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WILLIAM G COUNSIL
EXRCUTIVE VICE PRESIDENT

May 2, 1986

Vincent S. Noonan

Director PWR Project Directorate #5

Division of PWR Licensing - A

U.S. Nuclear Regulatory Commission

Washington, D.C. 20599

Reference: Letter to W. G. Counsil (TUGCO), from V. S. Noonan (NRC)
Subject: NRC Staff Request for Additional Information on
Comanche Peak Response Results Reports for ISAPs (I.a.4,
1.b.3, I1.b, I1I.d and VII.b.2) dated April 28, 1986.

Dear Mr. Noonan:

Enclosed herewith is the information requested by the referenced letter.

Should you have any questions or need further clarification, please
contact Mr. John W. Beck at (214) 979-8646,

Very truly yours,
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John W. Beck for
W. G. Council
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ENCLOSURE

REFERENCE: DOCKET NOS. 50-445 and 50-446

REQUEST FOR ADDITIONAL INFORMATION FOR THE FIVE ISAP RESULTS REPORTS (I.a.4,
I.b.3, II.b, IIT.d, and VII.b.2) AND FUTURE RESULTS REPORTS.

QUESTION:

Address those questions raised in ASLB Memorandum, Proposed Memorandum and
Order dated April 14, 1986, and provide appropriate documentation.

RESPONSE:

The SRT expects to publish responses to the Board's questions, as
propounded in its "Proposed Memorandum" and modified during the
pre-hearing conference of April 22, 1986, in the form and time frame
described at that conference. See Tr. 24353 (4/22/86).

QUESTION:

2. Address whether the issues raised in the results reports had implications
of deficiencies in the QA/QC program, design and/or construction and
reference documents that will be provided to the staff that will address
these implications.

RESPONSE:

These issues fall into two categories: issues relating to design,
construction or testing identified during the conduct of action plans,
and the evaluation of action plan results for impact on collective
evaluations of the design, hardware, testing program or QA/QC program.
For the first category, Review Team Leaders have and continue to
formally notify each other of findings in the conduct of their
respective action plans that could impact or require investigation in
the context of another Review Team Leader's ISAP or DSAP. In
addition, deficiencies identified during the conduct of some action
plans may be evaluated for impact within that specific action plan
Results Report.

For the second category, the intent of the Collective Evaluation
Reports described in Section VI of the CPRT Program Plan, though not
explicitly stated, is to address the implications of any design,
hardware, testing or QA/QC deficiencies discovered during the conduct
of any Issue Specific Action Plan (ISAP) or Discipline Specific Action
Plan (DSAP) in the appropriate Collection Evaluation Report. These
Collective Evaluation Reports will be issued during the latter stages
of the CPRT Program.

NRC



REQUEST FOR ADDITIONAL INFORMATION (Cont'd)

QUESTION:

3. Where an ISAP resulted in corrective action, address the status of the
corrective action and identify the method you plan for communicating to the
staff the corrective action is completed.

RESPONSE:

Specific corrective action initiated as a result of discrepancies
identified during the course of implementing ISAPs are translated to
Project NCRs, TDDRs and TDCRs in accordance with the Project's
Program.

With respect to Results Reports I.a.4, 1.b.3, II.b, III.d and VII.b.2

no corrective action beyond the scope of specific deficiencies has

been recommended to the project.

To the extent that the Program Plan might require third-party

oversight of corrective action in any case, reporting of this overview

will be done as set forth in Appendix H, Section B, Paragraph 3.
QUESTION:

4, Describe how findings from one ISAP, which relate to a particular ISAP that
is being addressed are considered.

RESPONSE:

We do not understand the question as posed.




T.a.4 Asrecncnt Betwveen Dravin;s and Field Terminations

QUESTION:

1. For the instances identified by the NRC TRT and Region IV, and CPRT where
the drawings have not yet been revised, to reflect the existing field
termination conditions, provide the actions you are taking to upgrade your
as-built field termination drawings.

RESPONSE:

QUESTION:

For discrepancies identified by the NRC-TRT and CPRT, the drawings
have been revised or the field terminations corrected such that the
field terminations are appropriately reflected on the drawings.
Discrepancies identified to the Project by NRC Region IV have been
documented on NCRs and TDDRs. When these are dispositioned the field
terminaticns and drawings will agree.

To the extent the question encompasses nonterminated spare conductors,
the project drawings will not be revised to reflect the field; because
such conformity is neither a design nor project requirement.

2. What is the basis for considering terminated and non-terminated spare
conductors as valid population sample items for essential Class lE Systems.

RESFONSE:

The basis for including spare conductors in the population was as
follows:

2 Spare conductors could potentially be involved with functional
deficiencies (e.g., a spare conductor reversed with a
functional conductor, a spare conductor connected to an active
circuit, etc.), thus information concerning spares should not
be bypassed.

Conductors that were once functional were often converted to
svares by design change, and it was considered to be important to
check these conductors for adequacy of the design change
implementation process.

° The NRC/TRT checked and addressed spares. Ome of their findings
involved spare conductors that had once been functional and
(after being spared by design change) were not lifted from their
respective terminal points.



1.b.3 Conduit to Cable Tray Separation

QUESTION:
Provide the following information:
(1) Gibbs and Hill analysis report on conduit separation:

(3) DCA-15917 mentioned on page 2 of the Results Repcrct which reduced the
conduit separation to one inch (this may be included in the G&H analysis
report), and

(4) Gibbs and Hill memo EE-8G3, 1/17/84, which contained simplified analysis
reviewed by NRC-TRT on site (this may be included in the G&H analysis
report);

RESPONSE:

The information requested in items 1, 3 and 4 is attached. These
documents are all contained in the Results Report Working File or
Project Document Control Center.

ITEM DOCUMENT ISAP 1.b.3 FILE NO.
(1) GTN-71266 I.b.3 - 8A.022
GTN-71284 I.b.3 - BA,023
CPRT-294 I.b.3 - BA.028
(3) DCA-15917 (from Document Control Center)
(4) TWX #14,958 I.b.3 - BA.001
GTN=-69531 I.b.3 - 8A.002
Sandia Report I.b.3 - 8B.001

QUESTION:

(2) Documentation to indicate that TUGCO has approved the Gibbs and Hill
analysis report:

RESPONSE:

A FSAR change request which utilizes the Gibbs & Hill analysis as
supporting documentation is being prepared. When submitted, it will
document TUGCO's acceptance of the analysis.
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SENT BY TELECOPY

ARMS
INDEXED X

a— 830 anm.
SEPTEMBER 20, 1984

g 5l
TWX #14,958

ATTN: R. E. BALLARD / T. R. VARDARO / S. P. MARTINOVICH

SUB: NRC REQUEST FOR ADDITIONAL INFORMATION

THE NRC TECHNICAL REVIEW TEAM (TRT) HAS REQUESTED ADDITIONAL INFORMATION IN
THE AREA OF ELECTRICAL SEPARATION. THEIR SPECIFIC REQUEST IS AS FOLLOWS:

“THE TRT FOUND THAT THE EXISTING TUEC ANALYSIS SUBSTANTIATING THE ADEQUACY
OF THE CRITERIA FOR SEPARATION BETWEEN CONDUITS AND CABLE TRAYS HAD NOT BEEN
REVIEWED BY THE NRC STAFF.

ACCORDINGLY, TUEC SHALL SUBMIT THE ANALYSIS THAT SUBSTANTIATES THE
ACCEPTABILITY OF THE CRITERIA STATED IN THE ELECTRICAL SPECIFICATIONS
GOVERNING THE SEPARATION BETWEEN INDEPENDENT CONDUITS AND CABLE TRAYS."

WE HAVE DISCUSSED THIS REQUEST WITH T. R. VARDARQO AND S. P. MARTINOVICH.

PLEASE PROCEED IMMEDIATELY TO FORMULATE THE REQUIRED RESPONSE AND TELECOPY
IT TO US. A TIMELY RESPONSE IS OF UTMOST IMPORTANCE TO US. AS SUCH,
OVERTIME IS AUTHORIZED AND EXPECTED IN ORDER TO GET THE RESPONSE AS SOON
AS POSSIBLE.

IF YOU HAVE ANY QUESTIONS OR REQUIRE ADDITIONAL INFORMATION, PLEASE ADVISE.
W. I. VOGELSANG - ELECTRICAL ENGINEERING

L. M. POPPLEWELL

PROJECT ENGINEERING MANAGER

CPSES JOBSITE
910/890-8660 TUGCO GRSE

LMP:WIV:ery 95
. L 5-11
cc: pm DCC R3ECEWED

SEP 2 0 1964

DOCUMENT CONTROL
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A Dravo Company

September 27, 1984

GTN- 69531

Texas Utilities Generating Company
post Office Box 1002
Glen Rose, Texas 76043

Attention: Mr. J. B. George
Vice President/Project Gen. Manager

Gentlemen:

TEXAS UTILITIES GENERATING COMPANY
COMANCHE PEAK STEAM ELECTRIC STATION
G&H PROJECT NO.2323
NRC REQUEST FOR ADDITIONAL INFO
ELECTRICAL SEPARATION CRITERIA

REF: TWX-14958 (9-20-84)

Attached please find the analysis requested in the referenced
TWX substantiating the adequacy of the criteria for separation
between conduits and cable trays. An advance COpY of this
analysis was telecopied to W.I. Vogelsang on Monday 9-24-84.
(We have also transmitted under separate cover, one CcOopY

of Sandia Laboratories Report on Cable Tray Fire Tests
(SAND77-1125C) . Please advise if we can provide any
additional assistance.

