
| the rack to the center of gravity of the batteries should be included when~ ;
~

determining the amplified response of the batteries for comparison to the' :
GERS (for this case the GERS epresents the battery capacity),

if the racks only have a single rail, then this rail should be evaluated to-
determine whether it will hold the cells in place and prevent significant '

relative motion between cells.
,

t

'

,
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|

fB.16 BATTERY CHARGERS AND INVERTERS
i
,

B.16.1 Boundino Spectrum - Battery Charaers and Inverterg |
.

The earthquake experience data base equipment types of Battery Chargers and. f
Inverters (BCl) are grouped into o single equipment class together because
they perform similar (although' electrically inverse) functions, contain ,

similar components, and are packaged in similar cabinets. Solid-state'
|

battery chargers are assemblies of electronic components whose function is
to convert AC input into DC output. Inverters are assemblies whose
function is'to convert DC input into AC output. Battery chargers and ;

inverters are normally housed in floor- or wall-mounted cabinets. !
i

The most common applications for both battery chargers and inverters are as 1

components of an uninterruptible power supply (UPS). A typical UPS !(q> consists of a solid-state inverter, a battery charger, a set of lead-acid
storage batteries, and an autcmatic transfer. switch. Chargers serve the !

station batteries which provide a DC power source to controls, ,

instrumentation and switchgear. A portion of the DC power from the
batteries is routed through inverters which provide a source of AC power to !

| critical equipment.

The primary electrical function of a battery charger is accomplished using
a rectifier. Most modern battery chargers ara based on solid-state

;

rectifiers consisting of semiconductors. Solid-state battery chargers are. !

the focus of this equipment class. :
1

*

t

The primary components of battery chargers include solid-state diodes, ,

| transformer coils, capacitors, electronic filters, and resistors. In|- .,

iaddition, the primary components are usually protected from electrical ''

faults by molded case circuit breakers and fuses. The internal components

B.16-1
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|

~
1

are normally bolted either to the rear panel cr walls of a cabinet, or to~ .)
interior panelt or steel frames mounted within a _ cabinet. ~-The front panel
of the cabir.at typically contains . instrumentation and. controls, ~ including;

,

ammeters,_ voltr'.rters, switches, alarms, and control- relays. Inverters _ ]
contain prir r> tomponents similar to.those found in battery chargers. |

L Virtually all inverters use solid state. components. ]

Battery chargers and inverters are typically mounted in separate cabinets,.
.

but they are sometimes supplied as an-assembly of two adjoining-cabinets, i

The. smallest units are wall-mounted or rack-mounted with typical dimensions - !

'of 10 to 20 inches in height,' width, and-depth; and typical weights of. 50' !-

to 200 pounds' Typical cabinet dimensions for larger floor mounted: units-.

are 20 to 40 inches in width and. depth, and 60.to _80 inches in height. "The. 3

weights of the floor-mounted chargtrs and inverters rance from.several i

hundred to averal thousand pounds. , Typical AC: voltages to battery
chargers and from inverters range from 120 to 480 volts.- Voltages in DC !

power typically range from 24 to 240 volts.- -

.

Industry standards are maintained for the construction of cabinets by the
'

Nationa. Electrical Manufacturers Associatiot +a'dard (NEMA ICS-6.1978)
and Underwriters Laboratories standard (UL-123b 1984). These standards ;

determine the minimum structural framing and sheet metal thickness for-
|charger and inverter cabinetry as a function of' size.
,

i
>

Solid-state inverters and battery chargers are included :in the equipment 1
class in freestanding, rack-mounted, and wall-mounted configurations. "Thet
Battery Charger and Inverter equipment class includes the sheet metal 4

enclosure, all internal components,1 junction _ boxes, and attached cable or
!

ca duit.

!

|
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,

.

The' Bounding Spectrum (BS) represents.the seismic capacity of-a Battery
Charger or Inverter (BCI) if the' equipment meets the Intent of-the

,

following inclusion and exclusion rules. a

i
;BC1/BS Caveat 1 - Earthouake Exoerience' Data Base. The battery charger or

inverter should be similar1 to and bounded by the 801 class of equipment of f
the earthquake' experience data base. The discussion above briefly '

summarizes the class description of Bris in the data base. |-

,

'should be a sol'd-state type. The solid-state electrical construction is - 'j!BCf/BS GJyeat 2 - Solid State Tvoe. .The battery charger or static inverter
'

the primary type included in the earthquake experience data base. The
,

concern .is that electronics which are not of the solid state variety (glass ,
.

tubes, etc.) are vulnerable to earthquake damage. 7

JL(J/.fc Caveat 3 - Transformer Mounted'Near' Base of Floor-Mounted Units. ..

For floor-mounted units,-the transformer, which is the heaviest component'
)[of this equipment, should be positively anchored and mounted near the base

of the cabinet. If not mounted near the base, then the load path should be' ,

specially evaluated. The concerri is that the lateral earthquake' loads-onO the transformer will not be properly transferred to the equipment base.
-

D The load path evaluation may use judgment ~ or simple calculations to-ensure
.

'

that the structure can transfer these loads. }
BCI/BS Caveat 4 - No Reliance on Weak-Way Bendino of Steel Plat'e or
Structural Steel Shapes. The base assembly of f jor-mounted-units should
be properly braced or stiffened such .that late; . forces in any direction

j!do not rely on weak-way bending of sheet metal r thin webs of structural
steel shapes, if such unbraced or 'Jnstiffened v .. webs exi a , they
should be investigated and verified f or adeouacy by the Seismic Capability
Engineers to check the strength-and stiffness. ' '

*

| BCI/BS Cavni Loac' vath Check for Wall-Mounted Units. If the battery '

charger or inverter is a wall-mounted unit, the-transformer sup) orts'and
bracing should be visually = reviewed for a proper load: path to tle rear.
cabinet wall. Lateral earthquake loads on the heavy-transformer need to be ,

properly transferred to the anchorage. -

L

BCI/BS Caveat 6 - Doors Secured. All doors should be secured by a latch or - i
fastener. The concern addressed by this caveat is-that the doors-could.
open during an earthquake.and the: loose door could. impact the housing'and
be damaged or cause internal components to malfunction.

,

I
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BC1/BS' Caveat 7 - Adeauate Anchorace. The unit should:be: properly anchored
in accordance with the guidelines of Section 4.4.

,

BCI/BS' Caveat 8 '- Potential ~ Chatter of Essential Rela'vs Evaluated. -If -
relays are mounted on the equipment, a relay functionality review in

- accordance with Section 6 should be performed. -

BCI/BS Caveat 9 - No Other Concerr.L. There should notfbe any'other.
concerns with the seismic capacity uf the battery charger orLinverter.
Seismic Capability Engineers should seek out suspicious details'or uncommon
situations not specifically covered by.the caveats.-

o
B.16.2 GERS'- Battery Charoers and' Inverters

u

The generic seismic. test data base ~ equipment! class-includes both Battery
Chargers and Inverters. Battery charger units range from 25 to 600 amp-
capacity with either single- or three-phase voltage ratings of 24 to-
250 volts DC and 120 'to 480 Volt's Av. The units utilize solid-state:

,

technology (silicon-centnlled rectifier, SCR)1n bo',h -the main circuits I

and the power controls. Major components incluce ;,rotective circuit
breakers, transformers, power supply, SCR, filter, and various alarm 1

relays, and control circuits. The units are: housed'in NEMA-type floor- or l
'

wall-mounted enclosures. Virtually all battery chargers used in power' ]
plants for float charging of lead-acid storage battery sets? are included

_

::
within this equipment class.

DC to AC inverter units included in the GERS data base range from 0.5 to -|
15 KVA capacity with either single _- or three-phase voltage ratings of'-

120 volts DC ano 120 to 480 volts AC. The units utilizeLsolid-state- i

technology (silicon-controlled rectifier,'SCR), and have protective circuit IL

breakers, transformers, frequency control circuitry, various alarm relays j
and SCR power control cire' tits as major components. The units w housed l

i
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j
j,

-),

in NEMA-type floor-mounted' enclosures. This equipment class covers 1

virtually all 120 VDC ~ inverters _ used .in power plants for critical- power -
,

supply. j
j

The GERS represents the seismic capacity of a Ba'tery Charger or. Inverter 1 !
(BCI) if the equipment meets the intent of the.following inclusion' and

'

exclusion rules.
i

RBCl/GiRlgeat 1 - Generic Seismic Test Data Base. The battery ~ charger orR
inverter mold be similar.to end bounded by.the BCI- class _of equipment of.

'the GERS data base. The discussion above briefly summarizes the generic - i
seismic test data base BC1 class description.c

BC1/GERS Caveat 2 - Boundina Soectrum Caveats =Anolv. The battery charger
or inverter should meet all the caveats given for.the Bounding Spectrum.
This caveat is included to cover the vulnerabilities' identified in.the-
earthquake experience data base. Those GERS. caveats'which are the_same as' '

I p the Bounding Spectrum caveats are not repeated _below.

BC1/GERS Caveat 3 - SCR Powe Controls Within NE'1A-Tvoe Enclosur1. The-
battery charger or inverter should be a solid-state uni; with:St R power
controls (C&D, PCP,. or Exide for battery chargers);(Elgar,: Solid. State

,

1

Controls, Staticon for inverters). The unit should be wall- or floor-
mounted within a NEMA-type enclosure (review of manufacturer's submittals

.

is sufficient). The enclosure does notihave to conform exactly to NEMA '

standards but should be-similar with regard to the gage ortheLsteel,: i,

| internal structure and support. The purpose of this caveatiis to ensure
| similarity with the power controls and enclosure type of the generic

..

I seismic test dai.a base. .

L

t BCl/GERS Caveat 4 - Battery Charaer Size and-Caoacity Ranae. Battery;
| Charger size and capacity should, be within the following range: : 24' to

250 VDC, 120 to 480 VAC, 25 to 600 amps; and weight in the range of 150 to
2,850 pounds (rcview of manufacturer's submittals'or Battery Charger. y

y nameplate is sufficient). This represents'the-size and capacity limits of? 3
the generic seismic test data base.'

i:
'

L
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BCI/GERS Caveat 5 - Inverter Size and Canacity Ranae. Inverter size and .
capacity should be within the following_ range:: 120 VDC,120 Jto 480 VAC.
0.5 to 15 KVA; and ' weight in the range of-300 to-2,000 pounds. :(Review cf-
manufacturer's submittals or, inverter nameplate is sufficient.) This
represents-the size and capacity range of the generic! seismic test' data
base.,

-BCI/GERS Caveat 6 - Cutouts Reauire Seoarate Evaluation. Heavy. components-
should, in general, be located in the lower half of the enclosure: height"
and:either supported from the base or rear panel. If cutouts _are.adjacente
to support points for. heavy internal components, a' separate evaluation is
required. . The concern is that the seismic load will not-be'able to be
transferred through the shear panels to the!anchorsge.
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O
B.17 ENGINE-GENERATORS

B.17.1 Boundina Soectrum -'Encine-Generators

The earthquake experience. data base. equipment _ class of Engine-Generato'rs-

(EG) includes a wide range of; sizes and types of generators' driven by-
piston engines. Engine-Generators are emergency power sources that provide,
bulk AC power in the event of loss _of off-site power.

In typical power plant applications, generators _ range' from 200 KVA to
5000 KVA; electrical ' output is normally'at 480,'2400, or 4160 volts;-.

Generators are typically the brushless rotating-field type:withLeither a:
rotating rectifier exciter or a solid-state exciter and voltage regulator.-

Reciprocating-piston engines are normally; diesel-fu, led, although engines
may operate on natural gas or oil. In: typical applications piston engines
range from tractor-size to locomotive-size, with corresponding horsepower

-

ratings ranging from about 400 to 4000 horsepower.
_

Engine-generators normally include the piston. engine:and generator in a
direct shaft connection, bolted to a common steel skid The skid or the

'

engine block also supports peripheral attachments such as' conduit, pipi_ng',
and a local control and instrumentation panel.

The engine-generator system also ' includes peripheral com' onents forp

cooling, heating, starting, and monitoring operation, as~ well as' supplying
fuel, lubrication, and air.- The-peripheral: components may or'may not be
mounted on or attached directly_to the engine-generator skid. If-they'are
not mounted on the skid, they should be evaluated separately.

B.17-1
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1

L The Bounding Spectrum (BS) represents the seismic ~ capacity of an Engine- )
h Generator (EG) if.the generator meets the! intent of;the following-inclusion: -

and exclusion rules. I
1
l

EG/BS Caveat 1-- Earthauake_Exoerience' Data Base. . The engine-generator;
| .s

! should be similar to-and bounded by the EG class of' equipment of the . <

earthquake experience data base.'' The ' discussion above briefly summarizes' j!

the class description of EGs;in.the data base.: ''

EG/BS Caveat 2 - Driver and Driven Comoonent on Riaid Skid. -The driver and j;

| the driven component should be connected by a rigid support or common: skid.; *

|' The concern is.ithat differential displacement- between- the driver and the.-
driven component may-bind the shaft or lead to excessive bearing:Weare LIf ,

they-are not mounted on a rigid skid,' the potential for differentiali j
_

displacement between the driver motor and driven __ component should be-
evaluated, i

EG/BS Caveat 3 - Base Vibration Isolation System Checked. If the unit is
mounted on vibrat"- isolators, the adequacy of-the vibration. isolators for - '

seismic loads should.be evaluated in accordance with Section 4.4. |

| EG/BS Caveat 4 - Sufficient Slack nnd Flexibility of: Attached lines.
Sufficient slack and flexibility should be present in attached lines (e.g....;

| cooling, air, electrical) to preclude a line breach due to differential?
,

seismic displacement of the equipment and the!11ne's' nearest' support ~.;
.I Sufficient slackLand flexibility of lines'is also considered.in the seismic

interaction review (Section 4.5). .
, 3

EG/BS Caveat 5 - Adeauate Anchoraae. The. unit should be properly anchored
,

in accordance with the guidelines of Section 4.4. ''

EG/BS Caveat 6 - Potential Chatter of Essential Relays Evaluated; If I
relays are mounted on the equipment, a relay-functionality-review in: :
accordance with Section 6 should'be performed.

.

.

,

y

EG/BS Caveat 7 - No Other Concerns. 'There-should'not be any other concerns
with the seismic capacity of the generator. Seismic-Capability _ Engineers ishould- seek out . suspicious: details or' uncommon. situations not'specifically
covered by the caveats.

!

B.17.2 GERS - Enoine-Generators

There are no GERS for Engine-Generators,

eJ
B.17-2
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Instruments on Racks.

B.18 INSTRUMENTS ON RACKS

.

B.18.1 Boundino Soectrum - Instruments'on Racks

The earthquake experience data base equipment class of'InstrumentsJon' Racks-
(IR)-consists- of steel, frames that provide mounting for local- controls' and
instrumentation, such;as. signal transmitters to remote control-panels.
Instrument racks typically consolidate transducer- or control signals from'
several equipment items in their immediate vicinity,

Instrument racks. usually consist- of steel members (typically' steel angle, <
pipe, channel, or Unistrut) bcIted or welded together into a frame.
Components are attached either directly.to the rack members or to metal
panels that are welded or. bolted to the rack. Floor-mounted; instrument-

racks typically range from 4 to 8 feet in-height, with widths < varying from
-

- 3 to 10 feet, depending on the_ number of components supported on' the rack.- -

,

A simpler configuration of an instrument ~ rack is' a single | floor-mounted
post supporting one or.two components. Wall-mounted and' structural:: column-
mounted racks are often used for' supporting only a:few components.

Control system components mounted on instrument racks may iAclude

electronic systems used for functions such as temperatureLmonitoring,
starting, stopping, and throttling electric motors,. and: monitoring electric.

power. Pneumatic' system components mounted'on-instrument' racks may|be used

for monitoring. fluid pressure, liquid level, fluid- flow, 'and for.. adjusting
pneumatically actuated control valves. Electronic control'and
instrumentation system components mounted-on instrument racks include

transmitters that convert a pneumatic signal from the transducer'to an'
electric signal for transmission;to the main control panel.

!
B.18-1
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Typical components supported on instrument rack's-include: pressure

switches, transmitters, gauges, recorders, hand swit5hes, manifold valves,

and solenoid vahes. Attachments to: instrument racks include steelfor
. plastic tubd.ng,. conduit, and junction boxes.-

' |

|

Freestan' Jing, wall-mounted, and structural column-mounted instrument-racks -

of bolted and welded steel construction'areiincluded in| the equipment class
along 'vith the components mounted on them. Both pneumatic and| electronic'

components, as well~as associated tubing,Lwiring, and junction boxes,.areL
included in the Instruments on Racks equipment class.:

The Bounding Spectrum (BS) represents the seismi.c capacity of; Instruments

on Racks (IR) if the instruments and racks meet- the-intent =of the following
-inclusion and exclusion rules.

.

OlIR/BS Caveat 1 - Earthauake Exoerience Data Base. The instruments and - iracks should be similar to and bounded:by the IR class of: equipment of the, j
earthquake experience dcta base. :The discussion above briefly summarizes

ithe class description.of irs in the data basen j
IR/BS Caveat 2 - Evaluate Computers and Proarammable Controllers -
Separately. Cor.1puters and programmable controllers should.be evaluated -
separately. The concern is that the subclass of computers and: programmable
controllers is so diverse that they may not- be; adequately represented by
the experience data base. Computers- and programmable' controllers: should

1
e

therefore be evaluated on a case-by-case basis. Component specific test-
t

data for computers and programmable' controllers may be used to: resolve this- '
concern.

,

-

i

IR/BS Caveat 3 - Structure Adeauate. .The steel frame andisheetEmetal a
structure should be, evaluated in< the walkdown for adequacy. Engineering l
judgment.may be used to dete.mine that an. adequate load pathlexists to' -
transfer the 1ateral earthquake loads'to the foundation..

IR/BS Caveat 4 - Ad.iacent Racks Bolted Toaether. Adjacent rr.cks which are
close enough to impact each other and sections of ~ multi-bay assemblies'
should be bolted together if any of these assemblies contain essential- ,

relays. The concern addressed in this caveat is that adjacent, unbolted y

B.18-2 '
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- Instruments on Racks; ;

Af
i

:

racks could respond out of phase to one another and impact each other , d
denM an earthquake.. This would cause additional impact. loadings and:high'- l

,

i- inw oney vibration loadings:which could cause essential: relays to chatter.
.:

IR/BS Caveat 5 - Natural Freauency Relative to 8 Hz Limit Considered. For !
slender unbraced racks, the lowest natural frequency should be. estimated.n !
For racks which havet a natural frequency below about 8 Hz, the floor

.

response spectrum = should be comparedLto 1.5 times:the Bounding Spectrum- -

(see Table 4-1 of-Section 4). j

IR/BS Caveat 6 - Sufficient ~ Slack and Flexibility'of Attached Lines. -

Sufficient slack and-flexibility should bo present-in attached lines-(e.g., j
cooling, air,' electrical) to preclude a line breach due to differential-
seismic displacement of the equipment and the line's nearest support. :

Sufficient slack and flexibility:of lines is also considered-in the seismic - ;

interaction review (Section 4.5).- !

IR/BS Caveat 7 - Adeauate Anchoraae. The unit should be properly anchored! .

in accordance with.the guidelines of Section 4.4.: -j

1R/BS Caveat 8 - Potential Chatter of Essential Relays Evaluated. JIf |

p relays are mounted on the equipment, a relay functionality-review in
i accordance with Section 6 should be performed.

IR/BS Caveat 9 - No Other Concerns. There should not be anyLother concerns I

with the seismic capacity of the instrument rack.- Seismic Capability:
-

. Engineers should seek out suspicious details or uncommon situations not
! specifically covered by the caveats.

a

B.18.2 GERS - Instruments on Racks j

l
The generic seismic test data base equipment' class of Instruments on ' Racks I

L includes fc e kinds of transmitters: pressure, temperature', level.,- and -)
! flow. The racks for these instruments are not covered'in the seismic j

testing data base. Transmitters are used in power plants to transmit
signals received from transducers which monitor plant 6perating conditions. j|

L The transmitters send electric signals to control panels for use by safety I
[ H
L systems, plant control systems, alarm systems and' operator disp 1_ays, i

1

- Some transmitters are designed for remote rack or control ' panel mounting
while others are mounted adjacent to the transducer. The term

|
O(

B.18-3 l
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'

!

c

" transmitter" is'also used for the transducer / signal conditioner i

combination when, the transducer and s,ignal conditioner are- integral . .This
is the usual case for flow, pressure, and: level transmitters., . Temperature ;

-transmitters are usual.ly remote from the transducer. In' generalj,; j
transmitters range in size from a.few pounds to about,40' pounds;i however, j

| the majority of the transmitters weighionly-a few pounds. The largest ~ >

.

physical dimension of a transmitter is!usually less. than: about 12 inches- 1.

I
'

.

'

The GERS represent the seismic capacity _of a pressure, temperature, level, - ;
i

or flow transmitter if the transmitter | meets the intent of the follSing -

inclusion and exclusion rules.

.;
; IR/GERS Caveat 1 - Gereric' Seismic Test Data Base. The transmitter'should

be similar to and boended by the IR class of equipm'ent of the.GERS data-
base. The discussion above briefly. summarizes the generic seismic test.
data base-IR class description.

IR/GERS Caveat 2 - Boundina Spectrum Caveats Acolv.. The transmitter ani'
its supporting rack, when present, should' meet:all the caveats given for
the Bounding Spectrum. This caveat-is included to cover-the-
vulnerabilities. identified in the earthquake experience data base. Those. '

GERS caveats which are the'same as the Bounding Spectrum caveats ~are not
repeated ' below. ,

-

IR/GERS Caveat 3 - Component is a Pressure. Temperatilre. Level.c or Flow .-

Transmitter. The; component: should be .a pressure, temperature level, or 1
flow. transmitter. These are the: components included in'the. generic seismic i
test data base, I,

diversity.of transmitter types and mechanical properties. ' Specific-
. kIR/GERS Caveat 4 - Soecific Transmitter Models Included. There.is a' wide-

manufacturer /models were tested for function during;an earthquake. 'The
,

tested transmitters of the generic-' seismic test data base include:'
J

D

Foxboro E96, E13, E916; Devar 18-119; Rosemount 1151, 1152, 442; Robertshaw
!161; Love 48, 54, 8100, 1106; Kepco PCX; Travis P8, P24. '!

This caveat may be satisfied for other models of transmitters by performing
a case-by-case evaluation of similarity to. one of the above models.

q

,

!

B.18-4
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IR/GERS Caveat 5 - Seismic Induced System Chanaes Should be Evalrated. |

Transmitters are sometimes sensitive to-system perturbations.; The concern -|
is that the earthquake may induce system changes (i.e., pressure, flow,'and ;

level variation) which may.have the same effect on the system being'..
~

H
controiled as if the transmitter malfunctioned. For example, aflevel :i
switch used to measure the oil level in-the crank case of-an. emergency- .)
diesel-generator-(EDG) may be tripped during an earthquake when.the' oil is

'

j
;

sloshing. 'This reading may inadvertently cause-the EDG.to trip off line.
-

This caveat is also. addressed in the Relay; Functionality Reviewin- |
Section 6. 1

IR/GERS Caveat 6 - No Vacuum Tubes. Vacuum' tubes'should not be used as
internal electrical components. Theiconcern is that gla'ss tubes are [especially vulnerable to earthquake damage. Glass. vacuum tubes. are not -
included in the generic seismic test data base. ,

,

IR/GERS Caveat-7 - All Mountina Bolts in Place. All- external mounting:
bolts (transmitter to bracket and bracket to support)..should be.in place - ;
This is the condition under which-the transmitters were tested in the '

generic seismic test data base.

IR/GERS Caveat 8 - Evaluation of Amolified Resoonse. The transmitters.were i

O tested. attached directly .to the shake table. . Therefore realistic-
amplification through the rack (or.Other supporting. structure) to the

.

1

transmitter should be included'when determining-the amplified response of-
the transmitter-to-rack interface for comparison to the GERS. .

IR/GERS Caveat 9 - Rack Reauires Seoarate Evaluation. The-transmitters-
were tested separately from the rack, therefore in order use the GERS

'

capacity curves which are higher than the Bounding: Spectrum, an-evaluation;
of the rack should be made. The evaluation.should show that the' structural ='

components of the rcck are capable of transferring the earthquake loads t'o
the anchorage. This evaluation may depend upon the. engineering: judgment of-
the Seismic Capability Engineers and may not-require. a formal calculation. -i

,

j

;

1
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Figure B.18-1. Generic Equipment Ruggedness Spectra (GERS) for-
Transmitters- .(Source: Reference 6)
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B.19' TEMPERATURE SENSORS ]
'

:

=|

B.19.1L Boundina Soectrum - Temoerature-Sensors
i

. . - . 1

The earthquake experience riata base equipment class' of Temperature Sensors - ,j
.

(TS). includes thermocouples and resistance temperature. detectors.(RTDs)! i

that measure fluid temperature-and; typically. are mounted within or on ;

piping or tanks. Thermocouples are probes consi' sting of two dissimilar- I

metal wires routed through.a protective sleeve that produce a voltage: -{

output proportional,to the difference in= temperature between the hot' =;. c ,

junction and the lead wirest (cold junction). RTDs are similar in'
construction to thermocouples, but .their. operation (is' based on variation in U

electrical resistance with temperature. RTDs:and'thermocouples.are:

connected to pressure vessel boundaries (piping;-tanks,-Lheat'exchangers,

p etc.) using threaded joints. The sensor's sheath will often be-inserted
V into a thermowell or outer protective tube that isL permanently mountednin i

the pipe or tank. A thermowell allows the thermocouple or RTD to;oe.
removed without breaking the pressure boundary of.the pipe or' tank.- I

,

Sensors are typically linked to transmitters mounted on' nearby-instrument, a

racks, which amplify the electronic signal generated in the' sensors, and
transmit the signal to a remote instrument readout.

!

The Temperature Sensors equipment class includes the connection head' I
~

threaded ' fitting, sheath 'or protective tube, thermowell, land: attached. ;

Wires.

!
;

)
'i

l

I- B.19-1
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,

i

The' Bounding Spectrum (BS) represents the seismic capacity of-a-Temperature
.

Sensor (TS)_.if the sensor. meets'the intent of the:following inclusion and- J

J'exclusion rules.' <
.

.

. TS/BS Caveat 1-- Earthouake Experience Data Base. The-temperature sensor;
| should be similar to and bounded by the.TS class.of equipment of the, .
'

earthquake experience data. base. The discussion above brieflyJsummarizes-
the class description of-TSs in.the data < baset

~

D,

TS/BS Caveat 2 -- No Possibility of Detrimental Differential Disolacement. i,

Detrimental: differential _ displacement between the mounting of the
-

1 i
connection: head and the mounting of.the: temperature'; sensor:should not

. occur. The concern is that the differential displacement may cause thei
wiring to be pulled.out of-the sensor. < ~

TS/BS Caveat 3 - Solid State Electronics'. The electronics associated with
the. temperature sensor-should be solid. state (i.e., no vacuum tubes).- The, j
earthquake experience data base only. applies,to solid-state electronics for.
temperature sensors.-'The concern is that electronics that are not.of the
solid-state variety (glass tubes, etc.). are . vulnerable to earthquake-
damage.

TS/BS Caveat 4 '- Sufficient Slack and Flexibility' of Attached Lines.
Sufficient slack and flexibility should be present in attached lines (e.g..._
cooling, air, electrical) to preclude a 'line breach due 'to differential- ''

seismic displacement-of the equipment and the,line's nearest' support.-
_

Sufficient , slack and flexibility of lines is also considered in the. seismic. . i
-

!

interaction review (Section'4.5), t

TS/BS Caveat 5 - No Other Concerns. ThereJshould not be any;other concerns '

with the seismic capacity of the temperature sensor'. Seismic CapabilityL )

Engineers should seek out suspicious detail's or: uncommon: situations not:-
specifically covered by the caveats. i

>

B.19.'2 GERS - Temoerature Sensort
-:!

There are no GERS for Temperature Sensors,

r

I

i
'
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B.20 INSTRUMENTATION'AND CONTROL PANELS AND CABINETS- '

B.20.1 Boundina Soectrum - Instrumentation and Control Panels and Cabinets
. ;

The earthquake experience data base' equipment class'of. Instrumentation.and

Control- Panels and Cabinets (I&C) includes all types of electrical panels * !

that support instrumentation and controls. Thiscequipment| class: includes?
both the sheet metal enclosure and: typical: control and' instrumentation' u

components mounted on- or:inside the enclosure. -Instrumentation and' control ~
panels and cabinets create-a centralized-location'for-the control.and
monitoring of electrical -and-mechanical ' systems. -In addition to main =
control panels, local instrumentation and control panels;are soinetimes
distributed.throughout the facilities, close to-th'e-systems'they serve.

.. -

t Instrumentation and control panels and cabinets.have:a wide diversity ofE
sizes, types, functions,' and components. Panel and cabinet structures. 3
generally consist of a steel frame supporting. sheet metal panels ~ to which
instrumentation-and control components are' bolted or clamped. gCabinet j

structures range from a single panel, braced against'or built into a wall, I
to a freestanding ~ cabinet enclosure.- Enclosures are > generally categorized ~

.

.

as either switchboards or benchboards,7 described as'follows.
<

A vertical switchboard is a single reinforced sheet ~ metal 1. instrument panel,
which is either braced against an adjacent wall'or built into-it. An '-

~

enclosed switchboard is a freestanding enclosed sheet' metal cabinet with

components mounted on the front face,- and possibly on the-interior < walls. ;.

The front or rear panel is 'usually hinged as a single or double: swinging
door to allow access to the interior. A dual switchboard consists of two
vertical panels braced against each other to form a freestanding structure,-
with components mounted to both front and rear panels. The sides are

A B.20-1
V
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:
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L <
1

1
,

(;

usually open, and the two panels are joined byLcross members spanning ,j
| between their tops. A duplex switchboard is similer to a dual switchboard,- 1-

except that'it consists of. a panel fully; enclosed by sheet' metal: onLall- b'

sides, with access 1through doors in the two side panels.