Very truly yours,

GIBBS & HILL, INC.

/&foh\thMo~r
N Robert E. Ballard, Jr.
<¥ o Director of Projects
REBa- NL‘Sghzsco

1 Letter + Attachment

cc: ARMS (B&R Site) OL
W. I. Vogelsang (TUSI Site) 1L + Attachment

CWQEE
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Gibbs & Hill, Inc.

September 24, 1984

To: W. I. Vogelsang

Per your request to Sam Martinovich
enclosed please find one copy of
Sandia Laboratories Report on Cable
Tray Fire Tests (SAND77-1125C) and
cne copy of report entitled Separation
Criteria as prepared by SPMartinovich
and telecopied to you on September 24.

S. M. Marano

. —— o~ = — - — - - . ——— —— . — -



SEPARATION CRITERIA

The raceway separation criteria utilized in the Gibbs & Hill
elactrical drawings and specifications is based upon the reguire-
ments of IEEE-384, 1974 and Regulatory Guide 1.75 (Rev. 1, 1/75).
Although very specific criteria is provided in the Standard and
Regulatory Guide for separation between cable trays, no specific
criteria ‘s provided for separation between conduits and cable
trays.

In developing the separation details currently in Specification
ES-100 and on Drawing E1-1702-02, it was recognized that conduit
provides a raceway medium which effectively isolates internal
events (e.g., faults) from the external surroundings. In this
regard, a conduit system provides enclosure integrity far
superior to that of enclosed tray with covers and/or solid
bottoms and splice plates between sections. Therefore, the same
criteria required by the Standard and Regulatory Guide specif-
ically for trays, need not be arbitrarily applied to conduits.
In comparing rigid conduit to enclosed tray, it was noted that
condulit has:

1. Substantially heavier gauge body than tray - providing a more
effective heat sink than equivalent cross-sectional area of

tray.

2. Threaded connections providing essentially air-tight medium
which i1inhibits 1nternal combustion and effectively isclates
internal events from the existing surroundings.

3. Size typically limited to S-inch OD thus limiting both volume
of cables (combustibles) contained and exposed surface area.

4. Curved surface providing radial distribution of heat and much
less favorable heat transfer characteristics to or from an
adjacent tray than a flat surface of equivalent area.

Thus, in many instances, conduits satisfy the Standard's require-
ments for a barrier*.

*1EEE 384 defines a barrier as -- "A device or structure
interposed between Class lE equipment or circuits and a
potential source of damage to limit damage to Class lE systems
to an acceptable level."

iMAa>HITYRED BY TRLECOPLER
P-2¢- g#
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Details 45 through 49, 52 through 55 and 57 on E1-1702-02
identify the separation requirements between cable tray and
conduit. In general, these details require a minimum of 3-foot
horizontal and 3-foot vertical separation in all general plant
areas, and l-foot horizontal and 2-foot vertical separation 1in
the cable spreading room. This separation is reduced to l-inch
only in those instances where the conduit is considered to be an
effective barrier as discussed below.

For the details shown in ES-100 and on Drawing E1-1702-02, a
conduit has been considered to be an effective barrier whenever
it 1s at least l-inch away from circuits or raceway of a
dissimilar train and:

a. It contains no Class lE or associated circuits or,

b. It does not traverse directly above or in front/behind a
horizontal or vertical tray, respectively, of dissimilar
train.

when a conduit contains no Class lE or associated circuits, for
example, 1t clearly satisfies the reqguirements of a barrier. It
should be noted that the barrier need not limit damage to non-
safety circuits to any level. Logically then, a conduit con=-
taining non-Class lE circuits can be placed up to l-inch from the
top, bottom or sides of a Class lE open ladder tray since the
conduit provides a protective barrier separated by at least l-
inch from the Class lE circuits (see Detail 49, El1-1702-02).

It is recognized that the converse is not true and conduits
containing safety-related circuilts may require more than l-inch
separation from open trays of dissimilar train depending upon
orientation of conduit and tray.

This has been considered in the separation criteria where in
general, the minimum required separation in any direction exceeds
12 inches.

The results of cable tray fire tests performed by Sandial
Laboratories for NRC (subsequent to issuance of IEEE-384, 1974),
to confirm the suitability of then current design standards and

regulatory guides, are supportive of the judgments used in
developing Conduit Separation Criteria for CPSES back in 1975
regarding self-induced fire effects on IEEE-383 qualified cables.
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Summarizing some of the more significant findings in the Sandia
Report:

l. In electrically initiated fires, the intense period of the
- fire persisted at a particular location for between 40 and
240 seconds before die out began to occur. This is less than
the time required to consistently ignite a tray of IEEE-333
Gualified cables in the propane-fueled exposure fires
(typically 300 seconds).

2. In the electrically initiated fire, cables in the tray 10.5
inches above the donor (fire) tray were exposed to a
convective heat flux of about 6000 BTU/hr/ft2, which
corresponds to a local gas temperature of approx. 1000
degrees F. The circuits remained functional and samples of
the insulation from the bottom of the tray over the fire zone
which were given elongation measurements, showed less than a
10 percent increase.

3. The luminous zone of the electrically initiated fire was
optically thin which enabled immersed objects to radiate heat
to the cooler surroundings. Thus equilibrium surface temper-
atures of engulfed cylindrical objects varied from about 1200
degrees F just above the tray to 650 degrees F at a height of
10 inches. (Note that minimum vertical separation of 24
inches utilized on CPSES is more than twice this distance and
maximum temperatures are anticipated to be well below temper-
atures successfully withstood during the fire tests.)

4. In the electrically initiated fire, heat transfer to immersed
objects is convection dominated with radiation accounting for
no more than 30 percent of the total heat flux, even in the
luminous regicn. (Logically then, conduits beside or below
horizontal trys are shielded from the major, convective heat
flux.)

Probably the strongest evidence in support of CPSES conduit
separation is the results of the exposure fire test conducted by
Sandia in which conduits and trays were included. In these
tests, 14 trays were stacked 10.5 inches apart. Directly above
each tray within 10.5 inches, a conduit containing additional
cables was located. No separation was provided between any
conduit and the bottom of the tray above. Although all circuits
in the conduits above the third tray failed during the exposure
fire (the conductors short-circuiting to the conduit and each
other), circuits in the lower two (2) conduits maintained circuit



integrity throughout the duration of the exposure fire.
Considering that the fire in the lower two (2) trays was more
severe than an electrically initiated fire, being externally
fueled and of longer duration, the results provide a conservative
worst case.

Recognizing that the Sandial tests are not plant specific, the
following analysis is presented to demonstrate with margin, the
adequacy of CPSES conduit/tray separation. A hypothetical worst
case is chosen whereby an open horizontal tray 1s separated by
only an air gap frum a vertical conduit (note that El1-1702-02
requies a minimum of 12 inches in Detail 47). See Figure below:

17
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Since the conduit 1s vertically oriented, convective heat
transfer is essentially negligible. Reference 1 establishes the
time-mean height of the luminous <one as 5 to 7 inches above the
tray and the radiated heat flux (for a cylindrical object
immersed in the fire) as 7000 BTU/hr/ft2.

Since exposed cables of one train cannot run within 3-feet
vertically of another train per IEEE-384, it can be very con-
servatively assumed that the minimum length of conduit will never
be less than this distance. Assuming this entire radiated heat
flux were transferred to 50 percent of the conduit circumference
(facing the tray) over a length of 7-inches corresponding to the
height of the luminous zone, the heat input rate is given as:

q in = 700) x 5( 7 d) 7 Btu/hr.
144" /£¢£2
Where d = conduit diameter (inches)




Since the only heat dissipation considered herein will be via
convection to surrounding air, the worst case value of 'd' is for
the minimum conduit size. Per NEC, a l-inch trade size conduit
has an inside diameter of 1.05 inches. This will be assumed also
for the outside diameter.

Then q in = 7000 x .08018 = 561 Btu/hr.
The heat dissipated to surroundings is given by:
q out = hAAT (ref. 2)

Where AT = difference between conduit surface
temperature and surrounding air
A = free surface area of conduit for convection

0.25

h=C (AT) for natural convection of a

solid surface in still air
C = 0.4/3 0.25 for vertical pipes more than
2 ft in length with
diameter = d (inches)
Assuming: q in = g out
q in = hA AT or T=gqg in/hA

and A = T d [36" - .5(7"))] = .744 ft2
144

b e o.4/d°'25 (aT) 225 2 9,395 (471025

then AT = 561
(.395) (.744) AT *F

25

or A&Tl‘ = 1908.2

and AT = 421 degrees F



Even 1in a 122 degree F ambient, the maximum conduit surface
temperature would not exceed 543 degrees F (122 + 421). This 1is
well below the temperatures to which exposed cables were
subjected (1000 degrees F local gas) in reference 1 with
satisfactory results. The analysis herein is also extremely
conservative in that conduit supports (and heat conducted to
them) and radiant heat dissipation are neglected, a continucus 7-
inch flame is assumed adjacent to the conduit, a conduit length
of only 3-feet is assumed, and only an air-gap separation is
assumed between conduit and tray.

? sandia Report No. SAND77-1125C
2)General Electric Handbook 2nd Edition, C. E. O'Rourke
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Gibbs E Hill, Inc.

11 Pernn Plaza

New York New York 10001
212 760

Telex

Domastic 127636/968694
Intemational 428813/234475

A Dravo Company

February 28, 1986
GTN-71266

‘Egggfas Utilities Generating Company
st Office Box 1002

Glen =, Texas 76043

Attent.on: Mr. J. B. George
Vice President/Project Gen. Mgr.

Gentlemen:

TEXAS UTILITIES GENERATING COMPANY
COMANCHE PEAK STEAM ELECTRIC STATION
G&H PROJECT NO. 2323
CONDUIT TO CABLE TRAY SEPARATION

REF 1: TRT ITEM 1.b.3
REF 2: GTN-70600 DTD 9/19/85

Enclosed please find Gibbs & Hill's Tray/Conduit Separation
Criteria for incorporation in the TRT Item l1.b.3 results
report. Mechanical calculation No. 800, Rev. 1 will be
transmi:ted under separate cover on Monday, March 3, 1986
upon completion of design review.

The criteria and analysis are in agreement with and support
the FSAR change request previously submitted via reference 2.
Therefore, no additional changes to the FSAR regarding this
subject are anticipated.

Please advise if you have any questions or require further
assistance.

Very tru yours,
GIBBS/& HILK, Inc.

/ /
% o 7&_/' (,djw . 'L >
REBa-Jlr lc ¥

obert éj Ballard, Jr.
1 Letter Director of Projects

CC: S (B&R Site) OL .
W. I. Vogelsang (TUSI Site) 1L lA



TRAY/CONDUIT SEPARATION CRITERIA

doscedussign

The raceway separation criteria utilized in the Gibbs & Hill
electrical drawings and specifications for the Comanche Feak
Steam Electric Station (CPSES) are based upon the requirements of
IEEE-T84, 1974 and Regulatory Guide 1.7% (Rev. 1, 1/773). Although
very specific criteria are provided in the Standard and
Regulatory Guide for separation between cable trays, the same
degree of specificity is not provided for separation between
conduits and cable trays.

This discussion will therefore present the methodology used 1in
applying IEEE-384, 1974 and Regulatory Guide 1.75 (Rev. Y- 3279
to conduits requiring separation from cable trays of redundants
safety trains. Separation details are shown on Drawing E1-1702-02
which, as stated therein, apply when hazards are limited to
failures or faults internal to electrical equipment or raceways.
Where other potential hazards from sources such as missiles, high
energy line breaks, pipe whip or external fires exist, greater
separation may be required. Such conditions however, are beyond
the scope of the drawing and this discussion.

It 1is apparent from the discussion in the foreward to IEEE-384,
1974 (and in the subsecuent revision in 1977) that the minimum
separation distances in the standard were based upon the
potential effects of an electrical fire. Regarding the additional
work needed to arrive at a standard wire and cable test to
determine if lesser separation distances could be called out, the
standard states - "such a test should be designed to provide data
on potential propagation to circuits above, below, and adjacent
to a cable fire." In the 1977 revision, the forward states that
"the distances that are given for separation between trays
required to be separated in areas of limited hazard potential are
based on current available data from actual cable fire situations
and are considered to provide an adequate degree of separation.”
In both revisions of the standard, the separation distances
indicated between trays are the same.

Consistent with the standard'’'s intent, the most severe hazard
considered herein will be an electrical fault of sufficient
magnitude and duration to cause a fire in the raceway. The
results of actual electrically initiated cable tray fire tests on
IEEE-I8T qualified cables performed by Sandia (Ref. 1) will be
used to provide the characterization of such a fire and to
evaluate a thermal analysis of a worst case configuration.

* The term "redundant" as used herein, applies to different
safety-related trains or safety and non safety-related trains.



Rissussign

In developing the separation details Currently on Drawing Ei-
1702-02 it was recognized that conduit provides a raceway medium
which effectively isolates interral events (e.g. faults) from the
external surroundings. In this regard, a conduit system provides
enclosure integrity which is superior to that of enclosed tray
with covers and/or solid bottoms and splice plates between
sections. Therefore, the same criteria required by the Standard
and Regulatory Guide specifically for trays need not be
arbitrarily applied to conduits.

In general, the separation distances required by IEEE-284 betwesn
redundant cable trays is three feet between trays separated
horizontally and five feet between trays separated vertically.
This separation applies to open ventilated cable trays in general
plant areas in which potential hazards such as missiles, external
fires, and pipe whip are excluded. Lesser separation is permitted
in limited hazard areas such as the cable spreading room where
the minimum required horizontal and vertical separation between
redundant trays are reduced to one foot and three feet
respectively. The standard requires that where these distances
are used to provide adequate physical separation:

(1) Cables and raceways involved shall be flame retardant

(2) The design basis shall be that the cable trays will not be
filled above the side rails

(3) Hazards shall be limited to failures or faults i1nternal to
the electrical equipment (raceways) or cables

Where termination arrangements preclude maintaining the above
separation distances, the standard requires that the redundant
Circuits shall be run in enclosed raceways that qualify as
barriers. A minimum distance of one inch is required between
these redundant enclosed raceways. Regulatory Guide 1.75, Rev.!
is in agreement with these provisions of the standard and for the
balance of this discussion, reference to the "standard" will
mean I[EEE-TB4, 1974 and Regulatory Guide 1.7%5, Rev. 1 as
applicable.

)



Figures 2 and I in lEEE-3B84 depict arrangements of redundant
cable trays enclosed with solid bottoms ard’/or covers which will
satisfy the separation criteria therein. Applicable details 1in
these figures are shown below.

‘.
E'“"”' S0LID T™Ray

- SOLIO TRAY COvER Lromsen ! Lo cwsionf
L1}
1*» OIvision r

et

FIGURE 2 FIGURE 3

In the above figures, the standard provides examples of "enclaosed
raceway". It should be noted however, that in Figure 2 the trays
are not totally enclosed as in Figure 3. Thus, as would be
expected, orientation of the raceway 1s obviously a consideration
as 1is the degree of enclosure which is commensurate with the
hazard potential. No examples of acceptable separation between a
conduit and a redundant cable tray are illustrated. However, a
one 1inch separation is implicit per Figure I when the trays are
enclosed and conduits are considered to be "enclosed raceways".
Separation requirements between conduits and open trays must be

determined by similar reasoning and analysis where required.

The CFSES separation criteria are consistent with the
requirements of the standard for tray separation and 1in addition,
define conduit separation requirements which are intended to
provide an equivalent level of protection for redundant circuits.
The results of cable tray fire tests (Ref 1) performed by Sandia
Laboratories for NRC (subsequent to issuance of IEEE~-284, 1974) ,
to confirm the suitability of then current design Standards and
Regulatory Guides, are supportive of the rationale used 1in
developing raceway separation criteria for CFPSES in 1975
regarding self-induced fire effects on IEEE-78= Qualified cables.

Details 4S5 thru 49, =2 thru %5 and 57 on drawing E1-1702-02
identify the balance-of-plant (BOF) separation requirements
between cable tray and conduit. (Detail 60 is a special case for
the Nuclear Instrumentation System (NIS) conduits which addrzsses
specific requirements of the Nuclear Steam Supply System (NSZS3)
vendor. These NIS conduit separation requirements wil! not be
discussed here, however in all cases the NIS requirements 2i1ther
meet or exceed the BOF conduit separation criteria.)

i



TH.-. details can be grouped into four basic Categcories:
’

1)Safety-related conduits located above horizontal trays of
redundant safety train (Details 46 and 48)

J)Safety-related conduits located adjacent to or below
horizontal trays of redundant safety train (Details 45, 47
and £7)

J)Safety-related horizontal or vertical conduits located
parallel to or crossing vertical trays of redundant safety
train (Details 52 thru 5%)

4)Non safety-related conduits located above, beside or below
safety-related horizontal or vertical trays (Detail 49)

In general, these details require a minimum of I-foot horizontal
and 3I-foot vertical separation in all general plant areas and 1-
foot horizontal and 2-foot vertical separation in the cable
spreading room. This separation is reduced to 1-inch only in
those instances where the conduit is considered to be an
effective Larrier as discussed below. .