: !
,

A control _ desk has components. mounted on the desk | top, and : interior accessi <[,

through swinging doors in the rear; . A benchboard consists of:a-control' 'i
'

desk with an attached vertical. panel. The: single panel is .similarito 'ai O-

. f

vertical'suitchboard and is normally. braced against or built into|a wall.- J

A dual benchboard is similar to a ' dual switchboard, .but .the 'lowerihalf of1 1

the front panel is a desk console. ALduplex benchboard is similar to a' [
duplex switchboard,na totally enclosed panel, but' with 'a desk console in

'

'

| the lower half of. the front panel.- :
a

'

Panel and cabinet enclosures _. normally consist of-' steel angles, channels, or
square tubes welded.together, with sheet metalisiding attached-by spot:

[
welds. Large panels are typically made of individual'-sections bolted
together through adjoining _framietg. The: cabinet may or may not includeia- j~

sheet metal _ floor or ceiling.
-

'

-

-Electronic or pneumatic instrumentation or. control-devicesfattached to .

sheet metal' panels or within sheet metalecabinets are included in the-
equipment class._ The Instrumentation and ControlLPanels and Cabinets

equipment c1 ass includes the sheet metal enclosure,; switches, push buttons - U

panel lights, indicators, annunciators, gauges,1 meters, recorders,: rela -
(provided they meet relay requirements),' controllers, solid-state circu,

-4
i
<

boards, power supplies, tubing, wiring, and terminal blocks.
3

'!

c

| B.20-2
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JTheBoundingSpectrum-(BS)representstheseismic.capacityof? j
Instrumentation and' Control _ Panels and Cabinets (I&C)-if the' panel'or I

cabinet meets the. Intent of the following-inclusion and: exclusion' rules.

:1

I&C/BS Cave _at 1 - Earthouake Exoerience Dsta Base. The panel or cabinet,'
should be similar to and bounded by the I&C class of equipment of the~ .I
earthquake experience data base. The discussion above.briefly summarizes,. ;
the class _ description of I&Cs-in the data base.

.

I&C/BS Caveat 2 - Evaluate Comouters and Procrammable Controllers-
Seoaratelv. Computers and programmable controllers should.-be' evaluated
separately. The concern is that the subc1 ass of' computers;and.programmablej

,

controllers is so diverse that they may not be adequately: represented by: :
.the' experience data base. Computers and programmable controllers should a *

therefore be evaluated on a case-by-case basis.

I&C/BS Caveat 3 - Evaluate Strio Chart Recorders Seoarately. Strip chart- -i
recorders should be evaluated separately. The concern is that long, narrow .;

\ recorders which are cantilevered off the. panel .may' not have adequate _ '

structural support. Strip chart recorders,are commonly supported on- ;
compression-type mounting brackets supplied by the manufacturer. These

, !.
:

types of_ support brackets are inherently rugged and= genera 11y' adequate for
transfer of seismic loads. .If there are no support brackets, or then
support system appears to be a custom design, or the Seismic,Capa_bility
Ergineers have any concerns regarding the. adequacy of the bracket, then' the

-support system should be subject:to- further evaluation, j
,

1&C/BS Caveat 4 - Structural Adeauacy. The steel frame and sheet' metal
should be evaluated for adequacy. Engineering-judgment may be'used to '

determine that an adequate load path exists to transfer the lateral
earthquake loads to-the foundation.

,

I&C/BS Caveat 5 - Ad.iacent Cabinets or Panels Bolted Toaether. Adjacent.
cabinets or panels which are close enough to-impact each other and sections -

of multi-bay assemblies .should be bolted together-if any of these
assemblies contain essential relays. The concern addressed'.in this caveat 4

-is that unbolted cabinets or panels could respond out of phase-to one
another and impact each other during an earthquake. This would cause.

L additional impact' loadings and high frequency-vibration loadings.which
could cause any essential relays to chatter.

.

A B.20-3
0

,

. .. - .. . . . - . . - . .. - .
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,

1&C/BS Caveat 6 - Drawers or EauipmentL on Slides RestrainedI Drawers or
equipment on slides should be restrained to. prevent them from falling out
during seismic motion. The~ concern is that the components:in the drawer
could slide and become damaged, or slide out and fall onto some other-- <

fragile essential component in;the vicinity. A' latch or fastener should
. secure these sliding _ components!

1&C/BS Caveat 7 - Doors -Secqtd. AllL doors should:be secured by a ' latch or'-
fastener. The concern addressed by:this caveat is that loose doors could'
repeatedly impact:the housing and be damaged or cause internal components'
such as relays to. malfunction-'or chatter. ,

' >

l
I&C/BS Caveat 8 -' Sufficient Slack and Flexibility of Attached Ling t
Sufficient s1ack and flexibili_ty should be present:in-attached lines (e.g.,-
cooling,: air, electrical)'to preclude a line' breach due' to differential 3-

1seismic displacement 1of; the-equipment and!the line's'' nearest support.--
!Sufficient. slack-and flexibility of lines is also consitiered in the: seismic' linteraction review-(Section 4.5).

3

I&C/BS' Caveat 9 - Adecuate Anchoraak. The unit should be' properly: anchored;
in accordance with the guidelines of Section 4.4.- ' ~

-

1&C/BS Caveat 10 - Potential' Chatter of Essential' Relays Evaluated.- If
relays.are mounted on the equipment, a relay functionality revicw in-
accordance with Section 6 should'be performed.

. .,
'

. -
. 11&C/BS Caveat 11 - No Other Concerns. There should not'be any other -

concerns with-the seismic capacity of.the cabinet or panel. . Seismic- a'

1- Capability Engineers should seek out suspicious details or uncommon
dsituations not specifically covered by the caveats.

- ,

B.20.2 GERS - Instrumentation and Control' Panels and Cabinets-1

q
There are no GERS for Instrumentation and Control' Panels and CEbinets. . 1

!
:

B.20-4
,

,
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Appendix C-

ANCV0 RAGE DATA

j

INTRODUCTION

,

The purpose of this appendix is,to: 1
'

j

.!

; Provide: generic;information on the various equipment classes for.use.

in anchorage . evaluations, '

Provide nominal allowable capacities- for certain types of. anchors,- and.
,

Describe anchor-specific' inspection checks and' capacity reduction :
~

.

factors.
. I

1
A general description of'the: anchorage evaluation procedure is included in-
-Section.4.4. 0nly those specific inspection ch'ecks or evaluations- which
apply to a particular type of anchor are described in this, appendix..

o

This appendix is organized with the generic equipment characteristics- for 1

anchorage evaluations given.first and the remaining information grouped by
anchor type as follow's:

'

1

1
C.1 Generic Equipment Characteristics for Anchorage Evaluations i
C.2 Expansion Anchors - Shell and Nonshell Types. '

>

C.3 Cast-In-Place Bolts and Headed Studs-

C4 Cast-in-P1 ace'J-Bolts-

C.5 Grouted-in-Place Bolts
a

C.6. Welds to Embedded or Exposed Steel

j

C-1

'...
. .... .. . . . .

. .

.
. -.

. .-. ___ - - - - - - - - - - - - -l-
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O<

Thefirst'sectioninthisappendixcontainsgeneric'equipme$t-' j
1

cl aracteristics for. anchorage evaluations for. use when-' equipment-specific j
data is not available for. equipment | mass,: natural frequency, or damping._

_

The remaining sections of this-appendix containL a, table of- nominal' )
allowable load capacities'~along with: anchor-specific inspections which.

| should be performed. . .in'some cases;a capacity; reduction factor is given
g

which may be used to lower the nominal- allowable' load capacities if the,

inspection check reveals _ that the installation does not meet the minimum, ;

guidelines. .
<

The material;.in thistappendix is based on the information containediin'-
,

Reference 7.

i
Note: The Seismic capability Engineers should not-use-tho' material-

,

L contained in this appendix unless.they have thoroughly reviewediand
.~

$understand Reference 7. N
~

'

. .

, .

4

;1

|
'

,

.

L

1
I

:|

C-2

1.

.
. ;

- . - . ,- - . - . -. -
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C .1 -. Generic' Equipment-Characteristics . Revision'2'
. for Anchorage Evaluations

O
~C.1 GENERIC EQUIPMENT CHARACTERISTICS FOR ANCHORAGE EVALUATIONS.

This.section ofLthe appendix contains estimates of equipment ~. tass,-natural-

frequency, and damping forjarious' classes of equipment' for anchorage:
evaluations. LThese generic characteristics may be used during anchorage-

_

evaluations in place of equipment-specific data. These-generic;
characteristicsfaretypicallyLconservative;:1.e.,'they;resultinlarger
than actual _ loadings"on Lthe anchorages. However, for, unusual items of:
equipment, an'. independent check should be-made of the reasonableness:of- the
values contained in-Table' C.1-1.

The equipment. man contained in Table C.1-1 is based on the heaviest item
~

found in each of the classes covered during a-. survey of equipment.

Equipment na'tural freauency is given a relative' rigidity.of either rigid or
flexible in Table C.1-1. Equipment with natural frequencies greater than
about 20 Hz are considered rigid. Equipment < with natural' frequencies below;
about 20 Hz are considered flexible. [ Note that the "r_igid""and " flexible"
categories of equipment in Table C.1-1 apply only to anchoraae evaluations.
These categories are different than the 8 Hz natural frequency limitation -
discussed in Section 4.2 and Table 4-1.' ' The 8 Hz' limitation applies to

.

comparison of eouioment seismic capacity to ground responsefspectra.]-

'

The relative rigidities given in Table C.'l-l'are for " typical" equipment in
nuclear power gilants. These generic categories'of rigid or flekible;should
be checked when performing the seismic. evaluation, noting particularly the -
rigidity or flexibility of the base support system' for, the- equipment:and
the rigidity of the anchorage itself. .In particular, the estimate for
natural frequency of equipment secured with expansion anchors should take
into account. the potential for shippage of these types of anchors. This
would be necessa. ;r example, when natural. frequency estimates of
equipment secureo .th expansion-anchors are based on analytical models

C.1-1

_
. _ _
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C.1. Generic Equipment Characteristics: Revishn 2'

for Anchorage-' Evaluations '

.]
p which used fixed anchor. points or when shake table test resultsL are used in ,

'

- which the equipment was welded to the table.
.

.

!-

l'
,

,

'

For. rigid equipment, the seismic demand on_the' equipment can be-. determined: i-

by using the-Zero Period Acceleration;(ZPA);; of the appropriate floor ', _;

response spectrum. For flexible equ_ipment; the peak ~of the.floorfresponse * {'

spectrum (for the-damoina'value given indTable C.1-1) should be use'd.: ![- -

l'
,e,

.;.

1{

'i t
,

#

.:

L

L
,

:
|,

.

;

?

,

)

4

i

,i

'

l'
|

yj

n

.

C.1-2 ,

|

1
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C.i Generic Equipment Characteristics Revision 2 i

for Anchorage Evaluations !

Table C.1-1 '

!

f|
'

GENERIC EQUIPMENT CHARACTERISTICS FOR ANCHORAGE EVALUATIONS

P

Equipmen+ Class Typical Maximum TypicalNgtural [
Number and Name Mass Frequency and j'

Damping |
t

#1 Motor Control 625 lb per cabinet Flexible; |
Centers 5% Damping

{
8#2 Low Voltage 35 lb/ft Flexible . :4

Switchgear 5% Damping !,

#3 MediumVo1} age 31 lb/f t Flexible i8

Switchgear 5% Damping j
#4 Transformers Ratino (KVA) Mass (lb) Flexible |

5% Damping !
3,000 15,000 !
2,500 11,050 !i 2,000 9,400

|
! i,000 6,300 1,

100 975' i

#5 Horizontal Power (HP) Mass (lb) Rigid
Pumps with 5% Damping f

8

Motors 1,000 20,000 ;

600 16,500 !
500 12,000 ;
400 8,600 i
200 6,000

i 100 3,600
l

,

1 Medium voltage switchgear are called * Metal-Clad Switchgear" !in Reference 7,
1

i
;

2 Natural frequencies are given as either Rigid (> about 20 Hz) or :
Fle) o (< about 20 Hz) and appl / only tc anchorage evaluations. (Note :
that sne 8 Hz natural frequency limitation discussed in Section 4.2 |

| applies to comparison of g_quipment seismic capacity to ground response !
| spectra.)

;

3 A damping valve of 5% can be used for rigid equipment since the seismic |
,

| accelerations can be taken from the ZPA which is not affected
t

,

significantly by damping level. I
t

O .

.

C.1-3 i

;

|
t
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ei<

Table C.1-1 (Cont'd)' I
l

GENERIC EQUIPMENT CHARACTERISTICS FOR ANCHORAGE EVALVATIONS 1

Equipment Class Typical Maximum Typical Natural- i
Number and Name Mass Frequency # and I

Damping
]

#6 Vertical Pumps Power (HP) Mass fib) l
with Motors ;

'

a. Vertical 150 4 , C". 0 Flexible ;

Immersion 3% Damping

b. Centrifugal 500 9,000 ',

. Rigid i
82,000 48,000- 5% Damping -

c. Deep kell 500 9,000 Flexible I

(motor) 3% Damping

14,000
(pump)

;

#12 Air Compressors Power (HP1 Mass fib)4

50 4,000
. Rigid *

35% Damping
200 10,000

j
#13 Motor Generators (Not Available) Rigid

5% Damping f
3

8#15 Batteries on 0.11 lb/in for batteries, Flexible
Racks plus weight of rac'I 5% Dk . n o_ .- ,

#16 Battery Chargers 45 lb/ft Flexibie ! 'a

and Inverters y'
5% Damping '

#17 Engine-Generators (Not Available) Rigid -1.
,

I 5%.. Damping *" ,, .
-

#18 Instrument Racks 20 lb/ft' of vertical face Flexible
~'

,

:
3% Damping ;

#14 Generic Equipment 3 times the weight of Flexible !

& Cabinets cabinet housing 5%.0amping
#20

,'

#14 Walk-Through Determine and use weight Flexible $
| & Control Panels per foot of length 5% Damping

'

'

#20
,

C.1-4 ,

k
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C.2 Expansion Anchors Revision 2

i

C.2 EXPANSION ANCHORS

:

The topics covered in this section of the appendix for expansion anchors !

are as follows. The subsection number of each of these topics is also t

given.
,

i

C.2.1 Nominal Allowable Capacities

C.2.2 Check for Anchor Type

C.2.3 Tightness Ch9ck
'

C.2.4 Embedment Check

C.2.5 Spacing Check

C.2.6 Edge Distance Check ;

C.2.7 Concrete Strength Check
;

C.2.8 Check for Concrete Cracks

C.2.5 Check for Essential Relays i

O C.2.10 Reduced Inspection Alternative

C . P. . l l Shear-Tension Interaction
.

The specific checks described in this section should be performed in !

conjunction with the generic anchorage installation inspection checks
described in Section 4.4.1. (See Table 4-2 for the checks which are

| applicable for this anchor type.)
|

The nominal allowable capacities and capacity reduction factors provided in
this section should be used in the anchorage capacity equations given in

'

Section 4.4.2.
,

.

!

/~3 C.2-1 ,V
,

b

. .I
. v - , - , , , . , . , . - ~ , _ . - , - - - - - - . ~ . ,
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C.2 Expansion Anchors Revision 2

C.2.1 Nominal Allowable Caoacities

The nominal allowable load capacities which can be used for the types of
expansion anchors covered by this procedure (i.e., those listed in
Table C.2 2) are given in Table C.2-1 below.

Table C.2-1

NOMINAL ALLOWABLE CAPACITIES
FOR EXPANSION ANCHORS

(f', 2 4000 psi for pullout and f', t 3500 psi for shear)

Bolt / Stud Pullout Shear Minimum Minimug Min.Edgp2Diameter Capacity Capacity Embedment Spacing Distance10. in.) IP . kio) ( . kio) ( . in.) Q . in.) Q . in.)
3/8 1.46 1.42 2.16 3.75 3.75
1/2 2.29 2.38 2.81 5.00 5.00
5/8 3.17 3.79 3.31 6.25 6.25-
3/4 4.69 5.48 4~25 7.50 7.50 g
7/8 6.09 7.70 4.72 8.75 8.75

1 6.95 9.53 5.56 10.00 10.00-

1 The pullout and shear capacities shown here are for the expansion
anchor types included in Section C.2.2 installed in the sound,
uncracked concrete (i.e., no cracks passing through .the anchor bolt
installatian) with a compressive strength -(f',), of at 'least 4000 psi
for pullout and 3500 psi for shear.

2 These are the largest minimum embedments for all makes and models of
expansion anchors covered by this procedure. The minimum embedments
shown in Section C.2.4, for specific makes and models of expansion
anchors, may be used in place of the minimum embedment given above.

3 Minimum spacings and edge distances are measured from bolt center to
bolt center. Smaller spacings and edge distances less than the- ,

t

minimums given here can be used with the reduction factors given in
Sections C.2.5 aM c.2.6.

C.2-2

_ .
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\

C.2.2 Check for Anchor Tvoe

The specific manufacturers and product names of expansion anchors covered [
by this procedure are listed in Table C.2-2 below. Thiltable also lists I

capacity reduction factors (RT, for pullout and RT, for shear) which.should -[
'be multiplied by the nominal pullout and shear capacitiet (P , V,) given

in Table C.2-1 to obtain the allowable pullout and shear capacities (P,n,
V,y) as follows

P,n P ,RT, ;
-

V,n V, RT, --

i

Note that, generally, expansion anchi.rs should not be used for securing '

vibratory equipment such as pumps and air compressors. If such equipment f
is secured with expansion anchors, then there should be a-large margin |

'between the pullout loads and the pullout capacities; i.e., the loads' on
these expansion anchors should be primarily shear.

I
! 's f

1 (G .

'

The principal differences between shell- and noi shell-type expansion i

anchors are explained below. *

;

i
Shell-tvoe expansion anchors are expanded into the concrete by application I

of a setting force independent of the load later applied to the bolt or nut
;

by the equipment being anchored. The key feature of this type of expansion
anchor is that it relies upon '.ts initial preset for holding it_ in place,
Figure C.2-1 shows the features of several types of shell-type expansion j
anchors.

i

Figure C.2-la shows a "Self Orilling Type" of shell-type expansion anchor.
1

This type of anchor is set in place by driving the shell down over the cone i

expander which is resting agai.1st the bottom of the hole. !

:
,

1( C.2-3

1
:

I
i

- .- . .. . -. .- . . . --
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C.2 Expansion Anchors Revision 2 i

.

O;
Table C.2-2

,

t

TYPE OF EXPANSION ANCHORS
COVERED BY THIS PROCEDURE AND :

ASSOCIATED CAPACITY REDUCTION FACTORS |
.

!Capt sty Reduction
Manufacturer Product Name Tvoe f eet ,rs (RT . RT,1 !

Hilti Kwik Bolt Nonshell- 1.0-

HDI Shell' l.0 '

Sleeve Nonshell 0.6
,

ITW/Ramset Dynaset Shell 1.0
Dynabolt Nonshell 1.0 -|
Trubolt Nonshell 0.75

ITW/Ramset/ Multiset Drop-In Shqll 1.0 i

Redhead Self Drilling Shill 1.0
Dynabolt Sleeve No'ashell 1.0
Nondrill Shell 1.0 i

Stud Shell 0.75
TRUBOLT Nonshell 0.75-

'

Molly Parasleeve Nonshell 1.0
MDI Shell 1.0 :

Parabolt Nonshell 0.75 ,

Phillips Self-Drilling Shell 1.0
Wedge Nonshell 1.0 ;
Sleeve Nonshell 1.0
Multi-Set Shell 1.0 '

Stud Shell l' 0
Non Drilling Shell 1.0 -

Rawl Drop-in Shell- 1.0
Stud Shell 0.75
Saber-Tooth Shell 0.75

'

Bolt Nonshell 0.75 |

Star Selfdrill Shell 0.75 :
Steel Shell 0.6

-

'

Stud Shell 0.6
USE Diamond Sup-R-Drop Shell 1.0 '

Sup-R-Stud Shell 1.0
Sup-R S1eeve Nonshell 1.0 *

Sup-R-Drill Shell 0.75
WEJ IT Drop In Shell 1.0

Sleeve Nonshell 1.0
Wedge Nonshell 0.75
Stud Shell 0.6

O
C.2-4

i
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Figure C.2-lb shows a " Drop-In Type" which is set in place by driving a
cone expander down through the center of the shell thereby causing the
lower portion of the shell to expand into the concrete.

Figure C.2-It shows a "Phillips Stud Type" which is set in place by driving
the stud down over the cone expander which is resting against the bottom of
the hole.

Nonshell-tvoe expansion anchors are expanded into the concrete by pulling.
;

the stud up out of th'e hole which causes a sleeve or a split ring to be !

forced into the concrete. The key feature of this type of expansion anchor
is that the more the stu'd is loaded in tension, the greater the expansion
setting force becomes. Figure C.2-2 shows the features of two types of-
nonshell-type expansion anchors.

Figure C.2-2'a shows a " Sleeve Type" which is set in place by pulling the
stud, with its integral cone expander on the bottom, up into the sleeve
thereby forcing the lower split portion of the sleeve into the concrete.
The sleeve is held in place during this setting process by butting up
against the lower surface of the washer.

Figure C.2-2b sR x a " Wedge Type" which is set in place by pulling the i

stud, with its integral cone expander on the bottom, up though a split
|ring. Note that the split ring relies on friction against the concrete to
|stay in place during the setting operation.

Distinouishino characteristics of shell--and nonshell-type expansion
anchors in their as-installed condition are shown in Figure C.2-3.-

Figure C.2-3a shows a nonshell-type expansion anchor in which the visible
portion is characterized by a smoothly cut or mechanically finished
threaded stud with a nut holding the base of the equipment in place.

O
C.2-6

.

&._.-.......,.. .. .

- -

- - - - - - ^ ^ - - - - - - - ^ ^ - - ' ~ ^ - -



. - - . - - .- . - _ _ - - _ _ _ _ _ _ - - - _ . _ _ _ . - - _ _ _ _

.

k

:
1

i
C.2 Expansion Anchors Revision 2- i

i

I
'

sim !

( !
NJ t

I i ~ i.

{ d. j
'""
'. . . ., . , .

.

', s , .

N
-s sme - !

I
'

's

' , ,

'[ ) hg pyggI

" ?*** :.' -

w si- - i ..C ,
e Cases spot Portion Of

. K. ,7*
* swo so nc,no me -

* ;
C.a i. er neic ae na e.

i ;

;
,

9

i
s. st.sava type

-

,
i

!
t

i.

i
e

I'
sim ;

;

IFIT [ " l
2.." E..

'

. .. .

* . . !
* e

1 ;-

.. 3081 M8a0 i
*

,* I
, i )

' *

.., ;.

=- -

.g p sid with mtopel Cons
**, Ceees seat Rmg to

,- in.aa mi. Coa. i. ;
,

j s, nei.ning we :
i

.

| !
j' b. WEDGE TYPE

]

i

)

i
|

|
!

t Figure C.2-2. Features of Nonshell-Type Expansion Anchors.
'

(Source: Reference 7) :

|

C.2-7 i
|

. .. . - - - . . . -. . . . --. .. . . . .-. . . . .



. . . . .- - - . . - . - . - - _. . . . . - . -- . _ _ - _ - . .

C.2 Expansien Anchors Revision 2

O
Frushed Smooth Cd
Duhcanoe honehes Type

i ' Dolt Hood steentes .s

g Shen-Type 1

I I l- IT Tl
.Qum=Q g1 Q l

. . . .. . . ,
.

; ...
...

.

' *

. . 8 ., ;

i s

. :. s
.

. , ' }! ' {[t *
.

.' ,1 N N *.
'

. : s_p+.' ,
-

.- -
,( u.g. -

.. .-
.

,

s. NONSHELL-TYPE' b.SHELL-TYPE
WITH SOLT

O!=, . m. . _ . . . .
8h*8 * Tyse e

pu,,, ,,, ;
'

hp.

e 2a t2-3 .

' ' . * ' *** e,' +,,
,e s . ...

%s

>
'

i NN sr q.

}..ps . :
, ,

.

,

/ e .. -'
., :..

a \ a. .

'. ;
i

. , .

4.SHELL-TYPE d.SHELL-TYPE
WITH THREADED ROD PHILLIPS STUD .

,

Figure C.2-3. Distinguishing Characteristics of Installed
Shell- and Nonshell-Type Expansion Anchors.
(Source: Reference 7)

C.2 8

,

, - -, .. , , , . . ,
- ~ , . , - . .

..



_ _ _ _ _ _ _ _ _ _ _

6

i

''C.2 ' Expansion Anchors. -Revision 2

'

Figure C.2-3b shows the most common type o'f shell-type expansion anchor in '

which the visible portion is characterized by a head of a bolt.
I

.

4

Figures C.2-3c and C.2-3d show other typs if shell-type expansion anchors
|

in which the visible portion is characterized by a rough cut or a raised
knob on the end of.the threaded rod. Careful inspection is necessary to [
distinguish these two types of shell expansion anchors from the nonshell- !
type shown in Figure C.2-3a. !

:

C.2.3 Tiahtness check. I
,

(Note: This inspection check is not needed if the Reduced Inspection !
'

Alternative is chosen, as described in Section C.2.10.) i
-

,

\

The tightness check can be performed by using a standard size box or open-
end wrench on.the bolt head or nut and applying a torque by hand until the

,

bolt or nut is " wrench tight"; i.e., tightened without excessive exertion, i

For those cases where specific torque values must be used (e.g., for
;

maintenance work orders), the " Tightness Check Torque" values given in '

Table C.2-3, below, can be used for this expansion anchor tightness check. !
These values correspond to about 20% of the normal installation torques. [

,

Table C.2-3
:

RECOMMENDED TORQUE val.UES FOR !

EXPANSION ANCHOR TIGHTNESS CHECK
'

c

Anchor Installation . Tightness Check '

Diameter Torque Torque ,

fin.) (ft-lbs) (ft-lbs) |
3/8 25-35 5-7 |
1/2 45-65 9-13 -

5/8 80-90 16-18 '
3/4 125-175 25-35

:}7/8 200-250 40-50
1 250-300 50-60 |

|

.

C.2-9

;

'

t

|

!
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A well-installed expansion anchor should not rotate under this applid
torque. A small amount of initial rotation (about 1/4 turn) is acctptable
provided the nut or bolt will tighten and resist the applied torque. If a -
bolt turns more than about 1/4 turn, but does eventually resin the' torque,
it should be re-torqued to the manufacturer.'s recommended installation
torque and then considered acceptable.

A sampling program can be used to check the tightness of expansion anchors

provided it achieves 95% confidence t, hat no more than 5% of the expansion
anchors fail to meet the tightness guidelines given above. This 95/5
criterion can be met using the guidelines given below for sample size,
homogeneous population, allowable number of nonconforming anchors, and use'
of initial tightness test results.'

Samole Size. The number of expansion anchors selected for tightness
*

checking should be at least as large as given in Table C.2-4 below for
" Sample Size".

. q

|

Table C.2-4

SAMPLE SIZE FOR !
EXPANSION ANCHOR TIGHTNESS CHECK

Sample
Condition Size_ _

Expansion Anchors Securing Equipment .100%Which Contains Essential Relays

Total Size of Homogeneous Anchor Population Is 100%
Less Than 40 Anchors

Total Size of Homogeneous Anchoe Population Is 40: Anchors '

i

Between 40 and 160 Anchors

Total Size of Homogeneous Anchor Population ~Is 25%
More Than 160 Anchors

,

C.2-10

o
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O' Homoneneous pooulati.gn. The sample size is based on the total j.

population of expansion anchors being homogeneous. Factors such as |
'

installation specifications, quality assurance procedures used in.the
'

installation specifications, quality assurance procedures used during
installation, bolt manufacturer, installation contractor, etc., should i

be considered when jud'ging whether or not the total population is
homogeneous. If there is more than one homogeneous set of expansion
anchors, then the sample size limitations given above and the
allowable number of nonconforming anchors given below apply to each
individual population.-4

i

Y

Allowable Number of Nonconformino Anchen. The criterion of 95%.
+

confidence that there are no more than 5% nonconforming. anchors can be I

met if the number oi :.xpansion anchors which fails the tightness check-

does not exceed the limitations given in Table C.2-5 below. If more

| than these number of anchors fail the tightness check, then the sample
'

size should be increased until the failure rate does not exceed the.
limitations in this table,

.

. Use of initial Tiahtness Test Results. The results of the initial
torque tightness check on each expansion anchor should be used to

establish the failure rate for the purposes of the sampling program.
For example, if out of a total population of 400 expansion anchors 100
were tightness checked and 4 of these failed the initial check, then
the sample size should be expanded. (Table C.2-5 only a110ws 3-

anchors to fail for 100 tests on a population _of 400.) The sample

size should be expanded even if all 4 of the-failed anchors were able
to be fully tightened up to their installation torque requirements.

:

|

|

C.2-11
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O
Table C.2-5

ALLOWABLE NUMBER OF EXPANSION ANCHORS !
WHICH NEED NOT PASS TIGHTNESS CHECK

Total Number of Anchors Which Need Not Pass Tightness Check |Population for Test Sample Size . (n): !

Size (N) 40 ,_fD RQ 102 JjiQ 2.QQ 21Q IQQ 1!iQ iQQ..iliQ 101 4

100 1 2 3 5 !-- , ----- --- - -- -- --

200 N/A 1 2 3 6 10 -- -- -- -- -- --

I200- N/A N/A _2 3 5 7 10 15 -- -- -- --

400 N/A N/A N/A 3 5 7 9 12 15 20 -- --

500 N/A N/A N/A N/A 5 7 9 12 14- 17 10 25'
600 N/A N/A N/A N/A 5 7 9 11: 14 16- 19 22

700 N/A N/A N/A N/A N/A 7 9 111. 13 16- 18 21

800 N/A N/A N/A N/A N/A 6 9 11 13 16 18 21

900 N/A N/A N/A N/A h/A N/A 8' 11 13 15 18 20
1000 N/A N/A N/A N/A N/A N/A 8 11 13 15 17 20

,

If certain expansion anchors are not accessible due to such things as high
!

radiation, concrete poured over the anchorage's, equipment disassembly or
removal being required, etc., then other methods may be used 'to assess the

f
tightness of the expansion anchors as follows:

.

Use the Reduced Inspection Alternative (Section C.2.10) to verify the. '

anchorage adequacy (the reduced inspection does not require a
tightnerscheck).

,

Delay the tightness checks until a later refueling outage when.

radiation hazards are less. '

Use engineering judgment to assess the anchorage adaquacy~ based on..

Other considerations, e.g., tightness checks on similar anchors
. relsewhere in the plant which show that installt. tion practices produced

-

consistently tight installation. This method should be used as a lastresort. The basis for the engineering judgment should be documented.

|

!