The orientation of conduit and tray in the electrically-initiated
fire tests (Ref. 1) conducted by Sandia included all
configurations in categories ! and 2 above except for the conduit
running parallel with and 1-inch from the side rail of the ¢tray
as in Detail 45 of Drawing E1-1702-02. Conduits used in the
Sandia tests consisted of 3-inch schedule 40 pipe, whereas the
minimum conduit size used at CPSES is 1/2-inch rominal ID. An
analysis (Ref. 3) was performed to address these differences
between the as-built and test configurations and justify adequacy
of the CFSES conduit separation criteria.

The Sandia tests also demonstrated acceptable separation with
only 10.8-inch vertical spacing between trays, far less than the
minimum 24-inch required between a tray and redundant conduit on
Drawing E1-1702-02. It must be emphasized that in these
electrically initiated fire tests, "exposed" cables in overlying
trays were subjected to the high temperature gases (approximately
1000 F) from the fire without damage. This provides additional
assurance that cables in conduits at more than twice this
distance above a tray will be adequately protected.

The separation of vertical trays from conduits (category T above)
shown on Drawing E1-1702-02 is equivalent to that shown in IEEE-
T84, 1974 for redundant trays and therefore does not require
further Justification, particularly considering the additional
protection afforded by the conduits.



In comparing rigid conduit to an enclosed tray, 1t should be
noted that conduit has:

a, Heavier gauge body than tray - providing a more
effective heat sink than equivalent surface area of tray

b. Threaded connections providing an essentially air-tight
medium which inhibits internal combustion and
effectively isolates internal events from the
surroundings.

€C. Size limited to S-inch nominal ID thus limiting both
volume of cables (combustibles) contained and exposed
surface area.

d. Curved surface providing radial distribution of heat and
therefore much less favorable heat transfer
characteristics to or from an adjacent tray than a flat
surface of equivalent area.

Thus, when a conduit contains no safety-related (Class 1E or
associated) circuits (category 4 above), it clearly satisifies
IEEE-T8B4, 1974 requirements of a barriers. The barrier need not
limit damage of non-safety circuits to any level. Consequently,
only failures of the non safety-related circuits affecting
safety-r-elated circuits are of concern. Logically then, a conduit
containing non safety-related circuits can be placed up to 1-inch
from the top, bottom or sides of a Class 1E open ladder tray
since the conduit provides a protective barrier separated by at
least 1-inch from the Class 1E or associated circuits.

It is recognized that the converse is not true and conduits
containing safety-related circuits may require more than 1-inch
separation ‘/ 'om open trays of a redundant train depending upon
orientation of the conduit and tray. This has been considered in
the separation criteria shown on Drawing E1-1702-02 where 1in
general, the minimum required separation in any direction is 12-
inches or more. The allowable separation is reduced to less than
12-inches (l1-inch minimum) only when the conduit does not extend
above the side rail of the open tray.

*IEEE-JB4, 1974 defines a barrier as -- "A device or structure
interposed between Class (E equipment or circuits and a potential
source of damage to limit damage to Clauws 1E systems to an
acceptable level."
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Analysis were performed (Ref. 3) using finite element techniques
and computer heat transfer program HEATING-S to determine the
effects of an electrically~initiated fire in an cpen ladder cable
tray on a 1/2-inch conduit located 1-inch away either beside or
below the tray. Key parameters taken from reference 1
characterizing the tray fire were the vertical variation of total
heat flux (worst case from October %, 1976 fire in Figure 11 of
the report), flame and gas temperature, and duration of exposure
of the conduit to the heat source. The model assumed the heat
flux to impinge on an B-inch segment of conduit located directly
below the +fire . (This was considered worse than having the
conduit beside the tray where much of the radiative heat flu
would be blocked by the tray side rail.) The heat flux was
assumed constant in this region. This assumption is conservative
since the report (Ref. 1) indicated that "the flame zone does not
comprise a continuous line fire, but instead consists of one or
more "axisymmetric" luminous zones which are on the order of S to
8 inches in "diameter" at the base". No credit was taken for the
decrease in radiative heat flux with increasing distance (note
that conduits located 1-inch below ladder trays are actually more
than 1-inch away from the cables due to the height and thickness
of the tray rungs which raise the cables approximately 7/8-inch
from the tray bottom). No credit was also taken for blockage of
heat flux by the cables in the tray or heat absorbed by the
cables in the conduit.

The maximum temperature calculated on the conduit surface was 75

F(180.6 C)., This temperature cccured at a point directly helow
the c:enter of the flame (mid point of the B8-inch conduit
segment). Temperatures dropped sharply away from this point along
the conduit to about 240 F at 4-inches, and below 170 F at &~
inches. The maximum temperature calculated was not a steady~-
state value due tc the transient nature of the event
(approximately & minutes) as shown in Figure 10 of the report
(Ref. 1) for the October S, 1976 fire. The report characterizes
this fire as "one of the most intense and longest duration of
those studied".

Conclusign

The analysis performed presents a comparative basis for
evaluating the effectivenass of CPSES separation against cable
tray and conduit configurations used in actual fire tests. The
Sandia report (Ref. 1) referred to provides a characterization of
electrically 1initiated cable tray fires which, as stated in the
report, does not vary greatly from one fire to the next. One of
the objectives of the test was to use cables representative of
those used i1n the nuclear industry. The report indicates that 17
leading architect-engineer firms, 127 utility companies and |3



cable manufacturers were included in the industry survey which
preceded the testing. Twenty (20) different cable types were
screened on the basis o0f popularity of use, small scale
electrically i1nitiated cable insulation fire tests, UL FR-1 flame
test and pyrolizer and thermal chromatograph testing (which
measured i1nsulation outgassing as a function of temperature). The
cable constructions tested are representative of those used most
extensively at CPSES, namely XLPE and EPR insulations with CSFE
(Hypalon) jackets. The cables used in the full scale testing
were, as a worst case, all XLPE insulated, with single conductor

cebles having no jacket and I-conductor cables having an XLFE
Jacket,

Summarizing some of the more significant findings in the Sandia
Report:

a. In electrically initiated fires, the intense period of the
fire persisted at a particular location for between 40 and
240 seconds* before die-out began to occur. This is less
than the time required to consistently ignite a tray of
IEEE-387 qualified cables in the propane-fueled exposure
fires (typically 300 seconds).

b. In the electrically initiated fire, cables in the tray 10.5
inches above the donor (fire) tray were exposed to a
convective heat flux of about 6,000 BTU/hr/$t2 , which
corresponds to a local gas temperature of approximately 1000
degrees F. The circuits remained functional and samples of
the 1insulation from the bottom of the tray over the fire

zone which were given elongation measurements, showed less
than a 10 percent increase.

s The luminous zone of the electrically initiated fire was
optically thin which enabled immersed objects to radiate
heat to the cooler surroundings. Thus, equilibrium surface
temperatures of engul fed cylindrical objects varied from
about 1200 degrees F just above the tray to 650 degrees F at
a height of 10 inches. (Note that minimum vertical
separation of 24-inches utilized in the CPSES design is more
than twice this distance and maximum temperatures are

anticipated to be well below temperatures successfully
withstood during the fire tests.

d. In the electrically initiated fire, heat transfer to
immersed objects is convection dominated with radiation
accounting for no more than =0 percent of the total heat
flut, even 1n the luminous region. (Logically then, conduits
beside or below horizontal trays are shielded +from the
major, convective heat flux.)

*The high currents required for cabls ignition open-circuited the
conductors during this perind, removing the fault current.




Computer analyses (Ref. 3) of the effects of the most severe fire
encountered during testing (Ref. 1) on the smallest size conduit
used at CFSES (1/2-inch) resulted in a maximum conduit
temperature of approximately 181 C. Actual temperatures e pected
would be appreciably lower due to the assumptions made i1n the
analysis that the heat flux resulted from a continucus B-inch
line +fire and the fact that effects of distance and cable
blockage on the radiative heat input flux was neglected.

All safety-related cables used at CPSES have an emergency
overload rating of at least 130 C for 100 hours per
specifications, In addition, the cables are designed to withstand
temperatures up to 250 C under short circuit conditions. The fire
analyzed will therefore not subject the cables to temperatures
e:ceeding design conditions.

Additional evidence which supports the adequacy of CFSES concuit
separation 1s provided in the results of the propane-fueled
e posure fire tests (Ref. 2) also conducted by Sandia in which
conduits and trays were included. In these tests, 14 trays wersa
stacked 10.35-inch vertically and B8-inch horizontally apart.
Directly below each tray (except for the bottom tray e:posed to
the propane-fueled source) was a conduit containing additioral
cables. No separation was provided between any conduit and tre
tray bottom. Although all circuits in the conduits above the
third tray failed during the exposure fire (the conductors short-
Circuiting to the conduit and each other), circuits in the lower
two (2) conduits maintained circuit integrity throughout the
duration of the exposure fire. Considering that the fire in the
lower two (2) trays was more severe than in an electrically
initiated fire, being larger in size and of longer duration, the
results provide a conservative indication of the adequacy of
protection offered by conduits during the less severe electrical
fire even when installed as in the tests (with no separatiocn of a
conduit from the tray bottom, and conduits only 10.8S-inch above
an open tray) with significantly less separation than providad
for in the CFSES design (conduits separated a minimum of 1-inch
from the bottom or side of a tray and 24-inch minimum from +he
top of an cpen tray).

References
l. Sandia Report No. SAND?7-1i12%C

2. L. J. Klamerus, "Cable Tray Fire Tests" - 1EEE paper
A79091-0 (SAND77-1423)

-« Gibbs & Hill Mechanical Dept. Calculatian No. B0, Rev. 1.
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DETAILS: (Continued from Page 1)
Paragraph 4.11.3.2

minimum separation shall be one (1) inch.

between raceway of same train or channel.

See Separation Sketches "A" and "B".

DCA # 15,917
Page 2 of 3

There is no separation required
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Separation Sketch "A"
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CPRT-294

INTEROFFICE MEMORANDUM

TO: Howard A. Levin
FROM: John J. Mallanda
DATE: March 12, 1986

SUBJECT: Action Plan I.b.3 Design Observations

During the implementation of Action Plan I.b.3, "Conduit to Cable Tray
Separation", the Electrical Review Team noted two design observations that by
themselves did not indicate an adverse trend. However, I believe these
observations, since they involve design criteria, should be included with other
findings generated by the Design Adequacy Program (DAP) to determine if an
adverse trend exists.

The original issue as identified by the NRC is:

"The TRT found no evidence that the existing G&H analysis for establishing
the criteria for a l-inch separation between rigid conduits and cable
trays, as stated in G&H Electrical Erection Specification 2323-ES-100, had
been evaluated by the NRC staff for Comanche Peak. This analysis should
have been referenced in the FSAR."

Upon investigation of this issue, the Electrical Review Team noted the following
two design observations:

1) No analyses existed when the original criteria was incorporated into design
and construction documents. The basis appears to be engineering judgment
based on experience with other nuclear projects. The one inch separation
between safety-related conduit and cable trays was originally sent to TUGCO
via Gibbs & Hill letter GTN-244] dated February 19, 1975 which included the
document, "Criteria for Separation of Class 1E Equipment and Circuits".
Additional criteria involving conduit above cable trays was added to the
Electrical Erection Specification 2323-ES-100 via DCA-6132, Revision O,
dated November 16, 1979, Again, engineering judgment appears to have been
the basis.

2) The Gibbs & Hill analysis eventually used to verify the adequacy of a
one~inch separation between conduits and cable trays contained inconsistent
assumptions after design review was complete. The latest revision of this
analysis {s attached to letter GTN-70439 dated August 20, 1985, and the
Design Review confirmation was transmitted via GTN-70614 dated September

23, 1985,




CPRT-294
Page 2

Two assumptions that were considered inconsistent are:

- The analysis states that the smallest conduit size is the worst case
since the only heat dissipation considered is convection. However,
the equations presented indicate that the largest diameter would give
the highest temperatures (worst case). Subsequent analyses indicate
that the smallest size is indeed the worst case.

The assumption that a three foot sectlon of conduit would be at the
maximum temperature is inconsistent. Subsequent analyses indicate
that the maximum temperature is at the point in the middle of the
flame region and temperatures die away rather rapidly as the distance
from the flame increases.

Several other assumption were considered questionable. For example, the
analysis assumed that a one-inch conduit was the smallest size. Specification
ES~100 indicates that 1/2 and 3/4 inch conduit were used at the site. A
wvalkdown has not been performed to determine the smallest conduit routed
one-inch from a redundant open cable tray.

Attached for your information and use are copies of the documents noted above.

If you require any further information please contact me or Bob Bizzak. Please
let me know what your conclusions are regarding the above design observations.

J .
JIM/1s

ce: T, G, Tyler (w/o attachments)
R. J. Bizzak (w/o attachments)
CPRT File I.b.3 (w/o attachments)
CPRT File (w/o attachments)
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Sandia Laboratories
Albuquerque, MNew Mexico

(SAND77-1125C)

Abstract

Funds were authorized by the Nuclear Re
to provide data needed for confirmation of the suitablility of
cutcent dosign ntandazds and fregulatory guides for fire protection
and contiel in water feactor power plants. This paper summarizes
the activities of this Program through Mareh 1977, It descrihes
4 Survey of industry in order to determine cutrent design pructicahe,
The adequacy of cable tray spacing designated in Regulatory Guide
1.75 was chosen for evaluation, Using electrical cable types
curtrently being selected for new nuclear power plant eenstruction,

a screening test was designed and completed to select two cable
constructions whiech were used Al Subscquent full scale tests.
Seven full scale tests were fun and :esulted in no functional
davwage to cables in trays adjacent to that cable tray in whieh
a fire was electrically initiated. Characterization of these
fires was made and reveal a margin of safety in the separation

critecia of the regulatory guide for electrically initiated fires
in ICEC-38) qualified cable,
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Introduction

The Office of Nuc)car Regulatory Rescacch of the United States
Nuclecar Reqgulatory Commission is coaducting confirmatory reseatch
in areas considcred important to protecting the health and safoty
nt the public. Fire protection, as establiched by NUREG-0050,
"Recommendations Related to Browns Fercy Fite," is one such
critical area of resecarch.

The objectives of the Fire Protection Research Project at
Sandia Laboratories acte (1) to provide data :ither to confirm
the suitability of current design standards and regulatory guides
for [ire protection and control in light water reactor power
plants or to indicate arcas where they should be updated;

(2) to obtain data that will provide improved technical basis
either for modification of the standards and quides or for new
ctandards and guides if necessary. Such changes ate to be made
where appropriate to decrcase the vulnerability of the plant to
{ire; to provide [or better control of fictes; to mitigate the
¢ffcess of fires on plant safety systems; and to remove unnecessary
design restriction; (3) to obtain fire effocts data for water
teactor safety system equipment and to assess improved equipment,
dusign concepts, and fice prevention data an? methods that can

Le used to reduce vulnerability of plant safety to fire.

When the project was initiated in July 1974, the only task
assigned was to provide the experimental and analytical information
to evaluate the adequacy of cable tray spacing designated in
Requlatory Guide 1.75, "Physical Independence of Electrical
fyostems, Scction 5.14, General Plant Areas.” This section of the



guide covers separation of protective cystems in areas of the
plant where power cablec are included and the only sougce of
fuel is that provided by the cablec materials. All evaluatiions

were to involve the testing of equipment and confidyrations
representative of those going into new nuclcar power plant designs.

It was decided that a survey of industry should be made to
determine current design practices. The cooperation by members
of the nuclear power industry was outstanding. Either personal
visits or correspondence elicited responses from 13 leading
architect-e¢engineering firms, 13 utility companies, and 13 cable
manufacturers. Three nuclear power plants were also visited,
although design practices of existing nuclear power plants were
not included for evaluation. Information obtained during this
survey has proven very valuable in determining cable constructions, -
cable tray constructions, cable loading, and types of cabic '
assignments in cable trays. The survey also solicited information
about previous incidents and experiences including the cable
tray f{ire at San Onofre 1 in 1968 and the subsequent investigation \
to determine the causo.z

A primary concern was to insure that the test facility
truly represented the reactor plant arca. The discussions with
architectural and engineering firms were particularly valuable
for imprtoving the realism of the proposed tests.

Since we had been warned of the difficulties of electrically
initiating a fire in power cable it was decided early in the
SFB)oct to conduct the test with 12 AWG, the smal.est power
cable normally used in nuclear power plants in order to minimize

‘ the ampecage demands in the test sctup. A preliminary heat transfer
'f; analysis was also performed at thac early date. A rough analysis

)

\

was all that was considered necessary to detormine the approximate
current required to raise cable insulation to a combustible
temperature and to determine if the conductor tempecrature is at

its melting point (1003°C) when the outside of the cable insulation
L8 ai its conbﬂtzfon temperature., The analysin showed that

/98)°F




cusrents in the range of 100-120 amperes would raise the cable
insulation to its combustible temperature. This agreeq with
subsegquent testing.

With the results of the survey and the preliminary analysis
as guidelines, a test facility was developed to perform full
scale testing of cable fires of electrically initiated origin.
Although it was originally intended to test all known types of
cable currently specified and acceptable for use in nuclear power
plant design and construction, the large number of cable types
coupled with budget limitations precluded such broad testing.
Therefore, screening was indicated that would lead to selectiovn
for testing of two typical cable types that would be most likely
of propagating a fire and would present a conservative approach.

Cable Screening Tests

A survey of utility cénpaniul. architect-engineering firms,
and cable manufactureres, ascertained their p:~ferences of ingulation
and jacket materials. The inquiries stipulated that the cable types
must be those currently being installed in or would be included in
the design of nuclecar power plants. As a'rocult of this constraint,
all cab%c types suggested were capable of passing IEEE Standard
Jal-4.

There were thirty-nine replies from industry which cited 20
different cable types that were being considered for use in
new construction, Screening was necessary to cut this list
to manageable size and allow full scale testing to proceed,
The first cut was made on the basis of popularity. The leading
types vere crosslinked polycthylene with or without some jacket

material (34 percent), EPR with a liypalon jacket (23 percent),
and EPR with a Neoprene jacket (19 percent).
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Considerations of the cost of filling cuble trays in a full
scale test prompted a further screening test to obtain two different
cable typec that were "most likely to prooagate a fire.® The
screening teuls weore nerformed merely to runk the various cable
types in some manner. The relative diffcrences hetween results
were small thereby subjecting the conclusions to dispute, especially
if proprietary intcrests were involved., When burn length differences
are measured in millimeters, as they were in one of the tests,
it is difficult to attach true significance to those differences.