C.2-12
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1

5 C.2.4 Embedment Check I

(Note: This inspection check is not needed if the Rev.'ced Inspection
Alternative is chosen, as described in Sectica C.2.10.). ;

,

The manufacturer's recommended minimum embedments are listed in Table C.2-6,

below.

.

Table C.2-6 1
.

MANUFACTURER'S RECOMMENDED MINIMUM EMBEDMENT
F0P.' EXPANSION ANCHORS COVERED BY THIS-PROCEDURE :

4

Minimum Embedment (L) [in.) |

Product Name 'for Bolt / Stud Diameter: :

Manufacturer (S-Shell .N=Nonshell ) }].Q" 142" lig" jf_i" 2Z8" 1" ,

Hilti ' Kwik-Bolt (N) .l.50 2.25 2.75 3,25 4.50-

HDI (S) 1.75 2.00 2.53 3.19 -- ---

Sleeve (N) 1.50 2.00 2.00 -- -- --

1

ITW/Ramset .Dynaset (S) 1.63 2.00 '2.63 3.25 -- --

<-'s Dynabolt (N) 2.00 2.25 2.25 '-- - --

t, ,) Trubolt (N) 1.50 2.25 2.75 3.38 4.00 4.50 :

l ITW/Ramset/ Multiset Drop-In (S) 1.63 2.00 2.50 3.19- -- --

Redhead Self Drilling (S) 1.53 2.03 2.47 3.25 -- --

Dynabolt Sleeve (N) 1.88 2.00 2.25t -- -- --

Nondrill (S) 1.56 2,06 2.56 3.19 -- --

Stud (S) 1.63 1.88 2.38 2.88 -- --

TRUBOLT (N) 1.50 2.25 2.75 3.25 3.75 4.50 -

1 Molly Parasleeve (N) 1.25 1.50 2.00. 2.00 |-- -

MDI(S) 1.56 2.00 2.50 3.19 '-- --

Parabolt (N) 1.50 -2.25 2.75 3.25 4.00 4.50
,

i
l,

t

!

!

,

.

,

h
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1

i

Table C.2 6 (Continued) |
l

MANUFACTURER'S RECOMMENDED MINIMUM EMBEDMEN !

FOR EXPANSION ANCHORS COVERED BY THIS PROCEDURc j

MinimumEmbedment(L):(in.)
Product Name for Bolt / Stud Diameter:

Manufacturer (S-Shell.N-Nonshell) }ZB" 1/_2" }Zg" J/J" ILB" 1"

Phillips Self-Drilling (S) 1.53 2.03 2.47 3.25 3.69 --

Wedge (N) 1.75 2.13 2.63_ 3.25 3.75. 4.50-
Sleeve (N) 1.88_ 2.00 2.25 -- -- --

Multi-Set (S) 1.38 1.75 2.25 2.50 -- --

Stud (S) 1,63 1.88 2.38 2.88 -- --

Non Drilling (S) 1.56 2.06 2.56 3.19 '

-- --

Rawl . Drop-In (S) 1.88 2.38 3.00 3.50 -- --
i

Stud (S) 1.75 2.25 2.88 3.38- 4.00 4.50
Saber-Tooth (S) 1.53 2.03 2.47 3.25. 3.69~ --

Bolt (N) '2.00 2.50 2.75 3.00- -- --
,

Star Selfdrill (S) 1.53 2.03. 2.47 3.25 3.69 --

Steel (S)- 1.44 1.94 2.38 3.00 --- --

Stud (S) 1.63 1.75 2.38 2.88 '

-- --

USE Diamond Sup R-Drop (S) 1.56 2.00 2.53 3.19 :-- --

Sup-R-Stud (S) 2.16 2.81 3.31 4.25 4.72 5.56- .

Sup-R-Sleeve (N) 1.25 1.50 2.00 2.00 ' -

.

-- --

Sup-R-Drill (S) 1.53 2.03 2.47 3.27 -- --

,

WiJ-IT Drop In (S) 1.63 2.00 2.50 3.25 -- --

| Sleeve (N) 1.50 J.88 2.00 2.25 '
-- --

| Wedge (N) 1.50 2.00 3.00 3.00 4.50 5.50
i Stud (S) 1.75 2.13 2.63 3.25

,

4.50--

' ' ' ~

Lirheitofthh'kibimumimbedmenii 5$55 5'ki 5$55 4555' d!75 5555
Giten Above:

F

These minimum embedments can be verified by performing the following
inspection checks for shell- and nonshell-type expansion anchors. Note

that these checks should be performed Afttt the tightness check (described
in Section C.2.3) has been performed.

:
;

i-

C.2-14

,

.
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!
'

C Shell-Tvoe Exoansion Anchors. The embedn:ent length of shell-type expansion
anchors is predetermined by the length of the shell and how it is installed
in the concrete. The appropriate shell length is assured if the expansion

j
anchor is one of the ty;es listed in Table C.2-6. An appropriate .j
installation is assured if the shell of these anchors does not protrude !

above the surface of the concrete.

When making this embedment check, a check should also be made.(as described
in Section 4.4.1, Check #4) to confirm that the top of the shell is not .
touching the bottom of the base plate of the item of equipment being .

,

anchored. This check should be performed after the tightness check has :

been done. This will assure that the expansion anchor is tight in the hole-
and not just tight up against the base of the equipment.

If it is necessary to remove the bolt or nut .from the anchorage to make the
above two checks, then it is only necessary to spot check the embedment of
a few anchors. If this spot check indicates that these types of bolts may
not be properly installed, then this inspection check should be expanded
accordingly. When re-installing the anchor, it should be re-tightaned to a
" wrench tight" condition or to the recommended tightness check torque .

values tsing the guidelines given in Section C.2.3 above.

,

Nonshell-Tvoe Exoansion Anchors. The embedment length of nonshell-type
expansion anchors is predetermined by the length of: the stud and the
installation of the anchor. The appropriate overall length of nonshell
studs is dependent upon the mu ufacturer, the model, and the thickness of
the equipment base plate for which the anchor is designed. Table C.2-7,-
below, can be used as a generic screen for. essessing whether a nonshell
expansion anchor has adequate embedment. This table lists a range of
maximum stud projections above the surface of the concrete for the makes
and product names of nonshell expansion anchors listed in Table C.2-2. A

range of projections is given in Table C.2-7 since there are differences in
acceptable projections depending upon the make and'model of the anchor. If

C.2-15 k
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a nonthall stud pro.iects more than the lower value of this range, then
anchor-specific information should be used.to. determine the embedment
length of the anchor. )

I.
Table C.2-7

MAXIMUM STUD PROJECTIONS ABOVE CONCRETE
FOR NONSHELL-TYPE EXPANSION ANCHORS

Maximum Stud -

Stud Projections
Diameter Above Concrete -

'
(in.) (in.)

3/8 1/2 - 3/4
1/2 1/2 - 3/4 )
5/8- 1/2 - 7/8

3/4 7/8 - 1-1/2
7/8 1-1/2 3-1/2 i

1 1-1/2 -'3-1/2
'

;

O
Note that some judgment is needed when checking the projections since.

larger projections than those given above may be needed if,the base plate- ^

is relatively thick. Thus, while this check need only b'a visual, careful
judgment should be made in determining whether the. stud projection-is
reasonable, given the belt diameter and base plate thickness.' One other

ray to check embedment length is to use ultrasoniu inspection techniques
and compare the measured bolt / stud length to th' manufacturer's recommended '

e

minimum embedment given in Table C.2-6.

This ep.bedment check should be performed on wedge- and sleeve-type,
nonshril expansion anchors after the tightness check has been done as
desr ibed in Section C.2.3. This is to ensure that the tightness check
does not pull the expansion anchor partially out of the hole beyond the -

required minimum embedment.

,

C.2-16
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J
~ )

For bolts with deeper embedments than the minimum values given in
Table C.2-6, manufacturer's catalog data may be used, if it is available,
to establich the nominal allowable capacities instead of those given in |

Table C.2-1. As an alternative, plant specific testing may be performed ~to
;

establish the strength of the more deeply embedded expansion anchors. ]

C.2.5 Soncina Check i

;

If the spacing (S) between an expansio'n anchor and'another anchor is less !

than the minimum value (Sgn). given in Table C.2-1, then a pullout capacity |

reduction factor (RS ) and a shear capacity' reduction factor (RS,) should fp

be multiplied by the nominal pullout and shear capacities (P,,, V,,) given ]

in Table C.2-1 to obtain the allowable pullout and shear capacities (P,ii,. [
V,n) as follows:

.|

L
P, y P,, RS, j-

V,n V,, RS, I=

Where: P,y Allowable pullout capacity of anchor '-

P,, Nominal pullout-capacity of anchor from |
.

=

Table C.2-1 |
'

V,n Allowable shear capacity of anchor-

;

V,, 'Nominal shear capacity of anchor from=

lable C.2-1
.

,

.

RS' Pullout capauty reduction factor for closely I=

spaced expansion. anchors
!

1.0 for S 2 10D=
,

,
'

,

for 10D > S 2 SD= . . -

i 10 '

0.5 for-S < SD !=

!
!

O C.2-17 :O
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!. .

RS, Shear capacity reduction factor for closely=

spaced expansion anchors.
,

;

1.0- for S 2 2D- 'l=

0.5. for S <'2D i-

i

A reduction factor should be applied for nEh nearby anchor, whethir it is
.

another expansion anchor or a different type of anchor. _The spacings (S)'
|

given above are defined in terms of multiples of the anchor bolt / stud '

diameter (D), measured from anchor centerline to centerline.
;

C.2.6 Edoe Distance Check

If the distance (E) from an expansion anchor to a free edge of concrete-is
'less than the minimum value (Ego) given in Table C.21, then a pullout

capacity reduction factor (RE,) and a shear capacity reduction factor (RE,) y

should be multiplied by the nominal pullout and shear capacities (P,,,
'

V ,) given in Table C.2-1 to obtain the allowable pullout and shearn
;

capacities (Pen' V u) as follows: !

P,n - P,,RE,
V,n - V,,RE,

| Where: P, n Allowable pullout capacity of anchor-

i

P,, Nominal pullout capacity of anchor from
{

=

Table C.2-1
l

V, n Allowable shear capacity of anchor=

V,, Nominal shear capacity of anchor from=

Table C.2-1
{

RE" Pullout capacity reduction factor for near=

edge expansion anchors

1.0 for E 1 100 I=

C.2-18
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!i

.f)l

U
for 10D > E 2 2D=

!
0.0 for E < 20-

RE, Shear capacity reduction factor for near edge=
-

expansion anchors

1.0 for E a 100=
>

!
'

E 'L5
for 100 > E 2 20-= - -

10
. .

,

0.0 for E < 2D=

't

A reduction factor should be applied for agh nearby. edge; e.g., if an ;

anchor is near a corner, then two reduction factors apply. The edge :

distance (E) given in the tables above are in terms-of multiples of the - !

I p anchor bolt / stud diameter (D), measured from the anchor centerline to the
'

| edge.
'

C.2.7 Concrete Strenath check '

If the concrete compressive strength (f',) is less than 4000 psi for
pullout loads or 3500 psi for shear loads, then a pullout capacity-

reduction factor (RF,) and a shear capacity reduction factor (RF,) _should
be multiplied by the nominal pullout and shear capacities (P,,,- V,,),
given in Table C.2-1, to obtain the allowable pullout and shear capacities

,

| (P,ii, V,ii) as follows:
&

;

P,y = P ,RF,n

V,ii - V,,RF,
t

- t

O
C.2-19 '

4

'
. . , _ _ _ _ _ __ .- _ - _ __ __ _ _ . . . . .
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C.2 Expansion Anchors Revision 2

{

Allowable pullout capacity of anchor
|

Where: P,3i- =

P,, Nominal pullout capacity of anchor from=

Table C.2-1
.

Allowable. shear capacity of anchor- :V,3i =

: V"" - Nominal shear capacity of anchor from-

Table C.2-1 l
.

Pullout capacity reduction factor _ for -RF =
' expansion anchors in low strength' concrete

1.0 for f', 2 4000 psi ]
-

T'* for 4000 psi > f', 2 2000 psi-= -

4000

t

Outlier for f',.< 2000 psi-

RF, Shear capacity reduction factor for expansion '-

anchors in low strength concrete j

1.0 for f', 2 3500 psi-

,
1

go i*
+ 0.65 for 3500 psi > f', 2000 psi'

10,000

Outlier for f', < 2000 psi-

f', Concrete compression strength (psi)=

.

C.2.8 Check for Concrete Cracks

If there are significant structural cracks in the concrete where expansion

anchors are installed, then a pullout capacity reduction factor (RC,): |
should be multiplied by the nominal pullout capacity (P ,), given in '

n

Table C.2-1, to obtain the allowable pullout capacities (P,3i) as follows.

I
t-
!,

C.2-20
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C.2 Expansion Anchors Revision'2
,

.

!
'

- The shear capacity of expansion anchors is 'not significantly affected by ;

cracks in the concrete.
,

i

P, y P ,RC, |
=

n

Allowable capacity of anchor fWhere: P, y - =

'

Nominal pullout capacity of anchor from !P.,, =

Table C.2-1
,

RC' Pullout ~ capacity reduction factor for=
;

expansion anchors in cracked concrete ,

See Table C.2-8 for values !=

The pullout capacity reduction factor applies only to significant '

structural cracks which penetrate the concrete mass and 1.;. s through the !

vicinity of the anchor installation. Concrete with surface (craze) cracks- -

or shrinkage cracks which only affect the surface of the concrete should be '

p considered uncracked. It may be necessary to exercise judgment to .

\ establish whether cracks in the vicinity of an anchor actually pass through i

the installation. Inspections for crack width should be visual (i.e.,
;

detailed measurement of crack widths is not necessary). :

.

C.2.9 Check for Essential Relays *

i

If there are essential relays mounted in the item of equipment. then the I-

following pullout capacity reduction factor (RR,) and shear capacity !
reduction factor (RR,) should be multiplied by the nominal pullout and

;
shear capacity (P,,) given in Table C.2-1 to obtain the allowable pClout
and shear capacities (P,ji, V,y) as follows: |

'!
P,, RR, jP, y =

V ,RR, fV,y =
n

C.2-21 5
,
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i

l

|||||
1

Table C.2-8 '

:

PULLOU1 CAPACITY REDVCTION FACTORS FOR |
EXPANSION ANCHORS IN_ CRACKED _ CONCRETE |

:
- Reduction Factor for ;

Pullout Capacity .

Conditions (RC-)
Y

No Cracks 1.0. '

,

Crack ~ Size-< 0.01 in, and the.

Number of Anchors Securing the l

Equipment Which Are Affected by :
These Cracks Is:

.

.

s 50% 1.0 :

> 50% 0.75* ,

*

0.01 in. 5 Crack Size s 0.02 in. 0.75.

Crack Size > 0.02 in. Outlier*

O~
Capacity reduction factor applies to all anchors securing the item of*

equipment, not just anchors which are affected by the cracks.
.

.

4

C.2-22
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..

O ;
'

Where: P,n Allowable pullout capacity of anchor-

P, Nominal pullout capacity of anchor from=

Table C.2-1
'

V,y Allowable shear capacity of anchor.--
;

Vg - Nominal shear capacity of anchor from *

Table C.2-1-

RR' . Pullout capacity reduction factor for=
.

expansion anchors securing equipment in which ,

essential relays' are mounted
i

0.75 i=

.

RR, Shear capacity reduction factor for expansion=

anchors securing equipment in which essential :relays are mounted i

0.75=
,

i
The Relay Functionality Review described in Section 6 of the GIP-identifies

; which cabinets and items of equipment contain essential relays.

O'

C.2.10 Reduced insoection Alternativeg

|

A reduced level of inspection can be performed'for expansion anchors if
additional conservatism is included in the anchorage evaluation. The two t

inspections which can be deleted for this reduced inspection'are:

Tightness Check (SectionC.2.3).

-

.

Embedment Check (SectionC.2.4).

However to use this Reduced Inspection Alternative, the following
L conditions should be met:

|

L O,p_qcity Reduction Factor ADolied. If the Reduced Inspection-.

Alternative is used, then a pullout capactty reduction factor (Ri )
p

and shear capacity reduction factor (RI,) should be multiplied by the -

C.2-23
,

a
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1

nominal pullout and shear capacities -(P ,, V,,) given in Table C.2-l'n

to obtain the allowable pullout and shear ' capacities (P,ii, V,ii) asi

follows:

!

P,y P , RI,-
n

V,ji V,, RI,-

!

Where: Pin Allowable pullout capacity of anchor--
,

P,, Nominal pullout capacity of anchor from i=

Table C.2-1
*

:

V,ii Allowable shear capacity of anchor ;=

V,, Nominal shear capacity of anchor from=

Table C.2-1

RI, Pullout capacity reduction factor-for use with= -

Reduced Inspection Alternative

0.75 *=
,

RI, Shear capacity reduction factor for use with=

Reduced Inspection Alternative
L

0.75=

3

Other Effects Do Not Reduce Anchor Capacity. -None of the other-.

effects which could lower the capeity of the anchor. are present. The

following anchorage inspection checks, from Section 4.4.1, should show
that the anchors have full capacity. The checks and the full capacity
values are listed in Section 4.4.1 and'in Sections C.2.5 through

,

C.2.9:

Check 6 - Gap Size: None (Section4.4.1)
Check 7 - Spacing: S 1 100- (SectionC.2.5)
Check 8 - Edge Distance: E 2 100 (Section C.2.6)- -

C.2-24
|

.
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O
\ Check 9 - Concrete Strength: [

For Pullout: f', 2 4000 psi . (Section C.2.7)*
.

For Shear: f', 2 3500 psi (Section C.2.7)-. '

Check 10 - Concrete Cracks: None !

Check 11 - Essential Relays: None i
:

One Third of Ancho,rs Not Available. The applied seismic and dead.
,

loads shculd be less than the allowable anchor pullout and shear .!

capacities given above when-a third of the anchors securing the item |-

of equipment arc assumed to be unavailable for carrying loads, i.e., !

50% more bolts are esed to secure the item of equipment than necessary
to meet the allowable ' loads. There should be at least 6 anchors l

securing the equipment; 4 assumed to be' carrying'the' load and 2 not.
{
!

C.2.ll Shear-Tension Interaction
-

I
!

When expansion anchors 3re subjected to simultaneous shear.and tension, one
;

of the following shear-tension interaction formulations should be used.
;

The linear formulation is conservative. The bi-linear formulation is more ;

realistic. Figure C.2-4 illustrates these formulations. !
1

,1

Linear Formulation (conservative) j
.

i

s 1.0+

Y P, yall
,

o

h

5

.

4

-O C.2-25V :
,

'

;

e

!

!
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:

Bilinear Formulation (more realistic)*

!
;

P V i

s 1.0 for s 0.3 !,

P Vau an j

i

1

P '' V V ',s 1.0 .for 0.3 < s.l.0O.7 +

P,n - V,n V,ji

j

|
1

Applied pullout loads due to'' earthquake plus dead )Where: P -

loads. 1
. q

V Applied shear loads due to earthquake plus dead loads. ~,-

P,n Allowable pullout capacity load for the anchor.=

V,n Allowable shear capecity 1oad for the ~ anchor.

e|
-

:

1

6

4

9

4

i

$

1
'

|

1

d

j

.|
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C.3- Cast-In-Place Bolts and Headed Studs Revision 2
.

C.3- CAST-IN PLACE BOLTS AND HEADED STUDS

.

'The topics covered in this.section'of_ the appendix for cast-in-place bolts
and headed studs are as follows. The number of each.of these topics - r

corresponds to the' subsection number.

C.3.1 Nominal Allowable Capacities-
C.3.2 Embedment Check '

:

C.3.3 . Spacing Check

C.3.4 -Edge Distance Check - i

C.3.5 Concrete-Strength Check !
'

C.3.6 Check for Concrete Cracks.
q

C.3.7 Shear Tension Interaction '

> -

,

The specific chect 4 2cribed in this section^should be performed in
conjunction with the generic anchorage installation inspection checks- I

describe'd in Section 4.4.1 ISee Table 4-2 for the checks which are. '
;.

applicable for this anchor type.) '

k
The. nominal allowable capacities and capacity. reduction factors provided in-- - '

- this section should be used in tne anchorage _ capacity equations. giv'en'.in
! Section 4.4.2.

!

I

i f
r

i

a

-

: 1

(
j.,

|.

! (~l C.3-1
,v ,.

,
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C.3L Cast-In-Place Bolts and Headed Studs Revision 2

i,

ei'

C.3.1 Nominal- Allowable Capacities- i

The nominal allowable load capacities which can be used.for cast-in-place' p

bolts and headed studs are listed in Table- C.3-12 below.-- .

Table C.3-1
,

.

- NOMINAL ALLOWABLE CAPACITIES'FOR '

' CAST-IN-PLACEBOLTSANDH(ADEDSTUDS(f', 2 3500. psi)
o

.

Bolt / Stud Pullout Shear Minimum Minimug Min. Edg
Diameter Capacity Capacity' Embedment Spacing Distance,ez.

-
-

(D. in.) '(P__. kio) (V . kio) h . i n . ) 4,7,. in.): |4,g.in.-):_

3/8 3.74 1.87 '3-3/4 4-3/4 3-3/C :
1/2 6.66 3.33 5 6-1/4 '4-3/8 ;

5/8 10.44 5.22 6-1/4 7-7/8 5-1/s
3/4- 15.03 7.51 7-1/2J -. 9 - 1/2 - |6-5/8

'7/8 20.44 10.22 8 3/4 11 7-3/4-
1 26.69 13.35 10_ 12-5/83 .8-3/4-

1-1/8 33.80 16.90 11-_1/4 14-1/41 9-7/8?
l-1/4 41.72 20.861 .12-1/2 15-3/4' 11

1-3/8 50.40 25.25 13-3/4- '17-3/8L .12-1/8

,

1 The pullout and shear capacities shown here.are for ASTM A-307 or
equivalent strength bolts installed in-sound,- uncracked: concrete

. 3(i.e., no cracks passing through;the anchor bolt' installation) with a '

compressive strength of 3500 psi or' greater. .For bolt. capacities in-
lower. strength' concrete see Section C.3.5. For bolt capacities in =
cracked concrete see Section C.3.6.

2 See Figure C.3-1 for definition of embedment length-(L). Smaller
embedments than the minimum given here can.be used'with the reduction-
factor given in Section C13.2.

,

1
3 Minimum spacings and edge distances are measured from bolt center to

bolt center. Spacings and edge distances less than the minimums given.
here can be used with the reduction factors given in Sections C.3.3 i
and C.3.4.

C.3-2
.

.
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C.3. Cost-In-Place Bolts and HeadedLStuds Revision 2.
.,

O h['.
~ , .

t

fC.3.2 -Embedment Check

. -
. . ":1The nominal' pullout and- shear capacities (P ,, V,)' given in; Table C.3-1n

are based on the assumption that the embedment length?is sufficiently long ;

to preclude failure in the4 concrete. The minimum cmbedments,(L,,n):given !

y in Table C 3-1 are _equaltto 10 times the bolt. diameter (D). ~ Figure C.3-1- 'i
show the embedment length _~ (L) .for a cast;in-place' bolt and a- headed stud, l

>

The embedment length.should be verified by consulting existing drawings to:
ensure that the actual embedment length (L)?is more than the minimum i

( L,in) . If the constructica drawings are.not available, ultrasonic means
or other appropriate methods'may be ur :o. verify-the_ actual embedments;

3
-

If the embedment length (L) is less than-.the minimum value-(L,,n) given'in
Table C.3-1, then a pullout -capacity reduction . factor (RL;)iand. a. shear' a
capacity reductica factor (RL,)_ should be multiplied by the' nominal pullout ')
and shear capacities (P ,,. V ,) given in Table C.3-1 to obtain the In n

allowable pullout and shear capacities . (P,3,, V,3i) as- follows:- i

s

P,ii P ,RL,-
n

V, n V, RL;. Ej
-

>

Where: P, n Allowable pullout capacity of anchor.-= '

P, Nominal pullout capacity of anchor: from=
n

Table C.3-1
,

V, n Allowable shear capacity of. anchor.=

V, Nominal shear' capacity of anchor from=
n

Table C.3-1

RL, Pullout capacity reduction factor for
cast-in-place anchers. with shallow.embedment

.

C.3-3

,
,

'

.
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C.3 Cast-In-Place Bolts and ' Headed Studs ~ Revision 2 ]
.

e.

RL, - Shear capacity reduction factor for. cast-in-
j

place anchors with shallow embedment
1

1.0' for L: 2 10D i=

n
j

(L:+ 0)L ,.= - for 4D < L' < 10D . 1

(lmin + D) L,,n . 1and L > 311nches.
.

;

Outlier for.L!<- Greater of: ^
-

~ D-or.4

3 inches <

t
C.3.3 Spacino Check

|

If the' spacing (S) between a cast-in-nlace anchor and another anchor is
'

less than the minimum 'value :(S,,,) given in Table C.3-l', then a rullout~-
~

,

capacity reduction factor '(RS ) and a shear capacity reduction factor- (RS,) . 3p

should be multiplied by the' nominal pullout and shear capacities-(P ,,
~

'

n

V ,) given in Table- C.3-1 to- obtain the' allowable pullout. and' shear '

n

capacities (P,ji, V,ii) as follows.

Note that a reduction factor should:be applied for a g h nearby: anchor, i

whether it is another cast-in-placie anchor or .a different type of anchor.-

For example, for 4 bolts in a'lir.., the' interior bolts would be subject to
2 reductions, while the exterior bolts would be ~ subject;to only 1;
reduction.

i,

P,ii P ,RS,=
n

V,ij V ,RS, ?=
n

s

a

C.3-4
.

-

'

'
.1

l

|
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C 3 . Cast-in-Place Bolts 'and Headed Studs- " Revision 2.

o

Gl
Where: Pg = Allowable pull'out ' capacity of. anchor:-

~
P,, = Nominal pullout capacity of- anchor. from j<

. Table C.3-1:
'

' ''

. V4 . A1.lowable shear capacity of anchor
-

V"" Nominal shear c' acity of anci - from -
Table C.3-1 - f'

=

i
.

.

l- RS Prliout-capacity reduction factor for closely; s-
P '": spaced cast-in-place | anchors:

1.0 for S 2 S,in_=

t

for S'<=S=
min,

A, , ,, =

1

i RS,' Shear capachy reduction factor for closelyJ
.

=

spaced cast-in olace anchors. '

1.0 for S 2 20-=

i
.

'

0.5 - for S <:20L=

. . i
5 Spacing from the bolt _ being evaluated to an'- i

,

adjacent: bolt measured center to center

; S,,n Minimum spacing to ~ develop: full pullout=

strength from Table-C.3-1

A,,,,= Nominal projected area of the_ nonoverlapping,,

shear cone of a single bolt _ located at the
minimum spacing distance (S,,,) from another
bolt. The values of A are given in Table:

_

<

nC.3-2 are about '13 perc,ent less- than the~ full-i

shear cone projected area.,

s

a
"
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O
Table . C.3;2

NONOVERLAPPING PROJECTED SHEAR CONE AREAS FOR
BOLTS MEETING MINIMUM SPACING REQUIREMENTS

Bolt Nonoverlapping.
Diameter'- ShearConegrea-(0,in.) ~ ( A;,,,, i n . )

13/8 41.9~

1/2 74.1

5/8 116.0

3/4 167.4:

7/8 228.2.
I 297.3

1-1/8 376.7

1-1/4 46'.1-
1-3/8 546.3

A . red = Reduced projected: area of the nonoverlapping~s

shear cone off a single, bolt . located ILu than;
the minimum-spacing-(Sco) from another bolt.
The values of A are calculated from theced.following equation:-

1 2 #r
r8 -- r S sin-- wr

2 2
y k 4

2L + 0r=
2

C.3-7

.
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'

, ,,

i- S
' )

2cos'# =
;

2L + D 4
. .

) f
.

'

S'' = - Actual spacing between bolt being evaluated '
-

and adjacent bolt measured center to center j
r

L Actual embedment-of bolt being evaluated 1 j

D ' Bolt diameter,-

C.3.4 Edae Distance Check ,

2
,

t

if the distance (E) from a cast-in-place! bolt or- a headed stud to.a free i

edge.of concreta is less-than 'the minimum value'(E ,),. givens.in Table.g

C.3-1, then a pullout apacity -reduction factor (RE,); and aishear capacity? !.

reduction factor (RE,)-should be multiplied.by-the nominal pullout-and
shear capacities (P,,, V,,), given'in Table C.3-1,. to .obta'n the allowable. {
pullout and shear capacities (P,n, V,n) as follows. A reduction factor [

.

should be applied for 93_ch nearby edge; e.g.' if an anchor is near a - l,

corner, then two reduction-factors apply.-

P - . P,g RE, 'eu

V,ji = V,, RE,

Where: P,n Allowable pullout capacity of anchor--

P ,, Nominal pullout. capacity of-anchor from:n
Table C.3-1-

'

Allowable shear capacity of anchorl', y -

u,, Nominal shear capacity of anchor from=

Table C.3-1,

!

|

C.3-8

!
-?

,
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'

0
.

R E' '. - Pullout 'apacity reduction factor for nearc.

edge cast-in-place bolts and-headed studs

=: 1.0- Lfor E 2 Ey,-(From Table C.3-1)

' * * "d
forLEQ,;>E2;4D

--=-

; A,,,, . ,

- 0.0: for E < 4D

RE,- - Shear capacity reductionL factor _ for near .
edge. cast-in-place bolts and headed' studs-

1.0- for E d'8.750-

= 0.0131
E

2: .for 8.75D > E-2 4D=
'

-

D
.

0.0 .for E < 4D I-

-A,,,,= Nominal project <. shear con ~e area'of.a bolt-
!which'is locate. adjacent: tota free concrete-
edge at the miri1 mum edge ~ distance given in

-

' Table C.3-1

= 0.96 *- (21. + 0)2
4

.

A.. ed - Reduced projected shear _ cone area;of 'a bolt
located at less than the minimum edge-

_

distance from a concrete edge

<

1 r e - 2r E sin #.2 e= wr _

2
'

2
..

.C.3-9

u
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.. -

>

2E .
8 .= 2cos 'i

2L + D
.

I

1

Ei. + D :
r =

~

2 )
:

o

.