The relative ranking of the cable types was based on three
different evaluations. They were chosen to complement other
svaluations, not to duplicate them. The oxvgen index test which
has been done vn all of the cable insulation types under con=-
sideration i3 a case in point, The thrce types reported here
are a small scale electrically initiated cable insulation, fire
test, Underwriter Laboratories FR-1 (lame tcst.‘ and a pytolyzer
and thermal chromatograph test (measure of insulation outgassing
as a function of temperature).

Electrically Initiated Cahle Insulation Fire Test

To determine the amount of current nceded to produce a flame,
five small scale tests were performed on five different electrical
cables. The cable types were:

Cable #1 - Single conductor #12 AWG, 45 wil (1.14 mm) EPR,
JO mil (0.76 mam) fNypalon jacket, 600 V.

Cable #2 - Single conductor 12 AWG, 47 mil (1.19 am)
chlorinated rubber (proprietary), 47 mil (1.19 mm)
chlocinated polymer (proprictary) jacket, 600 V.

.

Cable 13 ~ Single conductor 112 AWG, 47 mil (1.19 mm) EPR®,
15 mil (0.38 mm) Necoprene jacket, 600 V.,

- —— - — -———
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Cable #4 - Single conductor §12 AWG, 30 mil (0.76 mm) cross~
linked PE, no jacket, 600 V (Suppliecr B).

Cable §5 - Three conductor #12 AWG, 30 mil (0.76 mm) cross-
linked PE, silicon glusy tape, 65 mil (1.65 mm)
crosslinked PE jacket, 630 V (Supplier A).

figure 1 shows how the cables were arranged in a cable tray
for each test. Current was increased in increments of 5 ampercs
every 10 minutes until a flame was observed. Cable f1 flared
at 1}3‘..g', Cable 12 flamed at 130 amps, Cable #3 flamed at
124 amps (while increasing to 1i§TT-E:Elc $#4 at 120 amps, and
m——
Cable #5 at 120 amps, The upread of currents measured and
observations of flame extent ([lawces extinguished shortly after
the conductor open circuited) make 21l results appear close, but
t;T:?T;:-pOlitians were assigned with the better cables Deing

the onss with the highest current for flaming to occur.
FR-1 Flame Test
Underwriter Laboratories FR~1l Flame Test was chosen as another i
screening test. It was not intended to De used as a pass-fail
test (for which the test was devised) but to establish a rank
based on length of burn and burn damage. It was expected that all
cables tested would pass this test, and they did. In order to fail, ~
the paper flag 10 inches (254 mm) above the flame impact point must
burn. Sce Figure 2. 7

The test was conducted in a three-sicded metal enclosure
undcer an exhaust hood. The metal enclosure was 12 inches (305 mm)
wide, 14 inches (356 mm) deep, 24 inches (610 mm) high, and the
top and front were opan. An 18-inch (457 mm) specimen cut from a
sample lcngth of cach cable was secured with its longitudinal
axis verticul in the center of the enclosure. Figure 2 shows
the test configuration.
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A Tirrell gas burrer (which differs from a Bunsen burner
in that the air flow as well as the flow of gas is adjustable)
Supplied the fiame. The barrel of the burner extended 4 inches
(102 mm) above the air inlets and its inside diametor vas 3,8
inch (5.5 mm)., While the barrel was vertical, the overzl) height
of the flame was adjusted to § inches (127 mm). The blue inner
core was 1-1/2 inches (38 mm) high and the tenperature at jts
tip was approximately 815 °*C (1500 *F).

A wedge was sezured to the base of the burner to provide
2 sloping surface of 20 degrees from the vertical., Tris wedge
was positioned to Place the point A 1-1/2 inches (38 mm) from the
pPoint B, Pigure 2. Point B is the Point at which the tip of the
blue inner core touched the center of the front of the specimen.
A .alf-inch (13 mn) wide strip of kraft paper was attached around

See Figure 3.

The test procedure was to apply flame to point B for 15§
seconds, turn it off for 15 seconds, on again to point B
for 15 seconds, ecc., for a total of five 15-cecond applications
0f the gas flame to the specimen with 15 seconds between applications.
In no case was the specimen flaming from the previous applic;tion
of ti:e flame when the 15 second "off* Period had ended. The
duration of flaming of these Specimens after each removal of the
gas flame never exceeded five seconds. After the cable spccinenn
cooled, burn lengths were measured beginning at point B,
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Eiyht cables were used as test cpecimens.'

Cable ] -

Cadle $2 -

Cable 3 -

Cable #4 -

Caple §5 -

Cable §6 -

Cable 17 -

Cable #0 -

Single conductor #12 AwWR, 45 mil (1.14 mm) EPP.
33 mi1l (0.76 mm) Hypalun jacket,.600 V.

Three conductor #12 AWG, 15 mil (0.38 mm} EPR,
60 mil (1.52 mm) Hypalon jacket, 500 V.

Sinjle conductor #12 AWG, 47 mil (1.19 mm}
chlorinatcd rubber (proprietarv), 47 mil (1.19 =m)
chlorinated polymer (proprictary) jacket, 600 V.

Single conductor #12 AWG, 47 mil (1.19 mm)
chlorinated rubber (proprietary), 65 mil (1.65 mn)
chlorinated polymer (proorietary) jacket, 600 V.

Three conductor $12 AWG, 47 mil {1.19 mm)
chlorinated rubber (proprietary), 65 mil (1.65 mm)
chlorinated polymer (proprietary) jaciot. 600 v,

Single conductor #12 AWG, 47 mil (1.19 mm) EPR,
15 mil (0.38 mm) Neoprene jacket, 600 V.

Three conductor #12 AWG, 30 mil (0.76 mm) crosslinked
PE, silicon glass tape, 65 mil (1.55 mm) crosslinked

PE jacket, 600 V (Supplier A).

Single conductor #12 AWG, 30 ail (0.76 mm) crossliniea

°F, no jacket, 600 V (Supplier B).

'niqht cables were used ih the two screening tasts requiring short

samples while five were used in the clectrical test requiring

longer samples.

If those three which had not seen all three

tests had Leen marginal pecformers additional lengths would have
been oLtained and given the elestrical test.
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Comparative recults from UL FR-1 test were:

Cable Type Burn Lenath (mm) Comments’
; . . N\ ‘,./‘ . . N
— " .
i 76.2 o5 jacket opened
12 4.5 jacket not openecd
$3 *50.2 jacket openecd
e 63.5 jacket opened
5 63.5 jacket not openza
16 61.0 jacket opened
.
L} €9.9 jaclet opened
i8 73.7 no jacket

Pyrolizer and Thermal Chcomatograoh Test

The last screening test used a pvrolizer on 2 thermal chromatograph
interfaced to a gas chromatograph/mass spectrometer. Thermodecou-
position chromatographs were obtained as a function of temperaturec
and the area under each curve was measured. Approximately 50 mg
of jachet material was used in each test and the temperature of
the specimen raised from ambicent to 600 °C at 20 °C/min. The
material driven off below 300 °C wis analyzed to test the hypothesis
that large amounts of material driven off at lower temneraturcs
was an undesirable characteristic. Since outgassing of combustible
materials or fire retardants at these low temperaturns was tucorized
as being undesirable, larger areas under the thermodecomposition
chromatographs were assigned an urdesirable rating. FPigure 4
shows a3 typical chromatograph.
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The normalized areas on the chromatographs for the same cahle
types previoucsly described in the UL FR-1 test are:
Cable Type Normalized Areca
i1 1.2
2 1.6
3 4.3
2 .
3 f4 4.6
1
i s 18
' .
b
t6 1.0 .
t .
t L 4.9
i8 b I

Screening Test Conclusions

Although the small scale electrically initiated cable inculatiens
fire test and the UL FR-1 Pire Test indicated none of these catles
would be capable of Propagating a fire (in support of IECE 383 cuali-
fication) cables §7 and §8 in the last two tests (came as cables ¢4
and #5 in the first test) were designated as the cable types to be
used in the full scale tests by a relative figure of merit. Work
performed in Europe in 1975s on radiation and fire resistance of
cable-insulating materials was tecently brought to our attention and
is 11 good agrecment Qi:h our ratings,
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Full Scale Testing

Three phases of full scale testing have been completed. All
involved clectrically initiated ficres in horizontally o:xontcd‘--
cable trays. The first phase was intended to evaluate the adequacy
of cable tray spacing as designated in Regulatory Guide 1.75,
“Physical Independence of Electrical Systems, Section 5.14, General
Plant Areas." For this phase vertical separation of independent
division is designated as 2_5::: (1.52 m) and the horizontal
separation as 3 feet (0.91 m).