. 1
E -- ' Actual distance' .from cen,erline' of bolt being':-

evaluatad-to edge

Actual ' embedmentElength' of bolt .being''L =

evaluated
'

D Bolt diameter .|=

:
;

C.3.5 Concrete Strenath Check-

If the . concrete compressive , strength (f',) is .less than 3500' psi,c then a
pullout capacity- reduction factor '.(RF,) and?a shear capacity reduction *

factor-(RF,) should be multiplied by-the nominal pullout' and shear.--

,

capacities .(P , V ,) given in Table C.3-1, to.obtain the allowablen n

pullout and shear capacities'(Fgi,V,3j)asfollows:
.

}
,

P,ij ' P , RF,=
n ,

V,ji . V , RF,=
n

Where:
q

P,ji Allowable pullout capacity 'of anchor-

3

P, Nominal' pullout. capacity of anchor :i
=

n
from Table C.3-1

Allowable shear capacity of anchor. !V,ii -

:

C.3-10
1

4

4

s
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~C.3 Cast-In-P1 ace Bolts-and Headed Studs: Revision 2
,

-.

V"" Nominal shear capacity of-anchor from=

Table C.3-1

RF, = RF, - Pullout and- shear capacity reduction factors
for cast-in-place bolts and headed-studs .in
low strength concrete

Ll '. 0 - for f',- p 3500 psi=
,

l'c for 3500 psi 2 f'* 2 2500: psi=

h >3500-

-Outlier- for f', .< 2500 psi=

LConcretecompressivestrength(psi)f', =

C.? O c. heck for Concrete Cracks-

If there are significantLstructural' cracks in the concrete'where the cast--
in-place bolts and headed ' studs are. installed, then a pullout capaci.ty
reduction factor (RC,)Jshould be ' multiplied by the nominal pullout capacity

(P ,) given in Table C.3-1 to obtain the allowable-pullout capacity (PW)n

as follows. The shear capacity of the cast-in-place boltsfand headed :t d
anchors is not significantly affected by cracks in.the concrete.

The pullout capacity reduction factor applies only to significant -
structural cracks which penetrate the-concrete mass and pass through the-
vicinity of the anchor installation.

Concrete with'surfaceL(craze) cracks.-
or shrinkage cracks which only' affect the-surface of the concrete should be
considered uncracked. It.may be necessary to exercise judgment to

,

C.3-11
'

i
1
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C.3 Cast-In-Place Bolts and Headed Studs' Revision:2- '

i

O':
establish whether cracks in the' vicinity of an~ anchor actually pass.'through' !

';the installation. Inspections for crack width' should- be- visual (i .e. ,
detailed measurement of crack: widths is not necessary).

.

Pah . = . P,, RC, . ,

Where: P, y - Allowable pullout capacity of. anchor ~

_

Nominal. pullout capacity of anchor _ from;P,, -- .

Table C.3-1
~

j

- RC' Pullout capacity reduction- fector for cast-in -=:
place anchorsLin cracked concrete

,

1.0 for no cracks and for CS <-= *

0.01 in. ' '-

s

1.08 - 8CS for.0.01 in, s_CS's'O.'06 in.=

,

Outlier for CS > 0.06 in.- -=

CS - Crack size'(approximate size' based on visual?
observation) ;

. >
mj

C.3.7 Shear-Tension ~1nteraction'.

9

For existing cast-in-place bol'ts subjected'to simultaneous shear and
;

tension, the. shear-tension' interaction depends on the-anticipated failure
mode. Figure C.3-2 presents the: interaction curves for cast-in-place bolts'

.
<

for failure in the bolt steel or failure-in the concrete-- Since the.- .

anchorage criteria-in ,this procedure (and- Reference 7) for cast-in-place
bolts and headed studs ensure-that failure does not occur in the concrete, I

it is recommended that the . interaction formulation for steel' failure be *

used. ' '

i

C.3-12
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:C.3 Cast-In-Place Bolts' and Headed Studs Revision 2

O- 8/T ClP .

1.1
-|: ^i
Failure in Steel

,|{Recbmm nded).
1

0.3 \|\ j,,,,,,siog,,tinc
-

/ P/ Pall = -0.9V/ Vail + 1.3
'

\0.7 i i NN # allure in
N ' Concrete,0.6 x pP

0
y \ j

Pall .5
0.4 ;

i
j- i yO ' 1 x0.3 -

:

j>
.O.2 - -a 1

1 1
I I0.1 "

j
-

0
0 0.10.20.30.40.5-0.6-0.710.80.9 .1- .1.1

-V/Vall
!

V/Vall 0.0 0.2 - 1/3 0.5 'O.7 'O.9 1.0

P/ Pall - Steel 1.0 1.0 : 1.0 .86'.67 .4 9. 0.4 . '

P/ Pall - Concrete 1.0 .96--'89. 79 .60 .31= 0.0'.

1

Figure C.3-2. Shear-Tension Interaction Limitations
for Cast-In-Place Bolts:-and
Headed Studs (Source: Reference 7)
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.C.4 Cast-In-Place J-Bolts - Revision 2'

>

C.4 CAST-IN-PLACE J-BOLTS
o

The term J-Bolt refers to a plain steel bar with a hook formed at the
embedded'end, and threaded at the other end. A typical 1J-bolt is-shown-in l

Figure C.4-1. The following topics are covered in this section of the, j

appendix The number of each of. these: topics corresponds to.the sub'section; 'i
number,

-

,

C.4.1 Nominal Allowable Capacities ;
,

t.

,

C.4.2 Embedment Check *

C 4.3 Spacing ~ Check

C.4.4 Edge Distance Check

C.4.5 Concrete Strength Check.-
'I

C.4.6 Check for. Concrete Cracks
. O

Q
. The specific checks described in this section srould be performed in

t-

.
. ;

'

conjunction with the generic anchorage installat|on inspection checks ?

'

described in Section 4.4.1. (See Table 4-2 for tt.e checks which.are 4

applicable for this anchor type.) N

h
The nominal allowable capacities and capacity'. reduction factors' provided in IL

this section should be used-in the anchorage capacity equations.given-in
Section 4.4.2. "

.. I
C.4.1 Nominal Allowable Capacities

,

The nominal allowable load capacities which can be used for cast-in-placei
J-bolts are listed in 7able C.4-i below. An embedded bar can be. considered
as a J-bolt only if it has a hook on the embedded end meeting the' minimum I

dimensions shown in Figure C.4-1.

C.4-1

,

i
'

- _ _ _ _ _ _ _ _ _ . -. - .. -. .- . . . -
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~ C.4 i ast-In~ Place J-Bolts ~~ Revision 2C
|

1
-

h 'j
,

i
D --* W . - - + - *--D '-

L

n 3-
! IT TI- II Tl-

.

-3 11 N. N ,\. N--N N N- N li x-N !
-

"'I%[@@ "hgeg3 ($fi* "

?

,

180' - Hook

L

3

v
_

4D

(2-1/2"' Min.) L e ',-

.

%
~ -

,,.

.. 1

90+ . Hook
Bend Radius
(Same as for 90* Hook) 1

| Bend Radius 1

3D for D s 1"
'

.

4D for 1" < D s 1-3/8"- :

; SD for D > l-3/8" )
' 4D;

L j. v.

I

L Figure C.4-1. Typical J-Bolt Installations 1
j (Source: Reference 7)

L C.4-2 -
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. C'.4 Cast-In-Place -J-Boltsc !<evision - 2

. Table C.4-1
:

NOMINAL ALLOWABLE CAPACITIES FOR -!
J-BOLTS CAST-IN-PLACE *,

'(f' 23500psif ;c

. .
t

Minimum
=Embedment

- 4 6. in.)
. Minimum Edge
.

Minimum' e

Bar Pullout Shear
Diameter' Capacity. Capacity. 180' 90* Spacing . . . Distancei ,(D. in.) En , (igl - H,w,. kio) Hook- Hook _A, gin.) - g in.'in.):

3/8 3.74- 1.87- 16 20-1/2- '1-1/8 3-3/8 g

1/2 6.66 3.33 21-1/4 27-1/4' 1 1/2 4-3/8'.
5/8 10.44 5.22: 26-5/8' 134-1/8 ' 'l-7/8 5-1/2 4

_. 3/4 15~.03 7.51'- 31'-7/8 40-7/8 2-1/4 -6-5/8-

7/8 20.44 10.22 37-1/4- '47-3/4 .2-5/8 7-3/4.
,

1 26.69 .13. 3 5 :~ 42-1/2L 54-1/2: 3-' =8-3/4
'

l-1/8 33.80 16.90 47-7/8 61-3/8; 3-3/8 9-7/8-
'

l-1/4= 41.72 20.86 53-'1/8 ; 68-1/8;- 3-3/4 11:
,

1-3/8 50.40 25.25 58-1/.2 75' 4-1/8; -12-1/8-
'

i

l

)

+

C.4-3

r
|k *

.
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<C[4 Cast-In-Place _ J-Bolts Revision 21 1
.

|

O
C.4.2 Embedment Check

The nominal pullout capacities (P,,).given in Table C.4-1 are. based on the j
assumption that'the embedded length is at least.as long as.the minimum-
embedment lengths (Lg,) given in- Table C.4-1.

Iftheembedmentlength}(L)islesst'hantheminimumvalue-(Lhn),thena
- pullout' capacity reduction. factor (RL,)_ should be multiplied by thel nominal-.

.

pullout capacity (P,,) to obtain the allowable; pullout ' capacity (Pjjj).> A
'

capacity reduction factor for-sheariis not neededJsince J-bolts develop (

their full shear strength even when the embedment' is'so small that th'e J =
- 1

bolt becomes an outlier due to insufficient embedment.for. pullout -(at L = j
160). *

P,y =' - P , RL,no

P,ii = Allowable pullout capacity of anchor.-

P,, = Nominal' pullout capacity of =anchorEfrom '

Table C.4-1-
,

'!
Where: RL, Pullout capacity. reduction factor for cast-in- i=

place J-bolts

1.0 for L:2 Lyn from Table C.4 'lJ |
=

!
.

L + 200
= "

62.5D '"
.

L + 80
for 90' hook when L'"'" > L 2 16D '=

'

62.5D

l.
'

,

Outlier when L < '160= *

r

[ C 4-4

,
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C.4- Cast-In-Place.J-Bolts: Revision 2L

:/

j
Actual embedment length (in.)

]
L. -

Rod diameter (in.)D =

|

C.4.3 -Soacina Check' !

|

The nominal shear capacities L(V ,): for J-bolts given in Table C.4-1 are- ]n

based on a minimum spacing of 3D, where D is the diameter of the J-bolt.
,

ifor spacings less than 3D, the J-bolt ~ is an outlier. '

C.4.4 Edae Distance Check

The minimum edge distances given in Table C.4-1 for-'J-bolts' are the same as .
~

those for cast-in-place bolts and headed' studs. :Likewise the capacity-
! reduction factors for J-bolts installed near an edge are also the same as- (

discussed in Section C.3.4 for cast-in-place bolts'and headed studs.-

C.4.5 Concrete Strenath Check ,

?

| If the concrete compressive strength -(f';)'is less' than 3500 psi, th99 a
~

pullout capacity reduction factor (RF,) and a shear capacity reductici
| factor (RF,) should be multiplied by. the. nominal pullout and: shear'

capacities (P ,, V ,). given in Table C.4-1, to obtain- the _ allowable-n n

pullout and shear capacities-(P,n, V,n) for J-bolts.

P, n PyRF,-
n

V, y V ,RF,=
n ,

L !

. <

k

C.4-5

_ .. .-. . _ .
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C.'4 ' Cast-In-Place IJoBolts - Revision 2

l

Where:

Pg = Allowable pullout capacity of anchor
|

P"" Nominal pullout' capacity of. anchor: !
--

from Table C.4-1: 1

Vm_= Allowable shear capacity of anchor- ]
1

' V"" -- ~ Nominal shear _ capacity of. anchor from
Table C.4-l'

RF' = RF, - Pullout _ and shear: capacity reduction ~ factors.
for J-boltsiin low" strength concrete'

~1.0' for f'i 2 3500 psi'-

N

f'e for 2500 psi s _ f'* < 3500 psi. - t-

h 3500
4

'f', Concretecompressivestrength(psi) I
=

C.4.6 Check for Concrete Cracks-

4

The areas adjacent to~J-bolt installations shou'ld be' inspected for-
significant structural cracks which penetrate'.the' concrete-mass.- Concrete- 1
with surface (craze) cracks' or shrinkage cracks which only affect the- '

surface of the concrete should be considered uncracked; Inspections'for-- ;
crack width should be visual ~ (i.e., detailed measurement of crack widths' is '

not necessary). J bolts should be clas:ified as'' outliers when either of
the following two crack sizes are exceeded:

(

When cracks are larger.than about 0.02 inch wide and traverse throuah'.

the J-bolt installation, or-

When cracks are larger than about 0.05 inches wide and exist'nearothe--

J-bolt installatiqn.
I

C.4-6

. . .- : -

;
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.C.4: Cast-In-Place J-Bolts; Revision:2
a

'

,

' r

!
.

. r

C.4.7: Shear-Tension -~ Interaction -

It is-left- to the user to select an' appropriate shear-tension;. interaction.

l
~

formulation for'use with J-bolts when both tension and shear loads arei '

.significant.
,

t

e

t

1

LO
.

h

|

|

.

4

d

-1

e
*

.

*
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,

t

C.5 ' GROUTED-IN-Pl. ACE BOLTS

The topics covered in this section of' the ' appendix for grouted-in-place <

bolts are as follows. The number of.each of these_ topicst corresponds; to
the subsection number. '

lC.5.1 Nominal Allowable! Capacities '

C.5.2 Embedment, Spacing, and Edge Distance. Checks.

C.S.3 Concrete Strength Check-and Cracks'in Concrete

C.S.4 Shear-Tension Interaction-

i

The specific checks-described in this- section should be performed inF
conjunction with the generic anchorage _-installation inspection checks

,

described ~in Section 4.4.1. (See Table 4-2 for the checks which are' !
- applicable for this anchor type.)

The nominal allowable capacities and. capacity reduction. factors provided in
thissection.shouldbeusedintheanchorage' capacity.equationsfgivenLin-
Section 4.4.2.

,

C.5.1 Nominal Allowable CaDacitiesi '

! Lj

l- The nominal allowable pullout and shear capacities which can be used for l

grouted-in-place bolts are listed in Table C.5-1 below. Note that the
:

values'in this table are identical to those in Table C.3-1 for cast-in-
place bolts and headed studs except that the pullout capacities- (P ,) 'are.

no

reduced by a factor of-10. This was done since the pullout capacity of'

| grouted-in-place bolts is significantly'affected by the method of
installation. Since documentation of the method used to install grouted-
in-place bolts often is n. . available, the pullout capacities given in the l

,

table below are reduced significantly. .
,

C . 5 -'1

.,

.

!
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C.5 Groutsd-In-Place Bolts; Revision'2'
'

:However,. if the' bolts were installed using. effective? installation j
procedures 'similarito those fin Reference 28,:then~ the. pullout capacitiesf of-
this grouted-in-place bolts may be:taken to be the'same as for cast-in - Y

. place bolts -(i.e., use ;the capacities ~ giveniin Table C.3-1). .Some of 'the. j
installation techniques used in' Reference 28' include such things'as [
thorough cleansing of the concrete hole, acid etching of the concrete 2 hole 'l

to roughen the surfaces, and use of grout which expands while iCis cuHng,-

Table C.5-1:
,

NOMINAL ALLOWABLE CAPACITIES FOR

. GROUTED-IN-PLACEBqLTS. ,

(ff, 2 3500 psi) 'l

Bolt / Stud- Pullout Shear Minimum Minimump M n. Edgyi
2 3. Diameter Capacity Capacity- Embedment . Spacing . Distance '

(D.- in.) R,m, . kio) (V . kio) 4,,.in.) Q,;.in.)14g,.in.) j
,

.-
.

.
- !

3/8 0.37 1.87 3-3/4- 4-3/4 ..3-3/8 _ 4

1/2 0.67 3.33 5- 6-1/4 4-3/8
5/8 1.04 5.22 6-1/4~ '7-7/8; .5-1/2L
3/4 1.50 7.51- 7-1/2 9-1/2 ~6-5/8-z

7/8 2.04 10.22 8-3/4 11 7-3/.41
1 2.67 13.35 10 12-5/8 8-3/4 a

1-1/8 3.38 16.90 11-1/4 _14-1/4; 9-7/81
[ 1-1/4 4.17 20.86- 12-1/2- __1 5-3/41 11-
|-

.. 1
| l-3/8 5.04 25.25_ 13-3/4- 17-3/8 12-1/8- ;

i

1 The pullout and shear capacities shown here are for ASTM A-307 =or equivalent strength' bolts i

installed in sound. uncracked concrete (f.e.. no cracks passing through the anchor bolt
installation) with a compressive strength of 3500 psi or greater. For bolt capacities in lower
strength concrete see Section C.3.5. For bolt capacities in cracked concrete.see Section C 3.6.

2 The pullout capacities (P
knowingwhethersuchpracNe)swereused);are based on not!having used special installation practices (or notf

However. if installation procedures similar to those
in Reference 18 were used. then the pullout capacities for cast-in-place bolts (Table C 3-1) can
be used in place of the values in this table.

3 See Figure C.3-1 for definition of embednent length (L). Smallerfembechents than the minimum
given here can be used with the reduction-factor given in Section C.3.2.

|

4 Minimum spacings and edge distances are measured from bolt center to bolt center. Spacings and
edge distances less than the minimums given here can be used with the reduction factors given in
Sections C." and C.3.4.

||
C.5-2

1
1
|
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1 C.5 Grouted-In-P1 ace Bolts ' Revision 2
'

*

| .t

_C.5.2 Embedment. Soacina, and Edae Distance Checks
i

For grouted-in-place bolts having _ embedments, spacings', ' nd/or edge-a

distances which are less' than the minimum ~ values given-ir Table C.5-1, the
capacity reduction factors given in-Sections C.3.2, C.3.3, and C.3.4 forf
cast-in-place bolts may'be used to reduce -the" nominal pullout and_ shear-.
capacities given in Table C.5-1. ' '

C.5.3 Checks;for Concrete Strenath and C' racks in Concrete
. .|

-When grouted-in-place bolts are installed-in concrete 1which has at
1

compressive strength of f', s 3500 psi, the capacity: reduction factors
given~in Section. C.3.5 for cast-in-place bolts;may be'used to reduce the i

nominal pullout and. shear capacities-given in Table C.5-1.-
~

If there are-significant structural cracks in the concrete where-the-
grouted-in-place _ bolts are installed,' then~-the pullout'. capacity reduction?

~

factors given in Section C.3.6 for. cast-_in-place bolts may be used to
reduce the nominal pullout capacities given in Table C.5-1.-

\
C.5.4 Shear-Tension Interaction :I

t

For grouted-in-place bolts subjected to simultaneous shear and; tension, the
guidelines given in Section C.3.7 for cast-in-place bolts'may be _used to. !

compare the allowable loads to the applied loads..
s

j

|

C.5-3
~

,
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:C.61 Welds to Embedded or Exposed. Steel. ' Revision 2
.;

.

C.6 WELDS TO EMBEDDED OR EXPOSED. STEEL

=|
.. 1

Equipment. at nuclear plants _'are often anchnred by welds' to steel' platesf or' L
-

channels which are embedded in u ncrete (see Figure C.3-lb).L The strength 1
'

of such an anchorage' depends on the. weld of the. equipment to the steel and
the. shear and pullout resistance of the headed stud that anchors' the steel j

into the concrete. The1following topics are covered in this section of the!
appendix. The number of each of these topi_cs corresponds to the subsection 3

'

number. t

:

C.6.1 ' Allowable Loads for' Typical' Welds

C.6.2 . Summary of Equivalent Weld Sizes' (

C.6.3 Wel'd Check

C.6.4 Shear-Tension Interaction for: Welds

C.6.5 Embedded or Exposed Steel Check.- |O 4

The specific checks described in thisisectibn'should be performed'ini [
conjunction with- the generic- anchorage installation inspection checks j
described in Section 4.4.1. (See Table 4-2 for the checks'which are !
applicable for welds.)

!

k
C.6.1 Allowable loads for Tvoical Welds *

L

The allowable loads for typical welds made with'E60 electrodes are listed N.

in Table C.6-1 below. These allowable loads are based |on a weld stress
< -' allowable of 30,600 psi.
I

e

i

O c '-'

,

.i
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C.6 Welds to Embedded or Ekposed' steel: Revision 2

e1
Table; C.6-li j

,

ALLOWABLE CAPACITIES FOR TYPICAL' WELDS-
(E60 Electrodes)-

Weld-Sizes - Throat Area , Allowable '

t L- . (A-.7p)7tL) ( ki o"s'i '
F-

(in.
LinJ. (in.)

1/8 1/2 0.0442 -'1'35 - I.

1/8 3/4- '0.0663' 2.03
],

1/8 1 0.0884 - 2.70
.

3/16 1/4 0.0331 1. 01 - ~-

3/16 1/2- .0.0663
'

2.03.
3/16 3/4 0.0994 - 3 '. 04 .

''

3/16 1 0.1326 4.06 '

'l/4 1/4 0.0442 1 35.

.1/4 1/2 0.0884 =2.70

1/4 '3/4 0.1326' | 4.06' '

1/4 1 0.1768: 5.41L

L

Thickness of. the weld 1'eg
~

Where: t -

r

L Length of theLweld:=
,

|
'

Cross-sectional area ihrough the' throat of.the:~A =

weld
,

'

0.707tl=

F, Allowable load capacity of weld=

,

v

C.6-2
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< C.6J Welds to Embedded or' Exposed Steel ' Revision 2-
|

0
C.6.3 --Weld Check-

The welds _used for= anchoring' equipment to embedded or exposed; steel-should

be-inspected in the following areas:-

'

. . Determine the overall-length (L): and thickness-(t) of'the welds : The'-.-

weld thickness should be limited to the thinnest part of either the-
weld itself or the connecting part.'-

Check for weld ' burn-through _ on cabinets'made .of thin ' material'. ..
. ,

Check for weld quality,- pa'rticularly in puddle welds which carry 'h'igh - j'
.

| tension loads ~. '

:

1
C.6.4 Shear-Tension Interaction-for Welds:

.J

When welds are subjected to simultaneous shear and tension, the' allowable' l
loads can be compared to the-appliedLloads. using the following' shear- 3)-

O tension interaction formulation-d
'

j
, ,2 't o-

P V |s' l-- + -

" "( I. . .

i

Where: P Pullout _(tensile) load ' applied to weld- '=

V Shear 1oad. applied to weld=

F, Allowable load for weld'(from Table L 6-1)-
~

=

I
|-
1

I 4

C.6-4

,

J'
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C.6 Welds- to Embe'dded or; Exposed Steel: Revision |2;,

,

i
-

9
C.6.2 - Summary of- Eauivalent Weld Sizes 1 I

J

A summary of'equivclent weld sizes which.have the same capacityLas other ')
. types of. fasteners is'shown in Table C.6-2 below? '.1

; l
L. Table C.6-2c,

SUMMARY'0F-EQOIVALENTWELDSIZES |
'

.}
,

'

s
Welds- - Eauivalent Bolt Diameter (D. in.)

,

,

Typical Size-
Throat"2)rea -', Expansion' | Cast-i n- Pl' ace - :A.

(L x t.'in.) (in. _ . Anchor Bolts- Anchor Bolts- 4

1/2 x 1/8 0.0442 3/8'
'

54
--~'

1 x 1/8 -0.0884' _1/2 - '-- '
-

.

I x 3/16' O.1326' .3/4J 3/8- t}
1~x 1/4 10.1768 '3/4- 3/8 !.

2 x 3/16 0.2651' ;
1/2 '4:

2 x 1/4 .0.3535 1 5/8 o
2 x 3/8 0.5305

-

- -; 3/4- '

.

C.6.3 Weld Check,

4

'

8
.,

'

'\

The welds used for anchoring. equipment to. embedded.or? exposedisteel should
be inspected in the following areas-

-!

n
Determine the overall' length (L) and thickness'(t) of!the. welds. .The

.

.

weld thickness should be limited to the thinnest part of. either the- 'I
-

weld'itself or the connecting part.
.

.

. hCheck for weld ~ burn-through oa cabinets made of thin material.
?

; .

. ;e

Check for weld quality, particularly in puddle welds 'which carry high. .

tension loads.
1.

C.6-3 j

a.

1

i
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C.6 Welds to Embedded or xposed Steel Revision 2

C.6.4 Shear-Tension Interaction for Welds ,

i
'

When welds are subjected to simultaneous shear and tension, the allowable

loads can be compared to the applied loads using the following shear- |
tension interaction formulation:

,

,

P 1 P 1

P V tg,4 ;+._ .

,

F, F, j
, , , , ,

!

!

Pullout (tensile) load applied to weld !Where: P =

'' Shear load applied to weld, =
,

!
F, Allowable load for weld (from Table C.6-1): i

=

O !.
'

C.6.5 Embedded or Exposed Steel Check

f
P

The embedded steel or the exposed steel to which the equipment is anchored

by the wcld should be evaluated to determine whether it has the capacity to I
carry the loads applied to it.

!
!

!

The AISC, Part 2, allowable stresses may be used for. evaluating the
adeauacy of exposed steel and the structural members of an embedded steel- f
assembly. The guidelines given in Section C.3 of this appendix can be used !

'

for evaluating the cast in-place bolts and headed studs which are a part of |.

the embedded steel assembly.
j
;

i

:

-

.

O C.6-4 ^

,

i

:
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Q )C.6 Welds to Embedded or Exposed Steel Revision 2 ja

O !
C.6.4 Shear-Tension Interaction 'or Welds

|

When velds are subjected to simultaneous shear and tension, the allowable i

loads can be compared to the applied loads using the following shear- |

tension interaction formulation.
;

,

|
. . ,

P V,. .
'

51+- -

F, F,
, . . .

Where: P Pullout (tensile) load applied to weld=

V Shear load applied to weld=

F, Allowable load for weld (from Table C.6-1)=

O
C.6.5 Embedded or Excosed Steel Check

;

The embedded steel or the exposed steel-to which the equipment is anchored
'

; by the weld shesid be evaluated to' determine whether it has the capacity.ta
carry the leads applied to it, i

i

The AISC, Part 2, allowable stresses may be used for evaluating the
adequacy of exposed steel and the structural members of an embedded steel

assembly. The guidelines given in Section C.3 of this appendix can be used
for evaluating the cast-in-place bolts and headed studs which are a part of.
the embedded steel asrambly.

IO C.6-4 1d

. . . . .- w
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k Appendix D |

SEISMIC INTERACTION
,

!

D.1 INTRODUCTION !
!

!

The purpose of this appendix is to describe seismic interaction and how it
can be evaluated for safe shutdown equipment.

j

Seismic interaction is the physical interaction of any structures, piping,.
|

or equipment with a nearby item of safe .hr+down equipment caused by.
relative motions from an earthquake. An. Inspection .should be performed in
the area adjacent to and surrounding all safe shutdown equipment to
identify any seismic. interaction condition which~could adversely affect the
capability of the safe shutdown equipment to perform its' intended safe [
shutdown function. .

,

!

The three seismic interaction effects.which are included within the scope |
of this procedure are-

,

Proximity
!

.

Structural failure and falling.

Flexibility of attached lines and cables '
.

i

These areas are described below.
|

There are other areas of seismic interaction which can occur in a nuclear }
plant but are not included within the scope of this procedure. These areas

' are:
l'
!

f;
L Effects of fire.

Floodn.g or exposure to fluids from ruptured vessels and piping !
e

systems

(^); :
o-2

t

!
..

'

_ _ . _ _ . . - . . _ _ _. _ _. - - - . . . _ _ . . __



. .. -. . . . . - . . . - . - - . _- . . -. . . .. _ . .

|

1

Revision 2 |
I

.

Failure of distribution lines (pipes, cables, etc.) due to large.

relative motion between different building structures. (Note: 1

Flaxibility between the safe shutdown equipment and building' !

structures is covered by this procedure.)

! The remainder of this appendix describes the three seismic interaction I

effects covered by this procedure and how they can be evaluated for safe
,

shutdown equipment. Note that the SQUG training course includes many
examples covering this seismic interaction issue. !

!

D.2 PROXIMITY

Seismic proximity interaction is the impact of adjacent equipment or j
'

structures on safe shutdown equipment due to their relative motion during
seismic excitation. This relative motion can be the result of the
vibration and movement of the safe shutdown equioment itself or any ,

adjacent equipment or structures. When sufficient anchorage, bracing, or |

other means are provided to preclude large deflections, . seismic proximity |
effects are not typically a concern.

Even if there is impact between adjacent equipment or structures, there may
j not be any significant damage to the safe shutdown equipment. In such
| cases, this seismic interaction would not be considered a reason for -[

concern, provided the equipment can still accomplish its intended safe

shutdown function. One exception to this is electrical _ cabinets containing
relays which are required for a safe shutdown function. Since releys are
susceptible to chatter, any impact on an electrical cabinet which has such
a relar in it shovid be considered an unacceptable seismic interaction and

.

cause for identifying that electrical cabinet as an outlier.
P

5

:

, - , ,_ w - ,--w... -. , r y ,e., &
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D.2.1 Picino. Raceways. and Ductwork Deflections

;

The motion of piping, conduit, cable raceways, and other distribution lines l

may result in impact interactions with safe sh0tdown equipment. Non-
;

safety-related piping is commonly supported with rod hangers or other forms j'

of flexible dead load support, with little or no lateral restraint. Where
adequate c13arante with safe shutdown equipment is not provided, potential
impact interaction may result. The integrity of the piping is typically ;

not a concern. (Threaded fittings, cast iron. pipes and fittings, and i

victaulic couplings may be exceptions where large anchor movement is |

possible.) In general, impacts between distribution systems-(piping,
conduit, ducts, raceways) and safe shutdown equipment of comparable size |
are not a cause for concern; the potential for large relative motions

3

between dissimilar size systems should be carefully evaluated to assure
|that a large system cannot carry away a' smaller one.

Judgment should be exercistd by the Seismic Capability Ei ineers in
estimating potential motions of distribution systems in proximity to the- !

safe shutdown equipment under evaluation. For screening purposes, a ;

clearance of 2 inches for relatively rigid cable tray and conduit raceway :

systems and 6 inches for relatively flexible systems would normally be -|
adequate to prevent impacts, subject to the judgment of the Seismic
Capability Engineers.

!

Where potential interaction may involve systems with significant thermal
movements during plant normal operating conditions, the thermal

displacements should be evaluated along with those resulting from seismic i

deflectior.s. Inter-equipment displacement limits may be developed from the

| applicable floor response spectra to assist in this effort..

| !

|
'

|- !
.