B

The second phase was concerned with varying the gseparation
distance between cable trays. Phase three thuifkd a stacking
or matrix of fourteen cable trays as one division with cable trays
representing the secord division separated by distances as specified
in Regulatory Guide 1.75. The vertical and horizontal separation
in the first division was 10.5 inches (0.27 m) and 8 inches
(0.20 m) while the sepiration between divisions was 5 feet (1.52 m)
and 3 feet (0.91 m). All testing iavolved equipment and cables
representative of that goina into new nuclear power plant designs.
See Figures 5, 6, and 7 depicting the three different test sctups
for the three phases.
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Coupons of aluninua. galvanized iron, and mild steel were hung
in the building and periodically removed for corrosion analysis. A
profilometer is used for this purpose and has not shown significant
corrosion products.

An oxygen analyzer and gas sample manifold were installed ar-
gas samples were taken before and during the fires. There was no
depletjon of oxygen found in the fire arca. Flame retardant
antimony bromide and an organophosphate were found in the gas
samples as well as'a high molecular wax material.
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Remote controlled cameras were installed for closed circuit
television, color mevies, photographic thermometry, and infrared
thermoaraphy. Teclevision was used to monitor the testing and
in determining the proper time to attempt qas ignition (explosive
bridgewires and electric matches were spaccd over the ignition
point and simulated arcing), to take gas samples, and to start
movie cameras. The movies not only provided a record of the
event but gave information on the ignition mechanism as well as
measurement of flame velocity. Despite a lack of success in
igniting the gases with simulated arcing tﬁzinovies show the
conbustible gases do indeed ignite as the flame producing
mechanism, Measurement of flame velocity was needed so that
the convective heat cransfer coefficient could be calculated.

The photographic thermometry and infrared thermography were to
supplement the discrete spatial measurements taken with thormo-
couples and slvg calorinmeters. .

On each test & minimum of 31 thermocouples and slug
calorimeters were placed in the test setup and connected to
recorders. Results of these measurements are discussed in the
following section on the characterization of the fires.

Air velocity was varied somewhat during the tests because of
conflicting opinions on worst case conditions. Opinions varied
betweer zero flow, which might be encountered in a cable spreading
roor, to high air velocity providing abundant oxygen, which might
be encountered near an exhaust fan in the open plant area. Az
A compromise, air velocities for the different tests ranged between
2 ft/min (0.01 m/sec) and 130 ft/min (0.15 m/sec). Thesc measure-
ments were made with a hot wire a emomotet bafore each test;
only fan exhaust velocities were nonitored during the test.

Seven full scale tésts were run in the three phases previously
desccribed. Spacing was reduced in pho~: two to 10.5 inches (0.27 m)
vertically and 8 inches (0.20 m) horizomtally. In all seven tests
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all circuits other than the ignition tray circuits rci;ained

functional, This was determined by operation of these circuits ¥
for some period of time after the test. 1In addition, Sampleg gof

the cable insulation at the bottom of the tray over the fire zone

were given insulation elongation measurdazﬁh;—io determine mechani-

cal change. These measurements showed 1933_52:341=ln1_in2129§g

in elongation due to the fire. Quite often this small increase
is attributed to a gmall change in crosslinking due to heat.

Characterization of Cable Tray Fires

Characterization of the cable tray fires is based upon a review
of the data that were collected in the full scale testing described
above.

The sources of data include: '

1. Color Movies

2. Radiation Thermometry

3. Slug Calorimeters and Thermocouples
4. Thermovision (infrared detection)

This information is used to investigate the following
Characteristics of the fire:

1. Size and Duration

?. Flame Temperature -~

3. Gas Velocity -

4. Optical Thickness {apparent emissivity)

Consideration is also given to the thermal response of
simple cylindrical objects which are engulfed by the fire.
Approximate calculations provide estimates for:

1 Convective and Radiative Heat Transfer
2. Equilibrium (Steady-State) Surface Temperature

These iane attemps to use the data to evaluate the likelihood
of flre spreading to an overlying trav. hecause this requires

consideration of the geometric arranqebent of the cxposed cables
and the kinetics of decomposition®,
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It is emphasized that the measurcments ard analysis techniques
are approximate in nature, and are intended only to provide
an overview of the gross characteristics ol the fire. Within this
framework, thé data are found to be self-consistent aﬁﬁ in reasouable
agreement with theoretical expectations and comgpra;ive data.

Color Movies

Observation and analysis of the 16 and 100 frames/second
motion pictures of the cable tray fire tests have proved enlightening
in characterizing cable fires. (Figure 8 is an illustrative
sequence shot at 16 frames/second.) FPor example, the following
observations tend to characterize the pictured fires.

(1) The flame zone does not comprise a continuous line fire,
but instead consists of one or more "axisymmetric® luminous
zones which are on the order of S to 8 inches in "diameter*
at the base. '

(2) Although migration along the tray may occur, the ptoﬁagation
is quite slow. '

(3) The height of the luminous zone varies rapidly, ranging

from S to 10 inches above the burning triy.

(4) The time scale for variations of the luminous zone extent
is on the order of 1/10 second.

(5) The flame is turbulent with luminous eddies clearly visible.

(6) By tracking the upward progress of small luminous eddies
which are shed from the flame, the gas velocity (time-mean)
is estimated to be in the range from 3 to 4 feet/second
(0.9~1.22 »/s) Vaciations from this range are quite small,
even over a large number of measurements in different cable
tray fire tests. Also it does not appear that velocity
is decreasing substantially in the vertical direction,
at least in the first foot of rise.

These ehafactorilticc of the cable fi-es do not vary greatly from
one fire to the next, even though significant variations in the
duration are observed.
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Plame Tompcratures

Fadiution thermometry is used tc determinc the temperature
distribution in the fire. At chosen times, photographs are
taken through two different narrow band filters @Ax = .03u)
which are centered 2* A = .55, and A = .654. “The negatives are
scanned with a microdcnsitometer to determine the expcsure dis-
tribution. The intensity of radiation received along a particular
line of sight is found by a comparison of the exposure at a
particular point (small area) on the negative with that produced
by a calibrated lamp which ig also in the field of view. The
"brightness temperature® or corresponding blackbody temperature
for each point is then calculated f:rom the Planck function.7

A typical plot of the isotherms (brightness temperature)
obtained from the radiation thermometry is included in Figure 9.
All aroan enclosed by the i{sotherms are at temperatures above
" 1260°k%" the lower cutoff on scnsitiv;;y of the film. Maximum
temperatures are roughly 1500°K. rigurc 9 also shows the varia-
tion of temperature with horizontal position, taken as the hottest
vertical location just above the tray (Section A=A in isotherm plot).

Since the flame zone is not optically thick, the apparent
emissivity is less than unity and it is necessary to correct the
temperature noasutencnts.’ However, the magnitude of temperature
corrections is relatively small. For example, a five-fold
reduction in apparent monochromatic emissivity (ed = 1.0 - 0.2)

. only requires a correctior of about 100°K between the true
temperature of the flame and the above brightness mcasurements.
The measured flame temperatures are well below adiabatic flame
tem; ecature, and are in agreement with theoretical cprctations.e

L Thermocounles and Calorimeters

1

The array of thermocouples and copper slug calorimeters
above the ignition tray provid.s two types of information:
(a) heat fluxes (combined convection and radiation)
that are determined from the transtcnﬁ temperatuce
response of the calorimeters;

- — -
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(b) steady stete temperature which may be significantly
lesc than the local gas temperature due to radiation
through the flame

Figure 10 chowe the temperaturs respense of selected
calorimeters (Noc. 1, 7, 9, 4nd 1l). and a sheathed thermocouple
{No. 2) for *he fire tes:t of 5 October 1976. fte.separation
between cable trays is approxirately two feet. This particular
fite is one ¢f the most .ntence and longest duration of those

" studied. It is scer that the intensity of the thermal environment
falls off very rapidly in the region from 5 to 1l inches (.13 to
.28 m) aboveg the fire, This'hetht roughly correspe..ds to the
the upper cdge of the luminous zone.

In view of their relatively slow time resronse, the calori-
meters and even the thermocouple rarely reach a quacisteady
temperature levecl. Illowever, in the fire test of 5 October 1976,
thermocouple No. 2 reaches and holds 1150°F for a short period
at early and at late times, and in the intervening perio8 the
temperature is clearly steady at 700°F. These quasisteady
temperatures are confirmed by similar data from calorimeter No. 1
which is also located about 3/8 inch (9.5 mm) above the burning
tray. It 1s noted that these temperatures do not represent
local gas temperaturecs, but rather the temperature of a surface
imnersed 1n the flame.

Figure 11 shows the variction of cold-wall heat flux with
height above the burning tray for several fires. Each of these
data points is calculated fro~ the initial slope of the tempera=-
ture vs. time curve for a particular calorimeter. It is seen that
a significant reduction in heating rate occurs from the base of the
flame to the upper creach of the luminous zone. Although these
are significant variations in heat flux distcibution from one
fire to the next, the two more intense fires (October S and
November 15) are very similar, as are three lesser fires (July
21, August 13, and December 16). It is likely that some of
the differences are due to unintentional changes in position
of the instrumentation relative to the flame zone because the
exact Jocation of the flame could not be controlled.