!

,

1
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D.t.2 Mechanical and Electrical Eauioment Deflections

Inadequately anchored or inadequately braced mechanical and electrical |,

equipment such as pumps, valves, vessels, cabinets, and switchgear may I

deflect or overturn during seismic loadings resulting in impact with nearby ),

'

diameter aspect ratios, can deflect and impact nearby equipment.
' )safe shutcown equipment. Certain items, such as tanks with high height-to-

|

Electrical cabinets in proximity to each other may pound against each |
other.

The Seismic Capability Engineers should use judgment in such cases to-
Ievaluate the potential displacements and their potential effect on nearby

safe shutdown equipment. Cabinets with essential relays warrant special ;

concern as described above.
.

D.3 STRUCTURAL FAILURE AND FALLING '

Safe shutdown equipment can be damaged and unable to accomplish its safe
'

shutdown function due to impact caused by failure of overhead or adjacent
,

equipment, systems, or structures. (This interaction hazard is commonly-
.

referred to as a Category 11 over Category I concern.) This seismic-
interaction effect can occur from nearby or overhead: (1) mechanical and
electrical equipment; (2) piping, raceway, and HVAC systems; (3)
architectural features; and (4) operations, maintenance, and safety |

equipment. The seismic interaction effects which are of concern for these
types of equipment, systems, and structures are described below. It is the

'

intent of this evaluation that realistic hazards be identified'and
corrected; failure of_ non-seismic equipment-and systems located over safe f
shutdown equipment should not be arbitrarily assumed. The judgment of the '

Seismic Capability Engineers should be used to differentiate between likely:
and unlikely interaction hazards. - i

r

!
'

D-4

;

4

'
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!
I D.3.1 Mechanical and Electrical Eouinment

i .

Equipment such as tanks, heat exchangers, and electrical cabinets that are
inadequately anchored or inadequately braced have historically overturned !

and/or slid due to earthquake excitation. In some cases this has resulted
in damage to nearby equipment or systems.

D.3.2 Pinino. Raceways. and HVAC Systems |
i

'

Falling of non-seismically designed piping, raceways, and HVAC systems have |
been observed in very limited numbers during earthquakes due to unique

!,

circumstances. Most commonly reported are falling of inadequately secured |
louvers and diffusers on lightweight HVAC ducting. . Damage to piping
systems is less common and usually is limited to component failures which. j
have rarely compromised system structural integrity. Typical damage is ;

attributed to differential motions of systems resulting from movement of'
'

unanchored equipment, attachment of systems between buildings, or extremely
|

flexible long runs of unrestrained piping. Very long runs of raceway
.|

i

systems pose a potential falling hazard when the runs are resting on, but i

not attached to, cantilever supports.
;

D.3.3 Architectural Features I

.

|
!

A' .:hitectural features include such items as ceilings, light fixtures',
,

platform grating, unreinforced masonry walls, and non-Seismic Category I
{structures. The seismic interaction effects for these are described below: i

I

Ceilinos. T-bar suspended tiles, recessed fixtures, and sheet rock
.

.

are used in some plant areas (such as the control room). Seismic. '

capabilities of .ttese ceilings may be low. The Seismic Capability
Engineers should cc ick for details that are known to lead to failure jsuch as open hooks, no lateral wire bracing, etc.

.

!
:

1 ( D-5

u
1

. -. -- ._ . _ . . . ~ . - - -. - - - - - -- -- -



_ _ . _ _ - ., - -- -- --. .- .

|
i

.'Revision 2

Liaht Fixtures. Normal and emergency light fixtures are used.

throughout the plant. Fixture designs and anchorage details vary
widely. . Light fixtures may possess a wide range of seismic- ;

capabilities. Pendant-hung fluorescent fixtures and tubes pose the ;

highest risk of failure and damage to sensitive equipment. The !
Seismic Capability '.ngineers should check for positive anchorage, such '

as closed hooks and properly twisted wires. Typically this problem is
i

not caused by lack of strength; it is usually due to poor connections. ;

Emergency lighting units and batteries can fall and damage safe' ;

shutdown equipment due to impact or spillage of acid.
,

Platform Gratinas. Unrestrained platform gratings and similar I.

persoanel access provisions may pose hazards to impact-sensitive safe !

shutdown equipment or components mounted on them. Some reasonable |po',itive attachment is necessary, if the item can. fall. !,

Unreinforced Masonry Walls. Unreinforced, masonry block walls should.

be evaluated for possible. failure and potential seismic interaction
with safe shutdown equipment unless the wall has been seismically
qualified as part of the IE Bulletin 80-11 program. The Scismic
Capability Engineers should review.the documentation for IE Bulletin
80-11 masonry walls to determine which walls have and which walls have
not been seismically qualified during that program.-

Non-Seismic Cateaory I Structures, if any safe shutdown equip:nent is.

located in non Seismic Class I structures, then potential structural
vulnerabilities of the building should be identified; however, nuclear i

plant structures (including non-seismic structures) are typically
seismically adequate.

.

D.3.4 Operations. Maintenance. and Safety Eauioment
n

|
*

Nuclear plant oprations and maintenance require speciali79d equipment,
_

some of which may be permanently located or stored in locations near safety
systems.

Some operations, maintenance, and safety equipment is designed so that it
;

may be easily relocated by plant personnel. Where equipment design or
plant operating procedures do not consider anchorage for permanently

;

,

D-6

.
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!

located equipment, this equipment may slide, fall, overturn, or impact with |
safe shutdown equipment. Typically such equioment include:

i

Cabinets and Lockers. Inadequately restrained floor 'and wall-mounted i.

filing cabinets and equipmen', storage lockers may result in i
overturning or. falling and irmact. i

Gas Storace Bottles; Unrestrained or inadequately restrained gas !.- .

bottles may result in overturning and rolling and cause impact. !

Refuelina Eauinment. Refueling equipment such as lifting _ equipment I.

and servicing and refueling tools may be stored in proximity to safe ;
shutdown equipment. Inadequately restrained equipment may pose jhazards.

Monorails. Hoists and Cranes. Monorails and service cranes are !.

permanently located over heavy equipment requiring movement for- !service. Falling of service crane appurter.ances such as tool. and. !
equipment boxes may result from inadequate component anchorage.- They

.

should be restrained from falling. Judgment by the Seismic Capability :
'

Engineers should be used to assess the potential for and consequences ;

of such equipment falling.

Radiation Shields. Fire Protection and Miscellaneous Eauioment..

Temporary and permanent radiation shielding may pose hazards, f
'

Miscellaneous maintenance tools, such as chains and. dollies, test
i

equipment, and fire protection equipment such as fire extinguishers i
and hose reels may fall if inadequately restrained. Equipment carts -!
may roll into safe shutdown equipment. |

D.4 FLEXIBILITY OF ATTACHED LINES
,

;

Distribution lines, such as small bore piping, tubing, conduit, or cable,
which are connected to safe shutdown equipment can potentially fail if

;

there is insufficient flexibility to accommodate relative motion between i

the safe shutdown equipment and the adjacent equipment or' structures.

fStraight, in-line connections in particular are prone to failure. The,

| scope of review of such lines extends from the item of equipment'being

{!| evaluated to the first support of the attached lines.

'!
i

!

|
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0.5 EVALUATION OF INTERACTION EFFECTS-

The Seismic Capability Engineers should identify and evaluate all credible
and significant interactions in the immediate vicinity of the safe shutdown
equipment. Evaluation of interaction effects should consider detrimental
effects on the capability of equipment and systems to function, taking'into
account equipment attributes such as mass, size, support configuration, and
material hardness in conjunction with _the physical relationships of
interacting equipment', systems, and structures. In the evaluation of
proximity effects and overhead or adjacent _ equipment failure and-

interactions, the effects of intervening structures and equipment which
would preclude impact should be considered.

Damage from interaction in earthquakes'is from unusual circumstances or

from generic, simple details such as open hooks on suspended lights. 'The
Seismic Capability Engineers should spend most of their time looking for:
1) unusual -impact situations, and 2) lack of proper anchorage or bracing,-
and not be concerned much with piping and other system or structural
component failures,

i

The effects of fire, flooding or exposure to fluids from ruptured vessels
and piping and the seismic interaction effects on instrument air lines and
electrical and instrumentation cabling beyend the first anchor point are
out of the scope of USl A-46. Individual. utilities may add these to the
scope of 'their review as an option if they desire,

3
0.6 SUMMARY OF INTERACTION EXAMPLES

This section briefly summarizes examples of possible seismic interaction
effects. Some of the following effects may not have occurred in,

earthquakes, but they are included for completeness,

o* O
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. l Unreinforced masonry walls adjacent to equipment may spall or fril and.
' L impact equipment or r equipment. The wall- doesnot have to be evalu. cause loss of support o

'

ated if it has already oeen addressed as part of -

an IE Bulletin 80 11 program.
.

Emergency lighting units and batteries used for emergency lighting can !
.

fall or overturn and. damage equipment by impact or spilling of acid. !

Fire extinguishers may fall and impact or roll into equipment. $.

Intercom speakers can fall and impact equipment. !.

Equipment carts, dollies, chains, air bottles, welding equipnent, h.

etc., may roll into, slide, overturn, or otherwise impact equipment. - !

:Piping, cable trays, conduit, and HVAC may deflect and impact.

equipment.,

Cable trays, conduit systems, and HVAC systems, including HVAC louvers.

and diffusers, may fall and impact equipment.

Structures or structural elements inay deform or fall and impact i.

equipment.

Anchor movement may cause breaks in piping, cable trays, conduit.

| HVAC, etc. which may fall or deflect and impact adjacent equipment,
,

:

| Mechanical piping couplings can fail and lead to pipe deflection or i
.

falling and impact on equipment.
.

Electrical cabinets that deflect and impact walls, structural members,.

another cabinet, etc., may damage devices in the cabinet or cause
devices to trip or chatter. ~ !

i

Storage cabinets, office cabinets, files, bookcases, wall lockers, and.

medicine cabinets may fall or tip into equipment.

The doors on electrical cabinets may swing and impact devices or cause i
.

relays to chatter.
[

Inadequately anchored or braced equipment such as pumps, vessels, i

.

.

tanks, heat exchangers, cabinets, and switchgear may deflect or
overturn and impact equipment.

J

i

|

|

.-
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.

Architectural features such as suspended ceilings, ceiling components |h|.

such'as T-bars and acoustical panels, light fixtures, fluorescent
tubes, partition walls, and plate glass may deflect, overturn or break
and fall and-impact equipment.

Grating may slide or fall and impact equipment. -1
.

'
i

Sheetrock may fall and impact equipment if it was previously water- ?.

damaged or if there is severe distortion of the building, q

Unanchored room heaters, air conditioning units, sinks, and water '|.

fountains may fall or slide into equipment. '

,

I

i

!
!

9 ,:
;
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PREPARATORY WORK PRIOR TO WALKDOWN >
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Appendix E

PREPARATORY WORK PRIOR TO WALKDOWN
i
:

E.1 INTRODL'.CTION

!
Experience from the SQUG trial plant reviews has demonstrated that

preparatory work performed prior to conducting the plant screening'' *

I evaluations will Naximize the effectiveness of the walkdown. This appendix - |

describes these preparations.
j!

E.2 SYSTEMS ENGINEERING AND PLANT OPERATIONS .

1

Prior to the walkdown, the systems engineer (s) and plant operations
representative should review the plant design documents to familiarize
themselves with plant design features and, in particular, those associated
with the safe shutdown systems. Much of the required initial information
is contained in the FSAR. In addition, piping and-instrumentation diagrams
(P& ids), electrical one-line drawings, instrument block diagrams, operating ;

I
procedures, system descriptions, plant arrangement drawings, and selected )

topical reports and specifi;4tions should be used to identify the safe
shutdownequipment(Section3), i

Discussions with plant operations personnel are very helpful in identifying I

equipment within various safe shutdown trains. Systems engineers may wish
. to consider the inclusion of equipment which does not have seismic
1

qualification documentation, thereby upgrading its seismic qualification
sta',s. Industrial-grade equipment which has not been reviewed for seismic-
adeqJacy is typically as seismically rugged as equipment for which seismic

'

qualification data has been obtained. [

.

p

4
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1

i

Plant arrangement drawings should be marked with the location of each item

of equipment selected for review and provided to the Seismic Capability
Engineers who will be doing the seismic evaluation. In addition, the' Safe !

Shutdown Equipment Lists (SSELs), described in Section 3 and-Appendix A- I
which identify the candidate equipment to be seismically verified, should !
be completed, it is recommended they be entered into a personal computer
data base management program for use in preparing columns 1 - 6 of the SVDS !

shown in Section.4. !

:

1 i

E.3 PRE WALKC0WN PLANNING

!

The purpose of pre-walkdown planning is to organize the who, how, where,
and when associated with the plant walkdown. Judicious planning will
minimize the time spent in the field.by the Seismic Review Team (SRT).

The planning process should be performed with active participation from the
principal walkdown participants and the utility personnel with experience
in the configuration and operation of the plant under review. The

following organizations or individuals will typically be involved in the '

walkdown and hence should be part of the planning effort:- i

Utility manager in charge of the USI A-46 project effort
,

.-

Utility systems engineer (s).
!

Plant operations and/or radiation protection personnel.

Seismic Capability Engineers.
i

>

Advance planning on when to perform the walkdown is advisable. We'kdowns-
4

should not interfere with the normal operation of the plant. Seco. ,y , .

radiation level, operations, and maintenance considerations are necessary '

in deciding when each area of the plant can be visited. Some areas of the
plant are inaccessible during normal operation and can only be inspcted

i

durir.g outage periods. The Screening Verification and Data Sheets (SVDSs),
discussed in Section 4, can be organized by plant location and thereby used a

.

E-2
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as a checklist and itinerary for the walkdown. The itinerary, however,
should be flexible to allow the walkdown teams time to revisit certain I

areas or' alter their plans because of difficulties in determining seismic !
adequacy of particular types of equipment. It is also advisable to provide f
the walkdown teams with the itineraries.in advance so that they can review |
the items of equipment assigned prior to the walkdown. |

!

Advance planning and preparation are needed to gain access to operating :
plants, particularly if contractors are used to conduct the walkdown. The |

| SRT may be required to obtain security clearances, access badges, and |
radiation training. The walkdown participants may need to be accompanied j

by plant security and radiation protection' personnel; however, such

: accompaniment is costly (ties up personnel) and tends to interfere with |
normal plant operations and maintenance. It also increases.the nun.ber of !,

individuals involved with the walkdown which tends to slow down the pace of |
the effort. Advance notification and scheduling can streamline the process f

of gaining plant access. All people concerned with the plant- walkdown
including walkdown team members, plant operations personnel,' health physics I

personnel, security personnel and utility staff should be advised of U.i. i

dates and duration of the plant walkdown well in advance of the scheduled
-{

walkdowns (e.g., two months ahead of time).
!

The seismic review teams or individual ~ team members may want to have

discussions with other plant operations personnel prior to and during the |
walkdown to clarify the way a system or an item of equipment operates. If {
possible, these meetings should be planned well in advance so that people |
knowledgeable in the specific areas of concern will be available with a !
minimum of disruption in the normal operation of the plant. I

A summary of all the available seismic design and qualification data should
be prepared anc provided to the SRT several weeks before their scheduled

;

walkdown. The summary does not have to be formal, but it should be !
comprehensive. The Seismic Capability Engineers performing the walkdown |

~
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should become thoroughly familiar with the plant seismic design basis. The-
greater tie understanding of the plant seismic design basis and the design |

basis approaches taken for equipment qualification and anchorage, the |
easier it will' be to exercise judgment and experience to eliminate |
outliers. The ground response spectra resulting'from the Safe Shutdown. |
Earthquake (SSE), the floor response spectra and how they were generated, j

and data pertaining to effective grade of each building should be provided
{

to the SRT.
|!

Construction details of the anchorages for the safe shutdown equipment are |
essential for evaluating the seismic adequacy of the equipment. . Inspection i

and evaluation of anchorages is difficult if not impossible without the use I

of construction drawings, specifications, and bills of materials.
,

!

)!
The documents which should be available to the SRT include:

'I;

1. List of the safe shutdown equipment prepared using Appendix A. I

2. List of equipment for which prior seismic qualification !documentation exists,
i

3. Summary of the plant seismic design ' basis, spet.lfically: ground
response spectra for the SSE, background datt 97 effective grade ;
definition, seismic design criteria, ampliftaa ifioor) response
spectra, etc. ,

4. Standard details for equipment anchorages, i
:

5. Plant arrangement drawings.

6. Health physics and plant security requirements.

.

!

i
a

|

!
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SCREENING WALKDOWN PLAN |
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Appendix F

SCREENING WALKDOWN PLAN

F.1 INTRODUCTION

This ippendix describes an approach which can be used to perform the
screening evaluation of the safe shutdown equipment during the plant
walkdown. This approach is based on the experience gained in performing.
the SQUG trial punt reviews. This appendix covers: (1) the organization ;

and approach which can be used by the Seismic Review Team (SRT),-(2) the.

degree of inspection to be performed, (3) walkdown logistics, and (4)
screening walkdown completion.

F.2 ORGANIZATION AND APPROACH OF SRT

The number of individuals in each Seismic Review Team (SRT) should be
minimized to permit ready access to inspect equipment and facilitate
movement. In addition to the two Seismic Capability Engineers, a systems
or operations engineer may also be involved in the walkdown as needed by
the SRT to provide information on how a system or an item of equipment
operates to accomplish its safe shutdown function. Health physics and
security personnel may also accompany the SRT as the need arises.

Each group of individuals walking down the plant should collectively have:
N

') 1. An understanding of.the plant layout and location of the various
1

system and equipment scheduled to be evaluated during that
walkdown period;

2. An understanding of the scope and objectives of the walkdown I
including the methodology and procedures;

3. An understanding of the seismic verification guidelines including
inspection techniques and evaluation criteria;

4. An understanding of the operational aspects of the plant and the
importance of the various plant systems and equipment.

F-1
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SRT decisions concerning equipment seismic adeouacy should be made on.the

spot, if possible, and the walkdown should proceed al a pace consistent |
)with this objective. Decisions to verify the seismic aie pacy of equipment _ ,

should be unanimous among the Seismic Capability Engineers.. Concerns

which do not permit seismic verification during the screening walkdown
should be documented and left for further review to either eliminate the

Iequipment as a required part of the safe shutdown system (i.e., select a
' I

different train or set of equipment) or identify it as an outlier for-
further evaluation (as described in Section 5). During the walkdown, many- J

items of equipment may have verification results that are unknown.. The SRT .

should decide what information or additional action is required to' rosolve
the issue and inform the appropriate support staff personnel so that, if
possible, the issue may be resolved during the later part of the walkdown.

,

if several Seismic Review Teams are used to conduct the screening
verification and walkdown, then a means for coordinating the activities. of
the various teams should be used to ensure-that all the equipment and

! activities of the evaluation are covered. This coordinating function could
be performed by a single individual or by a committee of individuals from
the various SRTs.

>

F.3 DEGREE OF INSPECTION
i

All of the equipment on the safe shutdown equipment list (SSEL).should be
reviewed. Exceptions to this may occur (e.g., equipment in very highi

radiation areas or otherwise inaccessible' locations), and each exception
should be justified by the SRT. The level or scope of evaluation may vary
depending upon the experience and judgment of the SRT.

The number of equipment items that are classified as outliers, .and require

| further evaluation, usually depends on the original design and construction
| of the plant, existing available documentation, current maintenance ;

practice, and the degree of expertise of.the SRTs.

F-2
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. F.4 WALKDOWN LOGISTICS j

| The SQUG trial plant walkdowns were conducted over a two-week period using
several SRTs. The following procedure was used to facilitate these

,

L walkdowns. i1

f
A three-to-four hour kick-off meeting was scheduled for the beginning of
the plant walkdown. This meeting provided a briefing on the objectives of 1

. the walkdown, the organization of the walkdown groups, the planning for the' I

walkdown, and the breakdown of the total list of equipment for which each |
group was responsible. Radiation training (including whole body counts and j
issuance of personnel dosimetry) and plant access requirements (obtaining
security badges) for the SRT members were done. prior to this kick-off

meeting. After this kick-off meeting, the SRTs commenced with the plant' '

;

walkdown. I

!

!

A daily morning meeting was held in which the SRT reviewed the. equipment-
included in that day's walkdown. Anchorage drawings were'also made - ;
available snd reviewed by the SRT. The walkdown was conducted in morning |

'

l and afternoon sessions. A meeting was also held during the lunch break to :
!discuss problem areas and the approaches used by other SRTs.
|

1 '

i

The afternoon session began after lunch and lasted until dinner time. At
the optien of the utility and the SRTs, it may be desirable to conduct the i

walkdown outside of normal working hours. In any case, it is not >

recommended that the walkdown " day" exceed a total of about 10 hours. '

;

A short meeting was also held at the end of each-day to discuss the day's
walkdown, request information as required from the appropriate support !

staff personnel, certify the completed SVDS, review information retrieved :
by the support staff so that previously started evaluations could be
completed, and organize the next day's activities. Any unknowns were

reconciled as soon as possible after the item of equipment had been '

1

|-

|

-. -. - - - - . . -. -. - . . -- --



_ . _ . _ _ . _ .. _ _ _ _ . .

I

Revision 2 '

!'

inspected. The memory of the SRT for the particular equipment verification
~

was clearer, and the number of unknown equipment items did.not mount up >

during the course of the walkdown.

I

When performing the walkdown, the SRT had the appropriate tools to coll'ect I
and record data. These tools included a clip board (e.g., for SVDS and; j

SEWS), a ten foot long tape measure capable of measuring to 1/16 inch, ;

pencils or pens, and a flashlight. .The SRT may wish to use some form of i

carrying ' pack to allow hands to be free for climbing ladders, going through i,
crawl spaces, etc. j

Other tools may be included depending on ih9 preference.of the SRT. For'
example, a compact camera (subject to plant policy) can be useful to record

'

visual findings (each picture frame.should have a designation and be fully I

described.) A small audio cassette recorder can be used to record the !

subject of each picture frame and general notes about the walkdown, More
f

elaborate visual records can be obtained by using a video recorder. I

However, video equipment is usually cumbersome and expensive, and has not i
been used extensivel'y in past plant walkdowr.s. It should also be - S

understood that the use of personal. equipment. is typically at the
,

individual's own risk. If equipment is contaminated or broken, there is
,

,

often no compensation by the plant.

.

The SRT should.be aware that there is usually a need for hard hats, ' safety
glasses, hearing protection, and sometimes safety shoes. .SRT members

_

,

should consider wearing light cotton clothing since temperatures 'inside
i

operating nuclear stations, regardless of the time of year, are usually 75'
to 90'F with high humidity. These conditions can lead.to extreme personnel

,

discomfort, especially when protective clothing is required for walkdowns. i
in contaminated and high radiation areas.

:

1
i
i
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F.5 SCREENING WALKDOWN COMPLETION

At the completion of the Screening Verification and Walkdown, all
identified safe' shutdown esipment included in the walkdown sh'ould be I

classified as being either verified or an outlier. The SVDS should be

completed, checked for accuracy, and certified for each item'of equipment. |
The outlier sheets (OSVS) should be completed for eaca item of equipment !

identified as an outlier. Work sheets (SEWS), if used, should also be j
'

checked so that the information noted (judgments, description, and
calculations) can be reasonably followed by a reviewer. At the completion
of the Screening Verification and-Walkdown, the-SRT should inform the |
utility management about the walkdown results in detail.

>

.

O :
.

|
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.
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? Appendix-G

SCREENING EVALUATION WORK SHEETS
a

INTRODUCTION

l
'

|. The purpose of the . Screening Evaluation Work Sheets -(Sb 3) is to provide a;

p convenient summary and checklist of the seismic evaluation criteria. i
'

. described:in Section 4, Screening Verification and'Walkdown,/and"in 4

Section 7, Tanks'and Heat Exchangers. Review. :These SEWS can be used.dupings I
~

~ '.the plant walkdown. The use of the SEWS Lis- optional.- Thel only required - 4

document is the Screening Verification Data Sheets-(SVDS) described.in: !

Section 4. The SEWS ~in this appendix are.compatibleLwith the;SVDSiformL

shown in Exhibit'4-1.

1

The,ae are SEWS in-this appendix' for Equipment Classes #0)through ~#21. See-

Table 3-1 in Section 3 for a summary of the -sub-categories within each of
these classe's. The checklist statements are-very cLbrev$ated; see: Sections

( 4 and 7 and Appendices B and-C forf a complete description offeach checkli.W
'

item. ' '

Li

L Note: The work sheets cannot be used unless the users has a| thorough - j

understanding of this procedure and the reference documents.
.I

I Most ef the information at the top of each: SEWS-(Equipment.ID Number, '

'

Equipment Description, Equipment Location,'etc.)'can beientered~on the SEWS-
prior to the plant walkdown. If a data base program fs used to develop the
Safe . Shutdown Equipment List (SSEL) as described in Sec'. ion 3, then the '

information at the top'of ea'ch page of the SEWS'can be printed.directly.
from the data base file containing the SSEL information. Appendix-B of_the ,

report "Results of PWR Trial- Plt.nt Review" -(Reference M) contains. examples
of SEWS used during a SQUG trial plant review with' this information entered
at the top-of each page of the SEWS. !

,
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The body of the SEWS.is used as a' checklist' by circling the appropriate h;
symbol in response to.each. statement.. The meaning;of the. symbols is given

3
below:- j

l J

Y Yes. This criterion is' met. ("Y";is always the favorable:-

response.)- 5

N No. |This criterion is not met.-
.

'l

U= Unknown. It cannot be determined whether this criterion-is--
1 -4

met. j,

11

( 'N/A Not Applicable; Some of the criteria may not| apply; for a j-

particular item of' equipment.. '

'

s

Some of the statements on the SEWS ask which of several' alternatives is
*

p being used in the Screening Verification and Walkdown. Circle the s9mbol 9
for the selected' alternative; The meaning of theseLsymbols is self- g"
explanatory. After circlingcallzthe appropriate responses in,each section
of the SEWS, the final' statement.in each section can thun be answered as? jE

either Y, N, or U. Likewise, when a111the-sections have a!finallresponse,: 0
~

the last question on the. SEWS can then -be answered ("Is. Equipment !
| Seismically Mequate?"). The responses:to the qusstions in th'eLsections: J

~

and'the final question can all be entered directly into th(appropriate y
column in the SVDS (described |in Section 4).

1

L The SEWS also provide. space to record information about the-item ofp

equiper ., to document any comments the SeismicLCapability Engineers may
wish to make, to sketch the equipment, and to: sign off,

i

,
,

G-2
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5CREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2-

i

Equip. ID No. Equip. Class 0 - Other- -|
|

Equipment Description

Location: . Bldg. Floor El. Room, Row / Col
|

Manufacturer, Model, Etc. |

L ., It CAPACITY VS DEMAND
Does capacity exceed demand? YN U N/A-

t

:

AEH0&MiE
is the anchorage adequate? YN U N/A

10 '

J NTER,,JTION EFFECTS
Is equipment free of interaction effects? Y N -U N/A

JLE0VIPMENT SEISMICALLY ADE0VATE? YNU

\O
|V

.. -. --_ . _ . - . . - - . - . . . . - . _.



., - . .- -. . . . - - . - . - . ., . _ . - . - - - - - . - . - .

l
r -- .

| -

Revision:2' l

SCREENING EVALUATION WORK' SHEET (SEWS) - Sheet.2 of 2.

Equip. ID No.- Equip. Class 0'- Other i
~

Equipment Description

COMMENTS .|
q
+1

,

'
1

:

1
e

L
,

! )r

t

i

i

i

9~
1

. i
,

!

!
<

L

r
I

!

!

4

1

.

.i
.

Evaluated by: Date: +

4

1

L

5
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Status- Y N U

t

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 3

Equip. ID No. Equip. Class 1 - Motor control Centers ^!
'

Equipment Description

Location: Bldg. F1oor El. Room, Row / Col '
_

Manufacturer, Model,-Etc. f
\

SEISMIC CAPACITY VS DEMAND
1. Elevati , where equipment ~receivas seismic input '

2. Elevation of seismic input below about 40' from grade Y N - U-
3. Equipment has fundamental frequency- above about'8 Hz Y ~N'--U- N/A-

.

i

4. Capacity based on: Existing Documentation ; DOC
,

Bounding Spectrum-- BS i
GERS . GERS

5. Demand based on: Ground Spectra GRS
Amplified (Floor) Spectra. _AFS

Does capacity exceed demand? YNU i

(AVEATS - BOUNDING SPECTRUM

1. Equipment' is included in earthquake experience .
._ N/A

i
data base YNU >

2. 600 V rating or less Y N _U< N/A j3. Adjacent-cabinets which are close enough .

to-impact, or sections of multi-bay cabinets, '

are bolted together if they contain essential-
- . :relays' Y.- N U N/A..

4. Attached weight-(except conduit)'less )|
than about 100 lbs per cabinet bay

_ 'Y1 N U N/A-
5. Externally attached items rigidly anchored- Y'N'U.N/A :6. General configuration similar to NEMA ~ Standards Y LN U N/A
7. Cutouts in lower half less than 6 in, wide and

12 in. high
. Y-N U 'N/A~ |

8. All doors secured by latch or fastener. Y: N U -N/A i
9. Natural ' frequency -relative to 8 Hz limit ' considered 'Y .N. U N/A10. Anchorage adequate YN U' N/A
11. Relays mounted on equipment evaluated Y NU N/A-- 1

,

12. No other concerns
. Y N Ut N/A ;

Are the caveats met for Bounding Spectrum? .Y N U N/A i

i ;

.

i

'

.fv ,

;

,!

'l
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L . Revision 2
; SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 3

i

Equip. ID No.- Equip. C1 ass 1 --Motor Control Centers-
|

Equip. Jescription

CAVEATS - GERS -

1. -Equipment is included in generic seismic test
. N U'N/At..

1-data base Y
2. Meets _ all Bounding Spectrum caveats .Y' N U N/A'-

3. - Floor mounted cabinet- - Y. N':U N/A4. Average weight per section less than 800 pounds Y N| U N/A
5. Base anchorage utilizing MCC base channels .Y N' U ~N/A-6. Adequate load transfer path from: anchorage to

ibase frame Y-N U-'N/A 17. Essential relays have GERS > 4.5g-(only for
.

I

" function during" GERS) Y-N UL N/AL3. Able to reset starters (only for -
" function after" GERS)- Y ~ N .U N/A9. Base structural members integrally welded
(only for 3.5g " function after" GERS) YN U-N/A- . :

Are the caveats met for GERS? . Y N'U N/A- |

s

ANCHORAGE '

l. Appropriate equipment characteristics determined
_ .

.

. _ q

(mass, CG, natural freq., damping, center of rotation) . .Y . N U N/A-2. Type of anchorage covered by GIP Yi N LU; N/A: =i
4 - 3. Sizesiand locations.of. anchors determined, - : Y? N U N/A-4. Adequacy of anchorage installation evaluated ~

(weld quality, nuts and: washers, expansionLanchor
,

(tightness)' _ Y.iN1UHN/Al5. Factors affecting. anchorage capacity or margin'of
'

' .

safety considered: embedment length, anchor spacing, i

free-edge distance, concrete' strength / condition, and-
concrete cracking

. Y N.U N/A -

6. For bolted > anchorages, gap under base less than
1/4-inch LY- N U ;N/A

7. Factors.affecting essential relays considered: gap
under base, capacity reduction for expansion anchors -Y N U N/AL !

8 Base has adequate stiffness and effect of prying
action on-anchors considered Y - N . I' N/A"9. Strength of equipment base and-load path

qto CG-adequate
- Y H _U N/A-u 10. Embedded steel,. grout pad or large concrete I

pad adequacy evaluated ~Y 'N U N/A.
p Are anchorage requirements met? Y. N U

L l

|

O
L
|

! . _ .._ ._..u ._ - , _ . . _ , . - . a-...~.. . . n .. _: . . . _ . . . - . _ - , 2..._-.. .. . .a. . , . ~

-

'
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. . Revision 2 >

SCREENING EVALUATION WORK-SHEET (SEWS) Sheet 3 of 3

Equip. ID No. Equip. Class 1 - Motor Control Centers -

'Equipment Description

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y- N U N/A2. If equipment contains sensitive relays,. equipment-

free from all impact by nearby equipment'
or structures

3.
. Y N U N/A '

4. .
Attached ~ lines -have adequate flexibility Y N U N/A;
No collapse of overhead equipment or
distribution systems Y N.U N/A5.- No other concerns

. Y N U N/A.Is equipment free of interaction' effects? -Y N U-

IS E0VIPMENT SEISMICALLY ADE00 ATE? YNU
COP #iENTS

|

O
.

i

Evaluated by: Date:

|

O >

0
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Revision 2 -

Status- Y N ' U'
,

1

SCREENING EVALUATION WORK SHEET'(SEWS) Sheet 1 of 3 :

r

Equip. ID No. Equip. Class. 2 - Low Voltaae Switchaear

Equipment Description $

Location: Bldg. Floor El. Room, Row / Col- -l

Manufacturer, Model, Etc. f
-!

SEISMIC CAPACI1Y VS DEMAND. r
1. Elevation.where equipment receives seismic input

!2. Elevation of seismic input below about 40' from grade Y N U J3. Equipment has fundamental frequency above aoout 8 Hz. Y N U N/A :
4. Capacity based on: Existing Documentation DOC '

Bounding Spectrum BS
GERS GERS

5. Demand based on: Ground Spectra. -GRS
1Amplified (Floor) Spectra AFS i

Does capacity exceed demand? YNU

CAVEATS - BOUNDING SPECTRUM
l 1. Equipment is included in earthquake experience A

,

^

data base <Y N. U N/A2. 600 V rating or less
. :Y- N U; N/A

3. Adjacent cabinets which are close enough to impact, ,
or sections of multi-bay cabinets,' are bolted-.together '

,

if they contain essential relays '

Y .N U: N/A~
I

l 4. Attached weight-(except conduit) less
than about 100 lbs per cabinet bay YE N U N/A- !

,

5. Externally attached items rigidly anchored
_ .Y :N1 U~:N/A6. General configuration similar to-ANSI C37.20 Standards .Y N U N/A

7. Cutouts in lower half of cabinet side sheathing
less than 30% of width of side panel wide and .
less than 60% of width of side panel high excluding.

.

bus transfer compartment '

Y N. U N/A ,8. All doors secured by latch or fastener Y 'N U N/A 1
9. Anchorage adequate Y N' U N/A <

.

10. Relays mounted on equipment evaltnted Y N U:N/A'

11. No other concerns 'Y N U N/A - -

Are the caveats met for Bounding Spectrum? Y N U N/A

|O !

. _ . _ . _ . . _ _ - . . . . . _ . . _._....-....c_. . ... . _ . . _ . _.. . _ . _ _ _ . . - _~. . _ _ , -
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SCREENING EVALUATION WORK SHEET (SEWS) .
Revision 2-

h.
. .

sheet 2 of 3 r'

1

Equip'. ID No. Equip. Class 2 - Low Voltaae switchaear- f

-Equipment Description'

CAVEATS'- GERS
1. Equipment is included-in. generic seismic test data

Sass Y N- U N/A-
2. Meets all Bounding Spectrum caveats -.Y> N U N/A.

-

3.- Frcor-mounted enclosure- Y N .U N/A.
4. .M&nufactured by major vendor (ITE/ Brown Boveri,

- .
.

<

Westinghouse,GE,or.Powell)'
5. Average weight per section less than 1600 lbs

. Y N' U cN/A_

- Y: .N U N/A .|,

6. . Separate evaluation of breaker racking mechanism:
completed; seismic positioner or sufficient
side-to-side constraints used- Y' N .U' N/A1 ,

7. Anchored through base: Y N. U. N/A l8. Not considered special-purpose switchgear.-(e.g.,
. Y .. N _ _reactortrip)-

.

>

U N/A t

.9. All relays that could affect.the. function of the- '

breaker are adequately rugged--i e., not on Low
.

Ruggedness Relays list'
.

.
-Y: N U' N/A '

,!10. Relay evaluation. completed for all relays that are
-essential to other equipment YJ N U- N/AL

Are the caveats met for GERS?'o
.

Y N U N/,

,

ANCHORAGE
.

j
1. ~ Appropriate equipment-characteristics determined-~

.

.
.

c

(mass, CG, natural freq., damping, center of rotation): Y.::N u .N/A_-

2. Type of, anchorage ~ covered by GIP.- ,

3. Sizes-and~ locations of anchors determined .
Y :N U-- N/A H.

.

Y1 N U :-N/A'4. . Adequacy of anchorage installation evaluated . '

(weld quality, nuts and washers,; expansion: anchor
s

tightness)
.

. Y NU N/A--

:5. Factors affecting anchorage capacity.or margin of
:safety considered: embedment length, anchorfspacing, "

free-edge distance, concrete strength / condition, and
concrete cracking -Y N _U U/A6. For bolted ancoorages, gap under bas'e less than: ,

1/4-inch
. Y 'N. U :N/At

7. Factors affecting essential relays considered: _ gap
under base, capacity reduction-for expansion anchors Y N' U N/A8. Base has adequate stiffness and effect of prying

L ' action on anchors considered Y N- U N/A
| '9. Strength of equipment base and lcad path

to CG adequate Y N U N/A10. Embedded steel, grout pad or large concrete
pad adequacy evaluated Y N U N/AAre anchorage requirements met? Y'N U

- . - .-. . . . . - . . -
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Revision 2
SCREENING EVALUATION WORK SHEET (SEWS)- Sheet 3 of 3 :

,

Equip. ID No. Equip. Class 2 - Low Voltaae Switchaear.

Equipment. Description

INTERACTION EFFECTS.
1. Soft targets free from impact by near'.;y

equipment or structures- Y NU N/A '

2. If equipment contains sensitive relays, equipment-
free from all impact by nearby equipment or structures YNU N/A

3. Attached lines have adequate flexibility YN U N/A:
4. No collapse of overhead equipment or

..distribution systems Y N- U N/A-
'

5. . No other concerns Y N. U N/A !

Is equipment free of interaction effects? YNU

IS EQUIPMENT SEISMICALLY ADE00 ATE? YNU

COMMENTS '

|O
|

t

:

.

!

~

1

|

|

|
Evaluated by: Date:

-,

O
'

,

k
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Revision 2- !

StatusE Y_ N U |,

|

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 3*

Equip. 10 No. Equip._ Class 3 - Medium Voltaae Switchaear-

Equipment Description
!

L -

-

- t
Location::81dg.- F1ooi El. Room, Row / Col

,

r
Manufacturer, Model, Etc.

SEISMIC CAPACITY VS DEMAND .

1. Elevation where equipment receives seismic input' 4
2. - Elevation of seismic input below about 40' from grade
3. Equipment has. fundamental frequency above about 8 Hz -

Y NU
Y N-'U N/A

4. Capacity based on: Existing Documentation ~ DOC-
Bounding Spectrum BS t
GERS GERS

5. Demand based on: Ground Spectra . GRS
Amplified ' Floor) Spectra AFS

Does capacity exceed demand?- YNU
c

CAVEATS - BOUNDING SPECTRUM
1. Equipment is included in earthquake experience

-

|- data base- YE N-- U'. N/A'.2.\ 2.4 KV to 4.16 KV rating = :Y N U. N/A3. Adjacent cabinets which are-close enough to impact,
or sections.of multi-bay cabinets, are bolted together'
if they contain essential relays

_

. Y N U :N/A
~

. 4. Attached weight (excluding conduit) less:than
L about 100 lbs per cabinet' bay

- Y N -U' N/A
| S. Externally attached items rigidly. anchored-

.
:Y N. U N/A6. General configuration similar tc ANSI C37.20 Standards- - Y ' N .0 - N/A-

7. Cutouts.in lower half of cabinet sheathing
less than 30% of width of aide panel wide and' .
less than 60% of width of: side panel high' excluding
bus transfer compartment

'

Y N .U: -N/A8. All doors secured by_ latch or fastener Y NU N/A9. Anchorage adequate YN U-N/ARelays mounted on e Y: N' U .N/A10.
No other concerns quipment evaluated-11. Y N U-N/A

Are the caveats met for Bounding. Spectrum? Y N U N/A R

CAVEATS - GERS
1. Equipment is included in generic seismic test

data base Y N U N/A2. Meets all Bounding Spectrum caveats Y-N U N/A3. Floor-mounted enclosure Y N U N/A4. Circuit breakers are truck-mounted type,
not jack-up or vertical-lift Y N U N/A

O .

|

.-_-__ _- - ..- - ....-. - . . . .- ...- ... - . . - . - -.,.,--.-..a
.
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Revis'on 2-i
~

SCREENINGEVALUATIONWORKSHEETi(SEWS) Sheet _2 of 3:

Equip. ID No. Eq'uip. C " ' Medium Voltaae-Switchaear.

Equipment Description
_

CAVEATS - GERS'(Cont'd) '

5. Average weight per vertical section less than 1
'

5000 lbs .. . Y NLU=N/A j
6. Separate evaluation of breaker' racking' mechanism l

completed; seismic positioner or sufficient.
..

side-to-side constraints used
.. . , Yi H; UoN/A s

7. Inspection of internal' component (e.g. current I

-and potential transformers) mounting completed-
if capacity based on 3.0g GERS- ~Y'' N' U N/A-

8. Anchored through base
9. Not considered special-p"rpose switchgear'.

Y N U'N/A;. -

(e.g. reactoritrip) - .' . . .
Y ;N U'N/A {10. All relays that.could affect' the function of the

'_ breaker are adequately rugged--i.e.1not'on Low
Ruggedness Relays list '

>Y N'U_N/AL11. Relay evaluations completed for_ all relays that are
essntial to other equipment. Y N U'N/A

,

'

A.e the cm .ats met for GERS? DYiNUN/A
.i

ANCHORAGE
:1. Appropriate equipment characteristics determined? ~

(mass, CG, natural freq., damping,: center of rotation)c fYEN' U-._'N/A~ '

2. Type of anchorage covered by GIP: Y N .U =N/A3. Sizes and locations 4of anchors determined , Y N U ' N/A-4. Adequacy of anchorage installation evaluated. ''

(weld. quality, nuts and: washers, expansion anchor
-

.tightness)
. .Y N U ~N/A5. Factors affecting anchorage capacity.or marginlof-

safety considered: embedment length, anchor spacing,. :free-edge distance, concrete strength /cond.sion, and~
concrete cracking

.

. YN U''N/A-6. For bolted-anchorages, gap under base less than
1/4-inch. .Y: N- U N/A7. Factors affecting essential relays considered: gap

_ UDN/A'

-

'

under base, capacity reduction for expansion anchors Y: N
_

8. Base has adequate stiffness and effect of prying-
action on anchors considered ~Y- N -U N/A9. Strength of equipment base and load path
to CG adequate: Y- 'N -U N/A'10. Embedded steel, grout pad or large concrete

_

pad adequacy evaluated Y- N U N/A >

Are anchorage requirements met? Y- N U
,

,

O.
.

A

!
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Revision 2 !

SCREENING EVALUATION WORK SHEET (SEWS) - Sheet. 3 of 3' 1

;

t'- Equip. ID No. Equip. Class 3 - Medium Voltaae Switchaear
. .

Equipment Description j
. INTERACTION EFFECTS'

l. Soft targets free from impact by'_ nearby
iequipment or structures

.
. Y N U N/A '!

2. If equipment contains sensitive relays, t.iuipment il
_

free from all impact by nearby equipment or ;
structures Y NU N/A, =i

3. . Attached lines have adequate. flexibility. .YN U N/A
4. No collapse of overhead equipment or

distribution systems Y..N U N/A'
5. No other. concerns. Y N6U'N/A. <

Is equipment free of interaction effects? YNU i

IS E0VIPMENT SEISMICALLY ADE00 ATE? Y'~N U

-
1

1

l

|

1

9
,

l:

:

l

]

I

l

Evaluated by: Date: ;
'

l

,

|
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Revision 2
Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Shest 1 of 3 l

Equip. ID No. Equip. Class 3 - Medium Voltaae Switchaear

Equipment Description [--

!

Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc. j.

'SEISMIC CAPACITY VS DEMAND
t 1. Elevation where equipment receives seismic input

.

2. Elevation of seismic input below about 40' from grade- Y N U-
3. Equipment has fundamental frequency above about 8 Hz- Y N U N/A
4. Capacity based on: Existing Documentation - DOC

Bounding Spectrum BS
GERS GERS

5. Demand based on: Ground Spectra GRS
Amplified (Floor) Spectra AFS

Does capacity exceed demand? YNU

CAVEATS - BOUNDING SPEQJRW
1. Equipment is included in earthquake experience

data base Y N U|N/AO 2. 2.4 KV to 4.16 KV rating
3. Adjacent cabinets which are close enough to impact,

. Y N: U N/A

or sections of multi-bay cabinets, are bolted together
if they contain essential-relays

. Y_N U'N/A t

-

4. Attached weight (excluding conduit) less than. ~.
'

about 100 lbs per cabinet bay
. Y- N U N/A 1

5. Externally attached items rigidly anchored Y N U N/A
6. General configuration similar to ANSI- C37.20 Standards YN U N/A -

7. Cutouts in lower half of cabinet sheathing
less than 30% of width of side pr.nel wide and-

-

less than 60% of width of side panel h Qh excluding
bus transfer compartment Y' N V N/A-

8. All doors secured by 1atch or fastener Y h'U.N/A--
9. Anchorage adequate - Y N U N/A-
10. Relays mounted on equipinent evaluated Y- N U N/A ,

| 11. No other concerns . Y--N U N/A
j Are the caveats met for Bounding Spectrum? Y N U N/A

CAVEATS - GERS,

'

l. Equipment is included in generic seismic test
data base Y N U N/A

2. Meets all Bounding Spectrum caveats Y N U N/A-.

3. Floor-mounted enclosure Y N U N/A:
' 4. Circuit breakers are truck-mounted type,

not jack-up or vertical-lift Y N U N/A

,

4

- - - - - - - - - . _ _ - - _ _ --w,. . . 3 . , . , , . , _ , ,,,,.--,,-,m,,,,,-, ,,,, -nwr,, ., eu ,e. ,g q.,y.,m ,
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-Revision 2 !
L SCREENING EVALUATION WORK SHEET-(SEWS) Sheet 2 of 3L

'

~ !
L Equip. ID No. E:,a p. Class = 3 -- Medium Voltnoe 'Switchaear i

i

L Equipment Description

CAVEATS-- GERS (Cont'd)
L -5.- : Average weight per vertical section, less than

.

1

|- 5000 lbs
. . _Y N_U N/A

6. Separate evaluation of breaker a cki.ig mechanism
~

completed; seismic positioner or sufficient
. . . .

side-to-side constraints used Y" N.-Uf N/A- 1
7. Inspection of internal component (e.g. current

and potential transformers) mounting completed
.

. .

if capacity based on 3.09.GERS| Y N U N/A~8. Anchored through base. Y N'U N/A-
9. Not considered special-purpose switchgear..

(e.g. reactor trip)- _
. - Y fi U N/A-10. All relays that could affect the function of the-

breaker are adequately rugged--i.e. not on Low
JRuggedness Relays. list Y. N U_.N/A

11. Relay evaluations completed for all relays that are
.

t !
,

essential to other equipment Y .N U N/A i
Are the caveats met for GERS? .Y.-N U N/A

'

|-

ANCHORAGE
-- i

L 1. Appropriate equipment characteristics determined
(mass, CG, natural freq., damping, center of_ rotation) ..Y N 3 U; N/A (

2. Type of anchorage covered by GIP ''

Y; N, U N/A
L 3. Sizes and locations of anchors detemined Y: N- U N/A;

4. Adequacy of anchorage installation evaluated
(weld quality, nets and washers, expansion anchor
tightness) Y: N _U: 'N/A'5. Factors affecting anchorage capacity or margin of~. ~

safety considered: embedment length, anchor spacing,
free-edgedistance,'concretestrength/ condition,and

-
.t

concrete cracking Y N _U_ N/A6. For bolted anchorages, gap under base less than
1/4-inch Y N .U N/A

'

7. Factors affecting essential relays considered: gap-
| under base, capacity reduction for expansion anchors Y N U N/A8. Base has adequate stiffnessiand effect of pryingi-

!
action on anchors considered Y NU N/A9. Strength of equipment < base and load. path,

to CG adequate.. Y N U N/A,

10. Embedded steel, grout pad or large concrete
: pad adequacy evaluated Y NU N/A-
i Are anchorage requirements met? Y .N U

i

eI
I

'

; -i

i
$

__ __ ._ _. __ . _ _____________.____________._d
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Revision 2
SCREENING EVALUATION WORK SHEET.(SEWS) Sheet 3 of 3 '

OEquip.IDNo. Equip. Class -3 - Medium Voltaae Switchaear_

Equipment Description

INTERACTION EFFECTS
1. Soft targets free from impact by nearby-

equipment or structures Y N U- N/A- ,

2. If equipment contains sensitive relays, equipment
free from all impact by nearby equipment or :
structures Y N U N/A~

3. ~ Attached lines have adequate flexibilit;' Y N: U N/A- ,

4. No collapse-of overhead equipment or-
:dictribution systems .Y N U N/A-

5. No other concerns Y N U N/AIs equipment free of interaction effects? Y|N.U.

IS EOUIPMENT SEISMICALLY ADE00 ATE? YNU - [

COMMENTS

. ;

.

-

|.
|

Evaluated by: Date:

,
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: Revision 2 ,

Status Y NU |

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 3
;

Equip. ID No. Equip. Class 4 - Transformers
i

Equipment Description ;

Location: Bldg. Floor El. Room, Row / Col l
;

Manufacturer, Model, Etc.
i

SEISMIC CAPACITY VS DEMAND ;
1. Elevation where equipment receives seismic input

:2. Elevation of seismic input below about 40' from grade. YN U .

3. Equipment has fundamental frequency above_about 8 Hz Y- N U N/A {4. Capacity based on: Existing Documentation : DOC i
Bounding Spectrum BS !

GERS GERS
5. Demand based on: Ground Spectra GRS = I

Amplified (Floor) Spectra AFS |
Does capacity exceed demand?

'

YNU
i

CAVEATS - BOUNDING SPECTRUM !
1. Equipment is included in earthquake experience '

data-base Y NU N/A
( 2. 4.16 KV rating or less Y'N U N/A3. For floor mounted dry- and oil-type unit, i

transformer coils restrained within cabinet Y, N ~U N/A ,

4. For wall-mounted units, transformer coils anchored
. U N/A |

- i
to enclosure near enclosure support surface YN

S. For floor-mounted units, anchorage does r.ot rely on ;
weak-way bending of cabinet structures under

:lateral forces Y- N~ U .N/A6. Adjacent cabinets which are close enough to impact
are bolted together if they contain essential relays YN U N/A '

7. All doors secured by latch or fastener Y N- U N/A
i 8. Anchorage adequate Y N U N/A

.

| 9. Relays mounted on equipment evalui.ted Y N U N/A :10. No other concerns Y NU N/A
Are the caveats met for Bounding Spectrum? Y N U N/A

'

CAVEATS GERS
1. Equipment is included in generic seismic test data

.

,

base Y N U N/A .

2. Meets all Bounding Spectrum caveats Y_N U N/A~ {3. Dry-type unit (not oil-filled) Y N U N/A
4. Wall or floor-mounted NEMA-type enclosure Y NU N/A- - j

,

5. 120 to 480 VAC' rating Y N U N/A '

.

!

.- - - . * --m.. . . . _ . _ _ . . . . . . . . . . . , - . . . . . . . - , . .- . . - . . ~ . . , . 4
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Revision 2
SCREENING EVALUATION WORK SHEET.(SEWS) Sheet 2 of 3

-,

Equip. ID No. Equip. Class 4 - Transformers. t

Equipment Descriptionr

CAVEATS - GERS (Cont'd)
~

6. 7.5-to 225 KVA rating - Y-N.U N/A '

7. 180 to 2000 pound weight- N U N/A .!
'

8. Internal supports provide- positivo attachmert of-
.

transformer components [ NLU .N/A
Are the caveats met.for GEP.S?- -Y N U N/A

ANCHORAE . .-
.

1

l. Ap?ropriate equipment characteristics determined
.

(mass,- CG, natural freq., damping, center of rotation) YL N- U' N/A
2 .- Type of anchorage covered by GIP 1 Y -- N U N/A -

3. Sizes and locations of anchors determined' Y NL U N/A. .4. Adequacy of.- anchorage installation; evaluated
(weld quality, nuts and washers,- expansion anchor-

. tightness)- Y N U N/A' l
5. Factors affecting anchorage capacity or ~ margin of '

safety considered: embedment. length, anchor spacing, .
.'free-edgedistance,concretestrength/ condition,tand

concrete cracking
. .

. LY N-U_N/A- ;

'

6. For bolted anchorages, gap-under: base less than.
1/4-inch

'

'Ya N.~UL: N/A' ;
,

7. Factors affecting essential relays considered: gap
_'.Y L N: 1U N/A'-

'

under base, capacity reduction.for expansion anchors:
8. Base has adequate stiffness and effect of. prying- ,

action on anchors considered Y N-U;N/A,

9. Strength of equipment base and load path
- L i

to CG adequate Y N U :N/A10. Embedded steel, grout pad or large concrete
pad adequacy evaluated ; Y. N U N/A-

,

Are anchorage requirements met? Y .N U

INTERACTION EFFECJJ
1. Soft targets free from impact by nearby

.

equipment or structures
. Y N U N/A

2.. If equipment contains sensitive relays, equipment
free from all impact by nearby equipment'or structures Y N U: N/A-3. Attached ~ lines have adequate flexibility- Y N U N/A -

4. No collapse of overhead equipment or
distribution systems Y N U N/A5. No other concerns Y N U _N/A'-Is equipment: free of interaction effects? ~YNU

IS E0VIPMENT SEISMICALLY ADE0VATE? YNU
o

O

.

'

y == -%-m e -- e e-.- y ,, ,--u..- _.c. , _ _..____&_- _ _ _ _ _ _ _ _ ._ , _ __ _. _____.____,.__.,________,_a_,____._______.__..____m_ r_ _$________A--__
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Revision 2
SCREENING EVALUATION WORK SHEET (SEWS).' Sheet 3 of 3

.

. .
|

|-.
Equip..ID No. Equip. : Class - 4 --Transformers-

t-
'

Equipment Description'
'l

COMMENTS j
r

:

1

.I

:.f
s

: ,

. . ,I

,
,

,

,

6

. :..

F

.i

!

| .

!
'

Evaluated by: Date:- l

O ,

,

'h

i

ti

$
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Revision 2
Status Y .N; U

SCREENING EVALUATION WORK SHEET (SEWS)- Sheet 1 of 2

Equip. 10 No. . Equip. Class 5 - Horizontal Pumos

Equipment Description

Location: B1dg. .F1oor El. Room, Row / Col

Manufacturer, Model,-Etc.

Horsepower / Motor Rating RPM Head Flow Rate

}EISMIC CAPACITY VS DEMAND
.

.

1. Elevation where equipment receives seismic input
2. Elevation of seismic input below about 40' from grade -Y N U3. Equipment has fundamental frequency above about 8 Hz -YN U N/A4. Capacity based on: Existing. Documentation DOC

Bounding Spectrum BS
5. Demand based on: Ground Spectra GRS

Amplified (Floor) Spectra AFSDoes capacity exceed demand?
Y-N U'

CAVEATS - BOUNDING SPECTRUM
' 1. Equipment is included in' earthquake experienceO data base

.

. Y N U N/A2. Driver and pump connected by rigid base or skid; Y N U.N/A3. No indication that shaft'does not have thrust--
restraint in both axial directions Y~'N-U N/A-4. No risk of excessive nozzle loads such as-gross-
pipe motion or differential displacement

. Y N U N/A5. Base vibration isolators adequate for seismic loads Y N -U N/A'6. Attachedlines(cooling, air, electrical)have=
adequate flexibility Y1N U N/A7. Anchorage adequate Y NU N/A-8. Relays mounted on equipment evaluated YNU N/A9. No other concerns Y N U N/AAre the caveats met for Bounding Spectrum?

Y N U N/A
ANCHORAGE

1. Appropriate equipment characteristics determined
(mass, CG, natural freq., damping, center of rotation) Y :N U N/A2. Type of anchorage covered by GIP. Y N U N/A3. Sizes and locations of anchors determined Y N U .N/A4. Adeobacy of anchorage installation evaluated
(weld quality, nuts and washers, expansion anchor
tightness) Y N U N/A

O

. . _



1

Revision 2
-

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2,

Equip. ID No.. Equip. Class 5 - Horizonthi Pumns-

. Equipment Description-

ANCHORAGE:(Cont'd)
5. Factors affecting anchorage' capacity or margin.ofL

safety considered: embedment length, anchor spacing,
free-edge distance, concrete strength / condition, and:
corerete cracking Y. N 'U N/A6. For bolted anchorages . gap under base less thans,

~1/4-inch -

. - Y. - N U N/A'7. Factors affecting-essential relays _ considered: gap
Lunder base, capacity reduction for expansion anchors. Y~ N UEN/A;

8. . Base has adequate stiffness. and'effect of:pryingt
_ U::N/A-action on. anchors considered

_ Y- N
.' '

9. Strength of equipment base.and load path
to CG adequate:

. Y N U N/A10 Embedded steel. . grout pad or largeLeoncrete-
pad adequacy evaluated Y- N U -N/A

'

Are anchorage requirements met?- 'Y N U
INTERACTION EFFECTS I

1. - Soft targets free from impact by nearby-
. .equipment:or structures 'Y N.U N/A2. If-equipment contains sensitive relays, equipment-

_ ..

N/A'
'_ |free from all impact by nearby equipmentLor structures Y.N U '

3. Attached lines have adequate flexibility '

-Y N U LN/At -4.- No collapse of overhead equipment or '

distributict e,ystems Y N5. No other consarns Y~ t - U -N/AiU N/A'Is equipment iree of interaction effects? Y N:U ^ '

IS EOUIPMENT SEISMICALLY ADE0VATE? YNU
COMMENTS

)
q

|

Evaluated by: Da'te:

O;
L
i

_ _ _ _ _ _ _ _ _ _ - - - - - - - -
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'

Status Y NU

SCREENING EVALUATION WORK SHEEl (SEWS) Sheet 1 of 2

I

' Equip. i lD .No'. Equif., Class 6 - Vertical- Pumos 0,
-

,

n Equipment Description
n
X Location:; Bldg.- F1oor El. Room, Row / Col

Man'ufacturer, Model, Etc.
'

Horsepower / Motor Rating RPM Head Flow Rate

~ SEISMIC CAPACITY VS DEMAND !"
1. .E'ievation where equip'nent receives seismic input 1

2. F.levaticn of seismic input below about 40' from grade Y N__U,

L 3. Equipn. ant has fundamental trequency:above about 8 Hz - YNU N/A4. Capacity based on: -Existing Documentation D0C.
Bounding Spectrum BS

5. Demand based on: Ground Spectra GRS-,

Amplified (Floor) Spectra AFS
'

Does, capacity _ exceed demand?- YNU

' MyEATS - BOUNDING SPECTRUM .

O
. Equipment is included in earthquake experience1

qdata base- Y~ N :U. N/A 1

2.. Casing and impeller s'. aft not cantilevered more..

than 20, feet, with radial bearing at bottom to,

support. shaft Y N U :N/A j
3. No risk of excessive nozzle loads such as gross api?e motion or differential displacement Y N U_ N/A

'-

24.. Attached lines (cooling, air, electrical)'have
-

adequate z flexibility. Y-N U . N/A'
f_ 5. Anchorage adequate Y _N U N/A-t 6. Relays mounted on'e -Y N ' U - N/A .-.No other concerns quipirent evaluated-7. .Y N U_N/A-

LAre:the: caveats met for Bounding Spectrum? LY N'U N/A
:

ANCHORAGE
1. Appropriate: equipment-characteristics determined- y

:(mass,1 CG,: natural freq., damping, center of rotation) 'Y N U-_N/A '

2.. . Type of anchorage covered by GIP Y N U N/A
3. . Sizes and locations of anchors determined Y N U N/A} >46 ! Adequacy of, anchorage installation evals .ted 1

,

(weld quality, nuts and washers, expansion anchor - !

, . tightness)
. Y N U N/A

''

5.- Factors affecting anchorage capacity or margin of
*; ' safety considered: embedment' length, t.nchor spacing,
T free-edge distance, concrete strength / condition, and*

;6..
concrete cracking Y N U N/A
For bolted anchorages, gap under base less than
1/4-inch Y N U N/A

,

4

o ,

,
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Revision 2
r 6-

SCREENING EVALUATION WORK SHEL (SEWS) Sheet 2 of 2'.q. ,,
-

,

y

Equip. ID No Equip. Class 6'- Vertical Pumos

Equipment Description-

-ANCHORAGE (Cont'd)
7.> Factors affecting essential relays-considered:- gap _

under base,. capacity reduction for expansion: anchors Y ~ N U- N/A8. Base has adequate stiffness and effect of prying
action.on anchors considered

. Y N U N/A s9. Strength of-equipment: base and load path
'to~CG adequate Y N UsN/A10. - Embedded. steel,-grout pad or large concrete
pad adequacy evaluated

Y_ N- U- N/A-Are anchorage requirements met? 4

Y NU
. INTERACTION EFFECTS

7 1. Soft targets free from impact by nearby
Mi: equipment'or structures Y N U _N/A2. _If equipment contains sensitive relays, equipment

free from all impact by nearby equipment or structures Y' N U = N/A -
-

6 3. Attached -lines' have adequate flexibility Y- N U N/A4.. No collapse'of overhead equipment or
distribut' ion systems- Y NU N/Ae .5. . No other concerns. Y- N L: N/A^ Is equipment-free of: interaction effects? YNU

IS EQUIPMENT SEISMICALLY ADE00 ATE? YNU
COMENTS

w 7

' . .

i

b j
s

!

i

.

:
i

i.
-

.-

Evaluated by: Date:
<

e,
!

l

,
. .,
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Revision 2- -|
Status Y.' N- U' q

.;,3

O SCREENING EVALUATION W3RK SHEET (SEWS) -Sheet-1-.of 2'

LEquip. ID No.. . Equip. C1 ass 7 c Fluid-0perated Valves

lf LEquipment Description
'

. - i

; Location:: Bldg.- Floor El. Room, Row / Col
s i

Pipe Size and Design Clas'sification
.

Manufacturer, Model,.Etc.
]

SEISMIC CAPACITY VS DEMAND
,

2

-1. Elevation where= equipment receives seismic input
2. Elevation of seismic input below about 40' from. grade Y. NU !

3. Capacity based on:- Existing Documentation- DOC
'

'

Bounding Spectrum BS i
,

'

GERS GERS :
4.- ' Demand based'on: Ground Spectra GRS '

Amplified (Floor) Spectra AFS j
Does capacity exceed demand? Y N V: 1

CAVEATS BOUNDING' SPECTRUM .;
g Equipment is included in earthquake experience1.

3
- data base Y N U N/A

1 2. No cast iron body- YN U N/A ,

I 3. No cast-iron' yoke (for spring-operated pressure '

; relief or piston-operated-valves). Y N U N/A I

L 4.. Mounted on 1 inch diameter- pipe or larger Y N U N/A
| 5. ? Centerline of pipe to top of operator within [i ~ restrictions.of. Figure B.7-1 of Appendix B, or '

yoke can take static 3g load (for air-operated i
diaphragm, lightweight piston-operated, and

. spring-operated pressure relief valves) Y N -U N/A >

6. Centerline of pipe-to top of operator within
restrictions of Figure B.7-2 of Appendix B, or ,

'

yoke.can take static 3g load (for piston-operated
.,

valve'of substaatial weight) Y N U N/A ,

7. Actu'ator and yoke not braced independently from pipe Y N U N/A ~i

"8L Attached lines (air,-electrical) have adequate '

[
'

' 9. - No other concerns Y N U N/A
flexibility Y N U N/A

L
'

l Are the' caveats met.for Bounding Spectrum? Y N U N/A 1

,

5

~

h
. . . _. . ..
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Revision 2 !
AT SCREENINGEVALUATIONWORKSHEET(SEWS) . Sheet 2'of 2

' -

= Equip.|1D No.' Equip. Class 7 - Fluid-Onerated Valves
-

1
' Equipment Description .

[

l-CAVEATS - GERS- ..
. .

.

3 (Note that GERS for.this class apply up to attachment >

point' of valve to piping system; valve / pipe interface ;.is agi covered.)
1.' Equipment:is included in-the generic seismic test

._ N/A' ?,

;
-data base Y N U

2.- Meets all-Bounding Spectrum caveats Y N U N/A
''

.3. Air-operated gate or globe valve with spring-
opposed diaphragm-type pneumatic actuator Y N U N/A= '

i. 4. Use amplified response spectrum of piping system
.at piping / valve interface YN U~N/A :- 5. Valve and operator will not impact surrounding

structures and components Y N U N/A- '

6. - Mounted on' l' to 3 inch nominal pipe line
7.. Carbon. steel (not cast iron) yoke or bonnet.

Y N U N/A"
Y N U N/A-

Are the caveats-met for GERS? Y_N U N/A- ;

INTERACTION EFFECTS -

1. Soft targets free from impact by nearby
,

equipment or structures: Y N U N/A
'

2. Attached lines have adequate flexibility Y N U N/A
3.- No collapse of overhead equipment or !

. distribution systems Y~N U N/A' f.
4. 'No other concerns

. - Y N U -N/A 1

-Is equipment free of interaction effects? Y N 0-i

|- IS EOUIPMENT' SEISMICALLY ADEOUT.TE? YNU '

"
COMMENTS

'

,.

,5-

,.

1

!

, Evaluated by: Date. .i

i

. . . . . .
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Revision 2' '.m
. Status- Y. N U

7q.
(_/ SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

'

;
-t

Equip'. -' ID No. Equip. Class 8A Motor-0perated Valves |.

. Equipment Description- -|
_

Location: Bldg. Floor El. Room,, Row / Col =

.

Pipe Size and Design Classification:

Manufacturer, Model, Etc. 'k
SEISMIC CAPACITY-VS DEMAND

1. Elevation where equipment receives seismic. input
,

2. Elevation of' seismic input below about 40' from grade -Y N U
3. Capacity based on: Existing Documentation DOC

Bounding Spectrum BS ,

GERS GERS +

4. Demand based on: Ground Spectra GRS-
' Amplified (Floor) Spectra AFS

.

Does capacity exceed demand? YNU
;

2 [AVEATS - BOUNDING SPECTRUM
-1. Equipment is included in earthquake. experiencet f

$f data. base Y N U N/A .1J 2. No cast iron body Y N U N/A- '

3. No' cast iron yoke Y N U N/A .
4. Mounted on 1 inch diameter pipe or larger .Y N U N/A
5. Centerline of pipe to operator within restrictions

1 of Figure B.8-1 of Appendix B, or yoke can take ;

static 39 load Y N U N/A-'6. Actuator and yoke not braced' independently from pipe Y N U N/A
.7. Attached lines (electrical) have adequate flexibility Y N U N/A.

, . 8. No other concerns Y N U N/A
Are caveats met for Bounding Spectrum? Y.N U N/A-

4 -

CAVEATS - GERS
(Note that GERS for this class apply to 2nly motor |operator and its connection to valve; valve itself and
valve / pipe interface are agi covered.)
1.. Equipment is included in generic seismic test

data-base Y N U N/A i
2. Meets all Bounding Spectrum caveats Y N U N/A *

3. Use amplified response spectrum of piping system
and valve -at. valve / operator -interface Y N U N/A

4. Motor axis is horizontal Y N U N/A

,

O

.

- - _ _ _ . _.m. _ . _ _ . _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ . . _ _ _ _ . . . - - - - . -
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. Rsvision2
SCREENING EVALUATION WORK SHEET-(SEWS) Sheet _2 of 2

' Equip.-ID No. Equip. C1 ass 8A - Motor-Onerated Valves

Equipment Description

CAVEATS'- GERS (Cont'dL
'

,

5. Valve and operator.will not~ impact surrounding -t

structures and_ components
~

-Y N U N/A6. Motor controls remotely located Y. N U ~N/A-7. If valve has side mounted actuator attached to
secondary reducer, seismic brackets are used Y LN U N/A-

_Are the caveats met for GERS? Y.N U N/A
a

INTERACTION EFFECTS: .

1. Scft targets free from _ impact by nearby
equipment or structures- Y N_U N/A:2. Attached lines have adequate flexibility- Y' N

3. No collapse _ of overhead equipment or - U:N/A
-i

distribution systems .Y- ' N U N/A --;4.- No other concerns
- Y N U- N/A.

-

Is equipment free of interaction effects? ' Y_ N U
t

IS EQUIPMENT SEISMICALLY ADE0VATE? .Y N U
'

COMMENTS

-

[
- !

!

?_

]
.:

!

Evaluated by: Date:

:

.
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Revision 2 ;
.

Status Y N U'
.,.

i

y~y)f( q
SCREENING EVALUATION WORK-SHEET (SEWS) Sheet- 1: of 2 - ;

Equip. ID No. Equip. Class 8B - Solenoid-Ooe ad Valves
-|m

$ Equipment-Description l
.

location: Bldg. Floor El. Room, Row / Col
,_

Pipe Size and ~ Design Classification:
.
,

- Manufacturer, Model, _ Etc. f
SEISMIC CAPACITY VS DEMAND

'[1. Elevation where equipment receives seitmic input
2. Elevation of seismic input below about 40' from gr Y'N U
3. -Capacity based on: Existing Documentation DOC

Bounding Spectrum
GERS

'

BS

GERS
4. Demand based on: Ground Spectra GRS

,

Amplified (Floor) . Spectra - AFS |,Does capacity exceed demand? YNU

lp CAVEATS ' BOUNDING SPECTRUM '

T 1. -. Equipment is-_ included in earthquake experience
.

;

'A / data' base Y~N U'N/A
"2.

'

No. cast iron' body Y' N U .N/As~

3.. _No cast iron yoke Y N U N/A
4.- (Caveat does not apply to SOVs] >

5.' -Centerline of pipe to operator within restrictions,,

,

of Figure B.8-1 of Appendix B, or yoke can take
,static 3g load YN U N/A '

: 6. . _ Actuator and yoke not braced independently from pipe Y N U N/A
'7. Attached lines (electrical) have adequate flexibility -Y'N U H/A* 8. No other concerns Y N U N/A-

:Are caveats met for Bounding Spectrum? Y N~U N/A 1

7.. CAVEATS --GERS l
(Note thatLGERS for this class apply up to attachment

L point of valve to piping system or parent valve (if SOV
,

is a pilot valve); valve / pipe interface or parer valve
is EP.1 covered.)

L l '. Equipment is included in generic seismic test
data base Y N U N/A

2. _ Meets 1all Bounding Spectrum caveats Y N U N/A
y. 3. Use amplified response spectrum for piping system

at piping / valve interface YN U N/A '

r

V'
.

1, +

4
< A, .

. _ .
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. . Revision 1.
- SCRE2NING EVALUATION WORK SHEET (SEWS). . Sheet 2.of 2- *

*
j
o,

' ' Equip. ID No. Equip. Class BB - Solenoid-Onerated Valves (
.

-

7

4 - Equipment Description

|CAVEATS >. GERS (Cont'd)
. .

|4. Valve and operator will not impact surrounding-
--

structures and components: .. -Y-N U N/A
-

5_- Nominal- pipe size is-1 inch or less Y N U ; N/A - j

6. Valve body is forged brass or steel Y N U N/A '

7. Housing oriented in accordance with manufacturer's
-recommendations Y: N 0 N/A

8. ' Height.of. valve (pipe centerline to top of housing)
-

does not exceed 12 in. Y N U N/A-
'9.. If SOY is'a pilot on a larger valve, use amplified

.

response spectrum at attachment point of S0V to i
larger valve

_ Y- N U N/A _ _ |
Are the caveats met for GERS? Y N U N/A ,

1

INTERACTION EFFECTS
.

f 1. Soft targets' free from impact by nearby-
. equipment or structures Y N 18 N/A f

4+
Attached lines have adequate flexibility Y N U N/A2.1 >

3. No collapse of overhead equipuent or
~ distribution systems' Y N U N/A 1

7 o .4. No other concerns Y N' U' N/A'

Is equipment free of interaction effects?. YNU *

,

| IS EOUIPMENT' SEISMICALLY ADE00 ATE? YNU
'

COMMENTS I

, t

Evaluated by: Date: <

.

-4 r- < - ~ . 4 e , ,
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1 - Revision 2 .

'

Status' :Y- N U- .j
'

. ER[[NING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2-

Equip ~. ID No. Equip. Class n - Fans

EquipmentLDescription .}
. .

;

Location:LBldg. Floor El. Room, Row / Col
'

Manufacturer, Model, Etc.
.

SEISMIC CAPACITY VS DEMAND
1. Elevation where equipment receives seismic input j
2. Elevation of seismic input below about 40' from grade Y N U -j
3. Equipment has fundamental frequency above about 8 Hz Y N U N/A
4.- Capacity based on: Existing Documentation DOC- )

Bounding Spectrum BS <

5. Demand based on: Ground Spectra GRS i
'

Amplified-(Floor) Spectra AFS ?
Does capacity exceed demand? Y-N U ,: 4

CAVEATS - BOUNDING SPECTRUM n
1. Equipment is included in earthquake experience '

data-base YN U N/A d
2._ Drive motor: and fan mounted on common base Y N -U N/A- f

;O,
_ motor, shaft sepported at fan as well as motor Y N U N/A ,j

3.- For axial fan with long shaft between fan and d
,

;
'

:4. . No; possibility. of excessive duct .distor tion causing a
. binding or misalignment.of fan 'Y N U N/A ..

3.. ' Base vibration isolators. adequate for seismic loads Y~N U N/A j";6. Attached lines- (electrical) have adequate' flexibility Y NU N/A
7. Anchorage adequate Y N U N/A y

L . 8. No other concerns - Y N U N/A'
Are the caveats met for Bounding Spectrum? Y N U N/A-

ANCHORAGE

.l. : Appropriate equipment characteristics determined 1
'(mass CG, natural freq., damping, center of rotation) Y N O N/A Li

2.- Type of anchorage covered by GIP Y N U N/A j
" 3. Sizes and locations of anchors determined Y N U N/A

4. Adequacy of anchorage installation evaluated
(weld quality, nuts and washers, expansion anchor
tightness)

- Y N U.N/A4

5 '. Factors affecting anchorage capacity or margin of
safety considered: embedment length, anchor spacing,-

4

free-edge. distance, concrete strength / condition, and 'I
concrete cracking ~ Y N U N/A

6. For bolted anchorages, gap under base less than
1/4-inch Y N U N/A |

|

,

.. .-- -_ _ _ _ _ _ - - . _ _ _ _ _ _ _ _ _ _ - - - . .
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Revision 2.
SCREENINGEVALUATIONWORKSHEET_(SEWS); Sheet 2.of 2

'EquipiIDNo.- -Equip. Class '9 - Fans

: Equipment Description-
,

,

ANCHORAGE fCont'd)-
7.. Base has adequat'e stiffness and effect of prying

..

action on anchors considered YN U-N/A8. Strength of equipment base and load path
to CG adequate.- Y -N U N/A

9..- Embedded-steel, grout pad or large- concrete.,
'

pad adequacy evaluated. Y N U .N/A-'Are anchorage requirements met? Y N .U

INTERACTION EFFECTS-
1. . Soft targets-free from impact by nearby

equipment or structures Y N U.N/A2. Distribution lines have. adequate flexibility Y N U N/A. 1

3. No collapse of everhead equipment or-
distripution systems Y N U N/A-'4. No other concerns Y-N U N/A-Is equipment free of interaction effects? YNUi

IS EQUIPMENT SEISMICALLY ADEOUATE? Y. N U

COMMENTS
j
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'

Status Y N U- ;

[f 7 --
V SCREENING EVALUATION WORK' SHEET.(SEWS) Sheetfl of 2

j
,

Equip.-ID.No.- Equip. Class 10 - Air Handlers j
-

:

Equipment _ Description' 1

Location: Bldg. Floor El. Room, Row / Col j,

4 Manufacturer,- Model, Etc. ]
SEISMIC CAPACITY VS DEMAND i

1. Elevation where equipment receives seismic input.
2. Elevation of seismic input below about 40' from grade' Y N U 4

3. - Equipment has fundamental frequency above about 8 Hz Y N U-N/A ;

4. Capacity based on: ' Existing Documentation DOC' *

Bounding Spectrum BS /
5. Demand based on: Ground Spectra GRS

Amplified (Floor) Spectra AFS
*

'

Does capacity exceed demand? Y; N U ;

CAVEATS ~- BOUNDING SPECTRUM

"

-l. .. Equipment is included in earthquake experience j
data base Y N1 U-N/A '

l- ~2. Anchorage of heavy internal components is adequate; 4

i.- internal vibration isolators have . seismic stops to
'

- limit uplift and lateral movement Y .N U N/A- t~3. All doors secured;by latch or fastener Y N U - N/A'
4. Base vibration isolators adequate for seismic ioads Y N U N/A

g 5. . Attached lines (water, air, electrical) have adequate ~'
-

flexibility Y N U N/A
6. Anchorage adequate Y N U . N/A' '

Relays. mounted on e Y- N U N/A7.
No'other concerns' quipment evaluated .

8. Y N. U~ N/A
:Are lhe caveats met for Bounding Spectrum? Y-N U N/A

ANCHORAGE
.

;

1. Appropriate equipment _ characteristics determined '

.(mass,CG, natural freq., damping, center of rotation) Y N U N/A
L 2. Type of anchorage covered by GIP Y N U N/A.'

3. Sizes and locations of anchors determined Y N U N/A- ,
; 4.- Adequacy of anchorage installation evaluated

f''

(weld quality, nuts-and washers, expansion anchor
tightness) Y N U N/A'5. Factors affecting anchorage capacity or margin of
safety considered: embedment length, anchor spacing,
free-edge distance, concrete strength / condition, and,

L concrete: cracking Y N U N/A
6. For bolted anchorages, gap under base less than '

1/4-inch Y N U N/A

O

- _- _ _ _ . .
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. [ . Revision 2: ')
'

SCREENING EVALUATION WORK SHEET (SEWS):: Sheet' 2 of 2 i,| ,

Equip. ID_No. Equip' Class- 10 - Air Handlers- ). .-

!
Equipment-Description

ANCHORAGE (Cont'd)-
3

.
. 7. Factors affecting essential relays considered: gap.- U

under base, capacity reduction for expansionianchors; Y NDULN/A :
8. :- Base has adequate stiffness:and effect of prying

. . !
action on anchors considered :Y N.ULN/A- ;

9. Strength of. equipment base 'and load path 1

to CG adequate-
. Y.N U N/A' ,)

N 10. 1 Embedded steel, grout pad or large concrete
.

.

~

pad' adequacy evaluated ..Y N . U N/A E
-Are' anchorage requirements met? '.Y N .U l

1

4 INTERACTION EFFECTS
,

l.- . Soft targets-free from-impact by_ nearby j
equipment or structures. Y N U' N/A?-

'2. If equipment contains sensitive relays, equipment. '
.

free from all uimpact by nearby equipment or structures Y 'N U .N/A: )-

3. Attached. lines have adequate flexibility J ' N U ' . N/A - -I

4. No' collapse of overhead equipment or |
, distribution systems: Y.-N: U N/A'

5. No other concerns Y N U .N/A
IsLequipment free of interaction _ effects? ~Y N U:

a

IS E0VIPMENT SEISMICALLY ADEOUATE? YNU
w
$" COMMENTS :
M :j

; .)
~

v
-

V
|
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A
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Revision 2 q>

M Status- Y: N ._U jj4 f .
-

f SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2: y-

:
, ,

1 q

# | Equip. ID No.. Equip. Class 11 - Chillers q# _

:;

Equipment Description <;

Location: Bldg. Floor El. Room, Row / Col

Manufacturer,, Model, Etc. |,

SEISMIC CAPACI1Y VS DEMAND'
,x 1. Elevation where equipment receives seismic input

2. -Elevation of seismic input below about 40' from grade -Y N, U -<

3. Equipment has fundamental frequency above about-8 Hz Y N' U 'N/A.
.4. Capacity based on:-- Existing Documentation DOC.

Bounding Spectrum BS= d
'5.. Demand-based-on: Ground Spectra GRS-

1
.

. .

_
Amplified (Floor) Spectra -AFS -

Does capacity exceed demand?- Y.N;U

; CAVEATS - BOUNDING SPECTRUM l
;1. Equipment is-included:in earthquake experience 1

'

-( data' base Y N' U N/As
- '

'2. - _ Evaporator. andi condenser tanks reasonably braced-
_. i

between themselves for lateral forces without: I

1 relying on weak-way bending.of steel plates or. 1
-

' structural steel shapes Y N-U N/A 1
'3.- Basef and/or compressor / motor vibration isolators<

adequate-for seismic loads Y N -UV N/A
=4.- : Anchorage adequate

.
. _Y N .U 'N/A

5.- Relays mounted on equipment' evaluated ;Y N U. N/A
. . _6 . .No other concerns - - Y :N U N/A

' '

-

:Are the. caveats. met;for Bounding Spectrum? ' .Y N.V N/A

ANCHORAGE'
riate equipment characteristics determined

.
1.

' Approp! CG, natural freq.,- damping, center of rotation)0- (mass, YN U' N/A s1

__2. Type;of anchorage covered by GIP Y 'N U N/A- I..
"

3. . Sizes and locations of. anchors detemined YN U N/A "

d 4. Adequacy of ; anchorage installation avaluated '

* .(weld quality, . nuts: and washers, extansion anchorm
> tightness)

. Y N U N/A- :.

;5.. Factors affecting. anchorage capacity or margin of
'

'
,

. safety considered: embedment length, anchor spacing, '

. free-edge distance, concrete strength / condition, and'.
'

' concrete cracking
_ Y N U N/A

6. For bolted anchorages, -gap under base less than i
<

1/4-inch Y N U N/A i

1
'

r i

' '

-u . . _ - - _ - - _ _ - - - - . _ _ - - - _ . _ - - . _ - - - - - .,. , ,4
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, IffffNINGEVALUdTIONWORKSHEET-(SEWS)- :- o -2.-

-

Equip.'|ID No. Equip.' Class - 11 - Chillers' i
,

$ U- -EquipmentLD'rSOiption j
' ANCHORAL mont'd)1. =i

7. - Factors affecting essential relays considered: gap.

.under base, capacity reduction for' expansion anchors YJ N U N/A- .:
8. Base- has adequate sti.ffness and effect of- prying '

action on anchors ~ considered YN U'N/A-
9. Strengtn'of equipment base:and load path.

to CG adequate.
.

.

, YN U N/A-
~

<

p 10. Embedded: steel, grout pad or large concrete
..Y N U-N/A

t

pad adequacy evaluated - ''

'Are anchorage requirements met? Y . N U'

INTERACTION EFFECTS-
1.. Soft targets free from. impact by nearby. 'i-. -equipment or structures Y N 'U N/A-

4

2. If equipment contains' sensitive relays, equipment
free from all~ impact by nearby. equipment or. structures- YNU N/A- ;

,

3. . Attached 1ines; have . adequate flexibility Y' N' U N/A. 1
i

p. 4. No collapse of overhead equipment or ;
i distribution systems- Y< N _ U N/A .!

5.. No other concerns' Y N U ~N/AIs equipment free of interaction effects? Y. N V ~I

IS E0VIPMENT SEISMICALLY ADE0VATE? YNU '!y

' COMMENTS,
I

6

.i
, ,

c'f

|

.. i
,,

!
s

3

.

Eval'uated by: Date:
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-

,y, :Statusf Y NU
%-X , ,

,' b g -SCREENING EVALUATION WORK SHEET (SEWS) SheetL1 of 2 i
,

,

: Equip.cID No.- Equip. Class 12 -' Air comoressors,
,

,t

. Equipment Description- ;

i

Location: Bldg. Floor El. Room, Row / Col
'

3

Manufacturer,1Model, Etc.
|

o
.

;
'

SEISMIC CAPACITY VS DEMAND

l. Elevation _where equipment receives- seismic input ,;

2. Elevation of seismic input below about 40' from grade Y N_U
"

3. Equipment has; fundamental frequency above about.8 Hz- .YN U N/A*
-

t 4' Capacity based on:. Existing Documentation DOC
'

.

Bounding Spectrum BS
'

'

.5.. Demand based on: Ground Spectra GRS
_

Amplified (Floor) Spectra AFS.,

Does_ capacity exceed demand? .Y N U .

CAVEATS; = BOUNDING SPECTRUM

. l. Equipment is. included in earthquake experience
' data base. Y.- N_:U. N/A'.--

J} J2. . Base vibration-isolators adequate for seismic loads 'Y N: 'U N/A s
%- 3v | Attached ! lines have adequate. flexibility -Y N 'O 'N/A

4.: -Anchorage adequate | .Y N ,U N/A
--5. , . Relays- mounted on equipment evaluated Ye N~. U N/A i

,

-

. ,6 . , No other; concerns YN U N/A
Are the caveats met for_. Bounding Spectrum? Y N U'N/A

ANCHORAGE

11 Appropriate equipment characteristics' determined
..

-(mass,.CG, natural freq., damping, center of rotation) Y N: U N/A
2.1 ~ Type'of. anchorage covered by GIP Y N U N/A3

3.> ~ Sizes and' locations ~of anchors determined _Y N; U' N/A
4. L Adequacy of anchorage installation evaluated

,

.(weld quality, nuts and washers, expansion anchor |
tightness)- Y- N U N/A -|

5. Factors affecting an'chorage capacity or margin'of I1

'

. safety considered: embedment length, anchor spacing, j

'

' free-edge distance, concrete strength / condition, and
. .

1 . concrete-cracking Y N U N/A
V 6; For bolted anchorages, gap under base less than

1/4-inch-
~

'Y N U N/A-
7. ~ Factors affecting essential relays considered: gap

under-base,' capacity reduction for expansion anchors Y N U N/A |
8. Base has adequate stiffness and effect of prying

action on anchors considered Y N U N/A
Oev 1

i:
i,

~

. . , _ . . . . . , _
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W?, y SCREENING EVALUATION WORK SHEET (SEWS)= Sheet 2 of 2 .[.

W,
;,,

f ' Equip;,ID No.- . Equip. Class -12 - Air Comoressors
'

e >

ML Equipment Description
.

,
x y

af ANCHORAGE (Cont'd) j
W9 :9. Strength of equipment base and load path -t.

N~ , ' ' ' to CG adequate ' Y. ~ N U N/A jJ - 10.' Embedded steel, grout pad or.1arge: concrete.
* pad adequacy evaluated Y N U N/A

''
,

, iAre anchorage requirements met? Y N '' U|, !
>

.

W ' INTERACTION EFFECTS
_

,

-1. -Soft. targets free from impact by. nearby
. 1

1H - equipment or structures Y'N U-N/A.

'- 2. ; LIf equipment contains sensitive relays, equipment , '

"o

free from all impact by nearby-equipment or structures Y N' U- @ A ., ,
'; 3. Attached lines have adequate flexibility. Y- N U|N/A

'
<

4.. No collapse of. overhead equipment or
. distribution' systems ~

Y N. U N/A. '.

5; No other concerns Y .N U N/A-
h'

, .: :Is. equipment free. of interaction effects? -Y,N U-

IS E0VIPMENT SEISMICALLY ADE0VATE? YNU
,

COMMENTS
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' Status Y. N U [
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LV SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2;

m . Equip. ID No. Equip. Class 13 - Motor-Generators' ~|

Equipment Description !

Location: Bldge Floor El. Room, Row / Col-

Manufacturer, Model, Etc. ;

SEISMIC CAPACITY VS DEMAND
1.- Elevation where equipment receives seismic input

-2.- Elevation-of seismic input below-about 40' from grade Y N U . '

3.- Equipment has fundamental frequency above about 8 Hz Y N U N/A'.

4. Capacity based on: Existing Documentation DOC
-Bounding Spectrum BS-

5. Demand based on: Ground Spectra GRS
Amplified (Floor) Spectra AFS

Does capacity exceed demand? Y N.U
.

CAVEATS - BOUNDING SPECTRUM
L 1.1 Equipment is included in earthquake experience

_ N/A- t
' data base Y N U

.

l.p 2. Main driver and driven equipment connected by '
Y N'U N/A: a

;I'

U a rigid support or skid
3. : Base vibration isolators adequate for seismic loads Y .N U N/A
4. Attached lines have adequate flexibility YL N U N/A
5. -Anchorage adequate YJ N U N/A r

H. 6. Relays mounted on equipment evaluated Y N-U N/A
7., No.other concerns Y-N U 'N/A

Are the caveats met for Bounding Spectrum? Y N U N/A

ANCHORAGE
b 1. Appropriate equipment characteristics determined-

. -

h. (mass,- CG, natural freq., damping, center of ' rotation) .Y NU N/A~-
i2. Type of anchorage covered by GIP- Y-N U N/A

3. Sizes and locations of anchors determined Y N. U N/A i
4. Adequacy of anchorage installation evaluated !

(weld quality, nuts and washers, expansion anchor 'l.

'tigntness)- _ Y N U N/A -|L
0 5. Factors affecting anchorage capacity or margin of -!
; safety considered: embedment length, anchor spacing, j

f' free-edge-distance, concrete strength / condition, and
|

'

concrete cracking Y N U N/A l
6. ' For bolted anchorages, gap under base less than

1/4-inch Y N U N/A
+ 7. Factors affecting essential relays considered: -gap
[

under base, capacity reduction for expansion anchors Y N U N/A
E 8. Base has adequate stiffness and effect of prying
'

action on anchors considered Y N U N/A

.
. .
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Revision 2:"'

SCREENING EVALUATION WORK SHEET (SEWS) ' Sheet 2 of 2--
,

Equip.,ID No. Equip. Class 13 - Motor-Generators
,

,

Equipment Description
-

ANCHORAGE (Cont'd)
- 9. _ Strength of equipment base and load path

to CG adequate. Y N- U N/A10. - Embedded steel, grout pad or large concreten

-pad adequacy evoluated Y N U N/A-Are anchorage requirener/u met? Y N'U-

-INTERACTION EFFECTS '

1.. Soft targets free irom impact by nearby-
equipment or structures Y N U N/A'2. . If. equipment contains sensitive relays, equipment

,

ifree from all . impact by nearby equipment or structures Y- , N U--N/A
3. Attached: lines have adequate flexibility Y N U N/A- d14.- No collapse of overhead equipment or

distribution-systems Y NU N/A .45.- No other concerns Y NU N/AIs: equipment free of-interaction effects? Y N U.-

IS EQUIPMENT SEISMICALLY ADE0VATE? Y N U-

COMMENTS

J
!

i

' .)
:

::

i

i

:)

i

!

!:

Evaluated by: Date:
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Status Y N U j

SCREENING EVALUATION WORK SHEET (SEWS) Sheet I-of 2

Equip.'ID No. Equip. Class 13 - Motor-Generators

Equipment Description

.|
w

beation: Bldg. Floor El. Room, Row / Col-
,1

1

Mtnufacturer, Model, Etc. j
L SlISMIC CAPACITY VS DEMAND
1 1. Elevation where equipment receives seismic input

j

2. Elevation of seismic input below about 40' from grade Y N U
3. - Equipment has fundamental frequency above about 8 Hz Y N U N/A
4. Capacity based on: Existing Documentation DOC'

_ _ _ Bounding Spectrum BS
5. Demand based on:- Ground Spectra GRS

Amplified (Floor) Spectra AFS
Does capacity. exceed demand? YNU ,

i
. t,

' CAVEATS - BOUNDING SPECTRUM
1. Equipment-is included in earthquake experience

data base Y N U N/A- "

. 2. Main driver and driven equipment connected by

|l'( a rigid support or skid
- Y N U N/A

3.. Base vibration isolators adequate for seismic loads Y N U N/A
L -4. -- Attached lines:have adequate flexibility Y N U N/A

5. . Anchorage adequate Y N U N/A }
6. - Relays mounted _on equipment evaluated Y N U N/A,

.

7. No other concerns YN U N/A. ;
Are the caveats: met for Bounding Spectrum? Y N O N/A

ANCHORAGE
.1. Appropriate equipment characteristics determined:

(mass, CG, natural freq., damping, center of rotation) Y N U N/A
,

-

_. 2. Type of anchorage-covered by GIP Y N U N/A
3. Sizes and locations of anchors determined Y N U N/A
4. Adequacy of anchorage installation evaluated

",
(weld quality, nuts and washers, expansion anchor
tightness) Y N U N/A'>

- ~ 5;- Factors affecting. anchorage capacity or margin of
safety considered: embedment length, anchor spacing,
free-edge distance, concrete strength / condition, and
concrete cracking Y N U N/A

. 6. For bolted anchorages, gap under base less than
1/4-inch Y N U N/A1

7. Factors affecting essential relays considered: gap
under base, capacity reduction for expansion anchors Y N U N/A

8. Base has adequate stiffness and effect of prying,

action on anchors considered Y N U N/A

!

I

i__-________________. .. . . .-
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E i, f Equip) ID No. ' Equip. Class 13 - Motor-Generators-
. u

'* : Equipment Description'
s' .

*
2 ANCHORAGE-(Cont'd)~

. l
'

9. - Strength of equipment base and load path
r

~n
.

to CG adequate
. Y. N' U N/A

'

:10.. Embedded steel, grout pad or large concrete. , -#
,

. sad adequacy' evaluated Y- N U;N/A= .,

Are,anc1orage requirements. met? Y N. U :Im,
. 1

).m INTERACTION EFFECTS j
L+ 1. - Soft targets free fro:n impact by nearby4 a
b equipment or structures Y-N U N/Ah 2. If- equipment contains ' sensitive- relays, equipment.

- free from all impact by nearby equipment or structures YNU N/A 1
3. - Attached lines have adequate flexibility Y'N-U N/A- 1

-

4. ~No collapse of overhead equipment or-
'

H
| distribution, systems. Y -N _U- N/A
L 5.- No other concerns- Y,|N. U .N/A

Is equipment free of interaction effects? =Y N U- 4

1
IS EQUIPMENT SEISMICALLY ADE0VATE? Y N U -. -

'

1 . \
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SCREENING-EVALUATIONWORKSHEET(SEWS) Sheet 1 of 3- 1
q
.

.

, Equip. ID No. Equip Class 14 - Distribution Panels ji

Equipment;Dascription- 1

Location:-Bldge Floor El. Room, Row / Col |
Manufacturer,1Model, Etc.- .)

~

.

SEISMIC CAPACITY VS DE%HQ -
1. ' Elevation where equipment receives seismic input

-2. Elevation of seismic input below about 40' from grade 'Y N U
-

3. Equipment has fundamental frequency above about 8 Hz Y N U N/A
.

4. Capacity based on:.- Existing Documentation DOC j
Bounding Spectrum BS i
GERS - .~ .GERS'-

5.- Demand based on:; -Ground Spectra GRS- aAmplified (Floor) Spectra - AFS
Does capacity. exceed demand?- Y N U-

CAVEATS'- BOUNDING SPECTRUM<

E. 9 Equipment is included in earthquake experience- 1.,

t Lt data base Y N U N/A-M 2. Contains only_ circuit breakers and switches Y N- U N/A>

; 3.- All- latches' and fasteners in door ' secured Y N U N/A, ,

4.- ' Adjacent cabinets which are close enough to. impact,
or sections of multi-bay' cabinets, are bolted together:

.. U N/A _
'J

if they contain essential relays Y N 05.- Wall- or floor-mounted NEMA-type enclosure Y N ~U N/A N

6. Anchorage. adequate Y N U- N/A J7.. Relays mounted on equipment evaluated Y N U' N/A. D8. . No other concerns Y N 'U N/A
~Are the caveats met for' Bounding Spectrum? Y N U N/A

1
CAVEATS - GERS

,

1. - Equipment is included in the generic seismic test |
. data base- Y N U N/A. 1

2.1 Meets all~ Bounding Spectrum caveats- Y N U-N/A i: 3. - 'Use panelboard GERS unless unit is free-standing and !

-designated as;a switchboard by manufacturer Y N U N/A
LAre the. caveats met for GERS? Y N U N/A

..

[ :
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iRevision'2 1

-SCREENINGEVALUATIONWORKSHEET(SEWS)I Sheet ' 2' of: 3
'

, ,

''

p Equip. ID No.
_ Equip. Class 14 - Distribution Panels- |

Equipment' Description !|

>

q
ANCHORAGE

_ _ .
--

t
y 1. Appropriate! equipment ~. characteristics' determined-

..

4 (mass, CG, natural'. freq.,' damping, center of rotation) Y N U~'N/A:'1 2. Type of-anchorage covered by GIP _
_. Y N- U: N/Ae

3. Sizes and locations.of anchors determined . - Y NU N/A1"4.. Adequacy of anchorage installation evaluated' :!
;(weld quality, nuts and washers, Lexpansion anchor
tightness)

. Y N. U N/A J
/ 5 '. : Factors affecting anchorage capacity or margin of-
h safety considered:: embedment. length, anchor spacing,

free-edgedistance,'concretestrength/ condition,and !

concrete cracking Y L N UJ N/A :6. For bolted anchorages, gap'under base:less than
-1/4-inch Y .N_ U N/A' >

7. -Factors-affecting essential. relays considered: gap _
._N/A ,

it
under base, capacity reduction for expansion anchors Y N U

'

8. Base has adequate stiffness.and effect of prying:i. r

action on anchors considered Y. N 'U N/A !
9. Strength of equipment base' and load path ,!-

to CG adequate | YN U'N/A:
10. Embedded steel, grout pad or large concrete

pad adequacy evaluated ' Y N U N/A
Are anchorage requirements met?. YN U '

-
:

INTERACTION EFFECTS '

1.- Soft targets free fromtimpact by nearby
,

equipment or structures- Y- N U'N/A '

2.. .If equipment contains sensitive relays, equipment
-

'

free from all fpact by nearby equipment or structures - YN U N/A.
.

3. Attached lines have adequate flexibility Y. N .U ?N/A4. No collapse of overhead equipment or-
.Y N Ur N/A

.cdistribution' systems
t

b 5. - No other concerns Y N U N/A )
L Is'eqtiipment free of interaction effects? Y-N:U- :

IS'EOUIPMENT SEISMICALLY ADEOUATE? .Y N U
'

,

V. f
'I

:, 4

3
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. . . . _ .
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_ |'k SCREENING EVALUATION WORK SHEET (SEWS) Sheet' l of 3 !

'

-

Equip. ID No. Equip.: Class 15'- Batteries on Racks' l
~

. Equipment Description ;,

Location: Bldg. Floor El. Room,' Row / Col' I

Manufacturer,.Model, Etc. I
1

SEISMIC CAPACITY VS DEMAND |
1. Elevation where equipment receives seismic input '

.2.- Elevation of seismic input below about-40' from grade .YN U' 4-

3 Equipment has fundamental: frequency above abou'. 8 Hz Y N U_N/A j4. Capacity based on: Existing Documentation DOC 3

Bounding Spectrum BS
GERS. GERS |

5. Demand based on: Ground Spectra- GRS
Amplified (Floor) Spectra AFS ,~

.Does capacity exceed damand? YNU

. CAVEATS - BOUNDING SPECTRUM .

1. Equipment is: included.in earthquake experience Ji
c data base Y N -U' N/A

''

:( -2. Plates of the cells are of lead-calcium flat-plate,
Plantd or'of Manchex design Y NU N/A

3. Each individual battery weighs less than 450 lbs Y N U N/A
.

4. - Close-fitting, crush resistant spacers fill |two-thirds of vertical space between cells Y N U N/A 1
*

.5. . Cells restrained by end and side rails Y N U N/A i6. Racks have longitudinal cross bracing- -Y-N 0 - N/A - !
7.- Wood racks evaluated to-indurtry accepted standards Y N U N/A
8. Batteries greater than 10 years old specifically 4

evaluated for aging effects '

Y'N U N/A
9. ' Anchorage adequate Y N U N/A
10. No other concerns Y N U N/A

Are the caveats met for Bounding Spectrum? Y N U N/A

CAVEATS - GERS I
,1. Equipment is included in generic seismic test.

~ data base Y N'U N/A
'2.- LMeets. all Bounding. Spectrum caveats. Y N U N/A
-3. Plates of the cells are of lead-calcium flat-plate

X design 1 (i.e., not Manchex design) Y N U N/A

O
,

,- - .-. -.. .-. . . .
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Revis' ion 2 '

:ICHEENING EVALUATION WORK SHEET (SEWS)' Sheet 2 of- 3 '

~[
m

$l. Equip..ID No. Equip. Class 15 - Batteries on Racks
4

Equipment Description- '
,

* CAVEATS'- GERS (Cont'd)
4.: Batteriet supported on two-step racks or

.

,

p single-tier racks'; restrained by double side and end ~
rails which are symmetrically located with respect to

-

:

the cell center-of-gravity Y N U N/A -

._

Are the caveats met for GERS? 'Y'N U N/A;
,

p ANCHORAGE

J ,1. Appropriate equipment. characteristics determined '

(mass, CG,- natural freq., damping,. center of rotation)- .Y N U N/A''
*

2.- Type of anchorage covered by GIP .Y N U N/A'
3. Sizes and locations of anchors determined Y N: U N/A. ,4. Adequacy of anchorage installation evaluated

.(weld _ quality, nuts and washers, expansion anchor y

tightness)
- Y -N U~ N/A

5. Factors-affecting anchorage capacity or margin of
safety considered: 'embedment length, anchor spacing, ;

' free-edge distance, concrete strength / condition, and ;
concrete cracking

. Y N U N/A :
6. For. bolted anchorages, gap.under base less than

! 1/4-inch- - YN U N/A ~

. ,

7. Base has adequate stiffness and effect of.-prying:
action on~anch: S considered Y :N U N/A'

p 8. _ Strength of equip;nent. base and load path
L to CG adequate

__
Y N' U iN/A

9. Emoedded steel, grout pad or large concrete -
.

N/A-
4

. pad adequacy. evaluated- Y N_ U :_

-Are anchorage requirements met? Y'N-U
'

;

INTERACTION EFFECTS'

L~ 1.- Soft targets free fromLimpact by nearby
equipment or structures Y. N U N/A

2. ~ Attached . lines have -adequate flexibility' Y N -U' N/A'
3. No collapse of overhead equipment or -i

. distribution systems Y N U N/A
4. No other concerns Y NU N/A'

Is equipment. free of interaction effects? YNU

V .IS EOUIPMENT SEISMICALLY ADE00 ATE? YNV
f

,
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- SCREENING-EVALUATION WORK SHEET (SEWS) Sheet 1. of 3
i

Equip. ID No. Equip. Class 16 - Batterv Charaers & Inverters-,

Equipment Description
q

l.ocation: Bldg. Floor El- Room, Row / Col f
'

.

lManufacturer, Model, Etc.

t. SEISMIC CAPACITY VS DitMgQ
l. -Elevation where equipment receives seismic input
2.= Elevation of seismic input below about 40' from grade- Y N- U

~ !;

3. -Equipment has fundamental frequency above about 8 Hz Y -N U N/A4.. Capacity based on: Existing Documentation DOC r

Bounding Spectrum BS- ,

:. GERS GERS'

5.- Demand' based on: Ground Spectra GRS ,

Amplified (Floor) Spectra AFS-
--Does capacity exceed demand? YNU

,

'

CAVEATS - BOUNDING ~ SPECTRUM '|
1. . Equipment iis included;in earthquake experience

data base. Y N U N/A :
.

iof- 2.- Solid state type Y N U N/A '

i3. For floor mounted, transformer positively
anchored-and mounted near base, or load path is
evaluated YN U N/A 1

4. Base assembly of floor-mounted unit properly
braced or stiffened for lateral forces Y'N U N/A5.- - For wall-mounted, transformer supports and

|

<

bracing proside adequate load path to.the rear i
cabinet wall Y N U N/A,. -

L 6. All latches and fasteners in doors secured Y N U N/A '

|. 7. Anchorage adequate Y -N U N/A8. Relays mounted on equipment evaluated ,

. 9. No other concerns ~' Y N U N/A
Y N U N/A-Are the-caveats met for-Bounding Spectrum?- Y N U N/A

m
'

l

CAVEATS - GERSt~
' 1. , , Equipment is included in generic seismic test

data base Y N U N/A i2. - Meets all Bounding Spectrum caveats Y N U N/A3. Silicon-Controlled Rectifier (SCR) power controls;
wall- or floor mounted NEMA-type enclosure Y N U N/A

O '

.
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SCRCENING EVA:JATION' WORK SHEET (SEWS) Sheet 2 of 3

Equip.-ID Nos Equip.- Class 16 - Batterv Charaers &: Inverters
'

. Equipment Description '

,

CAVEATS =- GERS (Cont'd)-
-4..- Battery charger ratings:

.

24-250 VDC
'

Y N U-N/A;,

120-480 VAC Y N U N/A
. . 25-600 amps Y N-U N/A1

150-2850 pounds' Y N U- N/A~5. ' Inverter ratings:
120 VDC only. Y N -U N/A
120-480 VAC Y_N U N/A0.5-15 KVA Y- N U N/At300-2000 pounds Y N U-N/A.6. Heavy components are. located in lower half of cabinet-

and are-supported from base or rear panel with no panel-

cutouts adjacent to' attachment Y-N-U N/A -
Are the-caveats met for GERS?- Y N-U N/A

!ANCHORAGE
_.

. .
3 !1. Appropriate equipment ~ characteristics determined 1

-(mass, CG, natural freq., damping, center of rotation) Y N>U N/A- l:

2; " Type of anchorage covered by GIP- Y N U'N/A'3. Sizes-and locations of anchors determined Y,N U: N/A
4. Adequacy of anchorage installation evaluated

#' (weld quality, nuts and washers,- expansion anchor
, tightness)- Y-N U'N/A5. Factors.affecting anchorage capacity or. margin of
safety considered: embedment length, anchor spacing,
free-edge.di.tance, concrete strength / condition,-and jconcrete cracking. Y N .U N/A. 9.6., For bolted anchorages, gap under base less- than:

-

1/4-inch
. . Y N U' N/A ;

-

,

7.. Factors affecting-essential' relays -considered:- gap '

under base,_ capacity reduction for expansion anchors Y N U N/A8.- Base has adequate stiffness and effect of prying
- i

,

action on anchors considered Y N U N/A 19. Strength of ~ equipment base and load path '

to CG adequate
. Y N U N/A10. . Embedded. steel, grout pad or large concrete

.

pad adequacy evaluated Y N U N/A-LAre anchorage requirements met? Y N U
"V INTERACTION EFFECTS.

e
c 1. Soft targets free from impact by nearby 1. equipment or structures = Y N U N/A2. If_ equipment contains sensitive relays, equipment ;

,

free.from all impact by nearby equipment or structures Y N U N/A d' 3. Attached lines have adequate flexibility Y N U N/A o

1

|::j a. _ . . - . . .
. . .. .

. -

- - - - - - - - -

-

.



Revision 2
SCREENING EVALUATION WORK SHEET (SEWS) Sheet 3 of 3

Equip.:ID No. _ Equip. Class 16 - Batterv Charners & Inverters

Equipment Description
,

INTERACTION EITECTS (Cont'd)
4. No collapse of overhead equipment or

distribution systems Y N U N/A
%. No other concerns Y N U N/AIs equipment free of ateraction effects? YNU

1$ EQUIPMENT. SEISMICALLY ADE00 ATE? YNU

COMENTS

4

Evaluated by: Date:
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iGR ENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

:
~ .

,

Equip. ID No. Equip. Class 17 - Encine Generators
|

Equipment Desc w tion I
!

Loci. tion: Bldg. Floor El. Room, Row / Col '

!. Manufacturer, Model, Etc.
1

SEISMIC CAPACITY VS DEMAND
1. Elevation where equipment receives seismic input (4
2. Elevation of seismic input below about 40' from grade Y N U l
3. Equipment has fundamental frequency above about 8 bz Y N U N/%4. Capacity based on: Existing Documentation DOC 6

Bounding Spectrum BS .

5. Demand based on: Ground Spectra
. GRS

Amplified (Floor) Spectra AFS +
,

Does capacity exceed demand? YNU i

[AVEATS - BOUNDING SPECTRUM
1. Equipment is included in earthquake experience

data base- Y N U N/A
| .f 2. Driver and driven equipment connected by
' f a rigid support or common skid Y N U N/A.'L 3. Base vibration isolators adeque', for seismic loads Y N U N/A4.. Attached lines (cooling, air, electrical) have adequate

flexibility Y N U N/A
5. Anch> rage adequate Y N U N/A *

6. Relay 4 mounted on equipment evaluated Y N U N/A
,U 7. No other concerns Y N U N/A

Are the caveats met for Bounding Spectrum? Y N U N/A

ANCHORAGE -

1. Appropriate equipment characteristics determined
(mass, CG, natural freq., damping, center of rotation) Y N U N/A .

2.- Type of anchorage covered by GIP Y N U N/A -

3. Sites and locations of anchors determined Y N U N/A4. Adequacy of anchorage installation evaluated
(weld quality, nuts and washers, expansion anchor '

: tightness) Y N U N/A'

5. Factors affecting anchorage capacity or margin of
safety considered: embedment length, anchor spacing,

tfree-edge distance, concrete strength / condition, and
concrete cracking Y N U N/A

6. For bolted anchorages, gap under base less than
1/4-inch Y N U N/A

7. Factors affecting essential relays considered: gap
under. base, capacity reduction for expansion anchors Y N U N/.i

.- (~ 8. Base has adequate stiffness and effect of prying
t action on anchors considered Y N U N/A[

|

.
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Revision 2
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SCREENINGEVALUATIONWORKSHEET(SEWS) Sheet 2 of 2
i

9Equip. 10 No. Equip. Class 17 - Enaine-Generators

Equipment Description

ANCHORAGE fCont'd)~
g.. Strength of equipment base and load path

;

-to CG adequate Y N U N/A i
10.- Embedded steel, grout pad or large concrete 1

sad adequacy evaluated Y N O N/A ;
Are anciorage requirements met? Y N U !

INTERACTION EFFECTS
!1. Soft targets free from impact by nearby i

equipment or. structures Y N U N/A2.. If equipment contains sensitive relays, equipment-

free from all impact by nearby equipment or structures Y N U N/A |3. Attached lines have adequate flexibility Y N U N/A4. No collap.in of overhead equipmant or
distribution systems Y N U N/A_ :

5. No other concerns Y N U N/A .

Is equipment free of interar: tion effects? YNU ,

1S EQUIPMENT SEISMICAll.Y ADEOUATE? YNU [
!

,

t

||

i
t
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,

i
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SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 3v

L Equip. ID No. _ _ Equip. Class 18 - Instruments on Racks

Equipment Description

Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc.

SEISMIC CAPACITY VS DEMAND !
1. Elevation where equipment receives seismic input '

2. Elevation of seismic input below about 40' from grade Y N U
3. . Equipment has fundamental frequency above about 8 Hz Y N U N/A
4. Capacity based on: Existing Documentation DOC ,

Bounding Spectrum BS
GERS GERS

5. Demand based on: Ground Spectra GRS
Amplified (Floor) Spectra AFS

Does capacity exceed demand? YNU >

[AVEATS - BOUNDING SPECTRUM |
1. Equipment is included in earthquake experience

| data base Y N U N/A' ' ]g) 2. No computers or programmable controllers Y N U N/A ;I u 3. - Steel frame and sheet metal structurally ac' equate Y N U N/A" 4. Adjacent racks which are close enough to impact or '

sections of multi-bay racks are bolted together :if they contain essential relays Y N U N/A :
5. Natural frequency relative to 8 Hz limit considered Y N U N/A >

6. Attached lines have adequate flexibility Y N U N/A -

7. Anchorage adequate. Y N U N/A j
8. Relays mounted on equipment evaluated Y N U N/A i

9. No other concerns Y N U N/A
Are the caveats met for Bounding Spectrum? Y N U N/A ,

CAVEATS - GERS
1. Equipment is included in the generic seismic test

idata base Y N U N/A !

2. Meets all Bounding Spectrum caveats Y N U N/A '

3. Component is a pressure, temperature, level or flow
| transmitter Y N U N/A
E 4. Component is one of the specific makes and models

' tested, as listed in Appendix B Y N U N/A
5. Necessary function of component not sensitive to

.

seismically induced system perturbations (e.g., t

sloshing) Y N U N/A

I O ,

!

|
1

'
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Revision 2
SCREENINGEVALUATIONWORKSHEET(SEWS) Sheet 2 of 3

Equip. ID No. Equip. Class 18 - Instruments on Racks

Equipment Description

CAVEATS - GERS (Cont'd)
6. No vacuum tubes Y N U N/A7. All external mounting bolts in place Y N U N/A8. Demand based on amplified portion of 3% damped

floor response s sectrum if estimated natural
frequency of racc less than 33 Hz Y N U N/A9. Rack capable of structurally transferring GERS
level seismic loads to anchorage Y N U N/AAre the caveats, met for GERS?

Y N U N/A

ANCHORAGE
1. Appropriate equipment characteristics determined

(mass, CG, natural freq., damping, center of rotation) Y N U N/A2. Type of anchorage covered by GIP Y N'U N/A3. Sizes and locations of anchors determined Y N U N/A4. Adequacy of anchorage installation evaluated
(weld quality, nuts and washers, expansion anchor
tightness) Y N U N/A5. Factors affecting anchorage capacity or margin of
safety considered: embedment lengtu, anchor spacing,
free-edge distance, concrete strength / condition, and
concrete cracking Y N U N/A6. For bolted anchorages, gap under base less than
1/4-inch Y N U N/A7. Factors affecting essential relays considered: gap
under base, capacity reduction for expansion anchors Y N U N/A8. Base has adequate stiffness and effect of prying
action on anchors considered Y N U N/A9. Strength of equipment base and load path
to CG adequate Y N U N/A10. Embedded steel, grout pad or large concrete
pad adequacy evaluated Y N U N/AAre anchorage requirements met? Y N U

INTERACTION EFFECTS '

l. Soft targets free from impact by nearby
equipment or structures Y N U N/A2. If equipment contains sensitive relays, equipment
free from all impact by nearby equipment or structures Y N U N/A3. Attached lines have adequate flexibility Y N U N/A4. No collapse of overhead equipment or
distribution systems Y N U N/A5. No other concerns Y N U N/AIs equipment free of ir.teraction effects? YNU

IS E0VIPMENT SEISMICALLY ADE0VATE? YNU

l

l

|
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(s) Equip. ID No. . Equip. Class 18 - Instr"==nts on Racks - |
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Equipment Description j
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:
7 '![d EREEMIElVALUA110N WORK SHEET (SEWS) Sheet 1 of 2 ;

|
Equip. ID No. Equip. Class 19 - Temoerature Sensors ;

i
Equipment Description

Location: Bldg. Floor E1. Room, Row / Col
'

Manufacturer, Model, Etc. i

SEISMIC CAPACITY VS DEMAND '
'

l. Elevation where equipment receives seismic input -

2.. Elevation of seismic input below about 40' from grade Y N U ;

3. Equipment has fundamental frequency above aLout 8 Hz Y N U N/A -

4. Capacity based on: Existing Documentation DOC
,

Bounding Spectrum BS |

S. Demand based on: Ground Spectra GRS
Amplified (Floor) Spectra AFS

Does capacity exceed demand? YNU
!

CAVEATS - BOUNDING SPECTRUM
1. Equipment is included in earthquake experience

.( data base Y N U N/A
2. - No possibility of detrimental d.fferential i

displacement between mounting of connection ;
head and mounting of temperature sensor Y N U N/A

3. Associated electronics are all solid state ,

i

(novacuumtubes) Y N U N/A
4. Attached lines have adequate flexibility Y N U N/A :
5. No other concerns Y N U N/A

Are the caveats met for Bounding Spectrum? Y N U N/A *

INTERACTIeN EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. Attached lines have adequate flexibility Y N U N/A
3. No collapse of overhead equipment or

distribution systems Y N U N/A,

| 4. No other concerns Y N U N/A
( Is equipment free of interaction effects? YNU

,

1

I
l

L . .. _ _ _ _ . _ _ _ . _ . . _ _ _ __ _. __ _

|
-
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Revision 2
SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

1 ~

1

-vi Equip. ID No. Equip. Class 19 - Temnerature Sensors
'

Equipment-Description-

IS EQUIPMENT SEISMICALLY ADEOUATE? YNU

COMMENTS

1

|

6
.

Evaluated by: Date:
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SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 20 - Instr. & Control Panels & Cabinets

Equipment Description

Location: Bldg. Floor El. __ Room, Row / Col

Manufacturer, Model, Etc.

SEISMIC CAFECITY VS DEMAND
1. Elevation where equipment receives seismic input
2. Elevation of seismic input below about 40' from grade Y N U
3. Equipment has fundamental frequency above about 8 Hz Y N U N/A4. Capacity based on: Existing Documentation DOC

Bounding Spectrum BS
5. Demand based on: Ground Spectra GRS

Amplified (Floor) Spectra AFS
Does capacity exceed demand? YNU

CAVEATS - BOUNDING SPECTR2'
l. Equipment is includet' in earthquake experience

dat; base Y N U N/A
O..

2. ha :omputers or programmable controllers Y N U N/A3. No strip chart recorders Y N U N/A4. Steel frame and sheet metal structurally adequate Y N U N/A
.5. Adjacent cabinets or panels which are close enough i

to impact, or sections of multi-bay cabinets or '

panels, are bolted together if they contain
essential relays Y N U N/n6. Drawers ar.d equipment on slides restrained
from falling out Y N U N/A7. All doors secured by latch or fastener Y N U N/A8. Attached lines have adequate flexibility Y N U N/A9. Anchorage adequate Y N U N/A10. Relays mounted on equipment evaluated Y N U N/A

11. No other concerns Y N U N/AAre the' caveats met for Bounding Spectrum? Y N U N/A

ANCHORAGE

1. Appropriate equipment characteristics determined
(mass, CG, natural freq., damping, center of rotation) Y N U N/A

2. Type of anchorage covered by GIP Y N L N/A3. Sizes and locations of anchors determined Y N U N/A4. Adequacy of anchorage installation evaluated
(weld quality, nuts and washers, expansion anchor
tightness) Y N U N/A

o |
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Revision 2 {
SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2 ;

:
;

Equip. ID No. Equip. Class 20 - Instr. & Control Panels & Cabinet <

Equipment Description _---
f

ANCHORAGE (Cont'd)
5. Factors affecting anchorage capacity or margin of i

safety considered: embedment length, anchor spacing, ;
free-edge distance, concrete strength / condition, and '

concrete cracking Y N U N/A
,

e

6. For bolted anchorages, gap under base less than :

1/4-inch' Y N U N/A !7. Fa: tors affecting essential relays considered: gap '

under base, capacity reduction for expansion anchors Y N- U N/A8. Base has adequate stiffness and effect of prying
,

action on anchors considered Y N U N/A9. Strength of equipment base and load path !
,

to CG adequate Y N U N/A :10. Embedded steel, grout pad or large concrete
pad adequacy evaluated Y N U N/AAre anchorage requirements met? Y'N U ,

INTERACTION EFFECTS
1.. Soft targets free from impact by nearby

equipment or structures Y N U N/A; 2. If equipment contains sensitive relays, equipment
free from all impact by nearby equipment or structures Y N U N/A ;

'

3. Attached lines have adequate flexibility Y N U N/A !
; 4. No collapse of overhead equipment or !

distribution systems Y N U N/A !
5. No other concerns Y N U N/AIs equipment' free of interaction effects? YNU

,

IS EQUIPMENT SEISMICALLY ADE0VATE? YNU :

COMMENTS

|

,

|

|
1.

.

Evaluated by: Date:

9
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Revision 2
Status Y NU

.

V SCREENING EVALUATION WORV SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 21 - Tanks and Heat Exchanaers

Equipment Description
i

Location: Bldg. Floor El. Room, Row / Col

Manufacturer, Model, Etc.

SHELL CAPACITY VS DEMAND
Buckling capacity of shell of large, flat-bottom, ;
vertical tank is equal to or greater than demand: Y N U N/A '

i

.i

i

1

ARCHQR 30lTS AND EMBEDMENT
Capacity of anchor bolts and their embedments is equal !

,

to or greater than demand: Y N U N/A (

L)J
|i

i
i

CONNECTION BETWEEN ANCHOR BOLTS AND SHEli ,

Capacity of connections between the anchor bolts and !the tank shell is equal to or greater than the demand: Y N U N/A |

:
FLEXIBILITY OF ATTACHED PIPING

,

i

Attached piping has adequate flexibility to accommodate ,

motion of large, flat-bottom, vertical tank: Y N U N/A '.;

!

IS E0VIPMENT SEISMICALLY ADEOUATE? Y N U i

,

O !
.

.-

- -- . . - - - . . _ -w-_ -e . , _ . - . - _ . . - . , _ . . _.- -- .,-,-i-

.
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!, Revision 2
SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of.2.1

.

Equip. ID No. Equip. Class 21 - Tanks and Heat Exchanaers -

-

'

Equipment Description
i

COMENTS

.-

.F- 3

'

i

6
,

)

T

4

'

, ;

l

!

||

Evaluated by: Date:
,
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