- -
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Thermovision

An infrared detection system marketed under the trade name
"Thermovision” was used to monitor the cable tray tiEe tests,
The field of view is continuously scanned by a mirror system,
and for each point in the field the amplitude of ého voltage
signal from the dotector is converted to a gray "color level”
(intensity) which is displayed on a black and white monitor.
A movic is made from the monitor to provide a qualitative overview
of the development of the fire, and at later times particular
frames are extracted for quankitatxvc analysis.

Selected frames from the thermovision movie are scanncd by
a microdensitometer to obtain a quantitative map of the degree
of exposure. The exposurc levels are then interpreted as
levels of IR radiation intensity dsing the calibration charts
- provided by the manufactu:er. N

Since the broad band (thermovision) measurement of IR intensity
is fairly sensitive to the effective flame emissivity, this IR
intensity can be used in conjunction with the previous estimates
of flame temperature to calculate the flame emissivity. Based on
the procedure described by Sato and natsunot09 the total emissivity
of the flame is found to be on the order of ¢ = 0.15. When this
result is compared with the theoretical calculations of Felske and
Tienlo. it is concluded that particulate (soot) concentrations in
flame are on the order of 10" cn’/cn’, whiecn falls Qtthin the expected
range of conccnttaeion.ll'lz

Analysis of Fire Test Data

leat transfer from the flame to an engulfed object occurs
by both convection and radiation. Although the calorimeters
provide a measucrement of total heat flux, it is also of interest
to know the relative importance of convective and radiative
contributions. The following paragraphs outline some approximate
calculations which ansser this question and at the same time
show that all of the measurements (flame temperature, total
heat flux, vclqcity, infrarcd radiation, thermocouples) comprise
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a reasonably seclf-consistent characterization of the cable tray
ficres.

At a locztion just slightly atove the burning ctray we have the
following mcasurements of {lame temperature, total emiscivity,
and Tlame velocity: Tt = 1300°K, @ = 0.15, V> 3 ft/sec. Using
this velocity and properties of air, the mcan convective heat
transfer coefficient for a small cylindrical cbject (e.g., 3/8"
colorimecter) is approximate1y13 h =7 aru/h:/z:2/°r. The convective
and radiative contributions to the cold wall heat flux can then
be separately calculated as follows:

9

O»s

-{2%‘71 - rcv) = 13,000 BTU/he/ft2

4 4
r - Cd(Tt . Tcw

0
)

) =~ 7,000 GTU/hc/fe2

This shows that convection accounts for about 67% of the total
flux. Note that the total heat flux (convection and tadiation)
is in good agreement with the calorimeter data shown previously -
in Figure 11. '

In view of the above calculations, it is useful to reconsider
the vertical variations of cold-wall heat flux .hown in Figure 11.
It is seen that the heat flux is roughly 13,000 BTU/hr/ft2 (trs
nominal éonvection rate) at a height of S to 7 inches (0.13-" .18 m)
above the tray. From the color movies, this level also corresponds
to the time-mean height of the lumincus zone. ¢ is therefore
expected that convection dominates above this level. In the
upper nonluminous region the gas temperature fallr off rapidly
due to entrainment of cool air and turbulent m ‘ing. At a height
of 10 inches (0.25 m) above the [ire the cold-wall heat flux
is only about 6,000 lru/hr/ftz. which corresponds to a local
gas temperature of 1000°F (900°K), assuming convection alone
and a velocity of 3 ft/sec (0.9)1 m/seé).

Since the flame is optically thin, a_ ndrical object
placed in the fire (thecmocouple, calorimeter, cable) will,

if the fire continues long enough, teach an cquilibgiym temp-
erature which is well below the temperature of the surrounding

- —— —
=
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medium, This steady-ctate surface temperature Ts can be
estimated from the folivwing enerqgy balance in which heating
of the surface by convection and radiation i5 equated with the
cooling afforded by radiation from the surface which- passcs

through the flame to the cool surroundings at T’

B(r-r) « tofrt-1d) e 1 -0r0 (78-1d)

At a point near the tray, T = 1300°K, 7 = 0.1, and h = 7. These
values give a steady surfaoce temperature of about 1100°F (870°K),
in good agrecement with the quasisteady temperature roco:dzs_g;—_'
thermocouple No, 2 in Figure 10. "Note that calorimeter No. 1 |
also approached this temperature befcrs tie fire began to die out.

It is interesting also to calculate the equilibrium surface
temperature at a height of 10 inches (0.25 m) above the tray.
Baced on the mcasurement of cold-wall heat flux the local gas
Lemperature was estimated as 1000°F, assuming convection alone.
Using the cteady energy balance with T = 1000°F, the equilibrium
surface tempecrature at the 10 inch (0.25 m) level is approximately
650°F.

The above es®," :tes of equilibrium surface temperature ace
indicctive of the - :ady state surface temperature of a single
electrical cable w/ .ch is subjected to fire. 1In an overlying |
tray, cables atre c'as3cly spaced and the details of the geometric
coi?TEG?E:tou becrr-o i1mportent. Thus, higher sut!acg_;gggglgszifs

p:opablz are attai- .ole because radiant losses from the expoced
ble are blocked b adjagent cables and convective velocities

may be higher than 1. the single cable confiquration. On the
other hand, +.c durat,c~ of the fire may not be sufficient to
tcalize equilibrium cor.itions, as was usually observed with
thermocouples and slua calorimeters in the test fires. In any
case, tha temperature of exposed cables cannot exceed Sff

temperature of the -urrounding medium which is estimated as
rouqhly 1000°" ar - height of 10 inches (0.25 m).

I -l e 4
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Summary of Characterization

Essential fcatures of the cable tray fires are outlined
below. Although based on worst case conditions, thesc observa-
tions are genecrally representative of the entire ‘'sequence of
fire tests.

(1) The intense period of the fire persists at a
patticular location for between 40 and z:q seconds
before die-out begins to .ccur (e.g., 240 seconds in
Pigure 10). s

(2) The luminous flamc zones fluctuate rapidly between
4 and 10 inches (0.1-0.25 m) in height.

(3) Gas temperature in the luminous zone is toughly
1900°F (1300°K).

(4) Gas temperature at Lg inches (0.25 m) above the burning
tray is estiTated as 1000°F. .

(5) Velocity of rising gasses is approximately 3 to 4
feet/second (0.91-1.22 m/sec).

(6) The luminous zone is optically thin with an apparent
emissivity on the otder of T = 0,1.

(7) Heat transfer to immersed objects is convection
dominated with radiation accounting for no more than
30% of Lhe total heat flux, even in the luminous
tegion.

(8) Equilibrium surface temperature of engulfed cylindrical
objects varies from about 1200°F just above the tray
to 650°F at a height of 10 inches (0.25 m).

Although the above measurements and analytical estimates ace
approximate, they are indicative of the gross characteristics
of the fire.

It is noted that the present cable tray fires differ greatly
from latge fires which are often considered in safety studiecs.
Due to the small physical dimensions of the present flame,
radiation from the flame is less than 20 percent (¢ < 0.2)
of that encountered in large fires, and convection thercfoce
dominates. 1In large fires convection usually accounts ! less

At | e w— B e cn— - -
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14
than 25 percent of the to’al heat t:ansfer . Also, objects
immersed in a large fire will eventually rcach tempct&ture
equilibrium with the flames. . This may not occur in the
optically thin cable t:ay fires because an eﬁquite& sur face
is able to radiate through the flame to the cool surroundings.
Thus, the cable tray fires comprise a considerably less severe
thermal environment than a large fire, even though the flame
temperatures are of co-pa:ablt magnitude for the two cases.

Summary and Conclusions

The ficrst objective was to obtain data through experiments to
aid in evaluating the effectiveness of cable tray separation as a
means of assuring functional integrity of redundant safety systems.
y, The first task undertaken to meet this objective was to survey the
’ industry in order to deteimine curctent design practices particularly
with regard to the materials used. Of these materials primary
interest was focused on types of electrical cable constructions being
used in new nuclear power plant design. A screening test was upplied
to these types in order to concentrate on two electrical cable con-
structions representing a conservative approach. The evaluation
\ covered separation of protective systems in areas of the plant where
power cables are included and no source of fuel exists except that
- provided by the cable materials. Thus, all fires in this project
4 have been electrically ini’iated.

Seven quick-look upotnu'z1 and a progress t.pottzz have

been issued describing full scale tests included in the period
covered by this paper. Separation distances between cable trays
e of 5 feet (1.52 m) vertically and 3 feet (0.91 m) horizontally

' wvere used in phase 6ni tests. Four tests were run in phase two
with spacing reduced in stages to 10.5 inches (0.27 m) vertically

S —— —— W W @ e —— - L ——— - ——— . — — — . e — T c——



and 8 inches (0.20 m) herizontally. Phase :hree involved three

tests of a large matiix of trays arrang2d in such a manner that

14 cable trays closely spaced represented one division while 3

trays separated 5 feet (1.52 m) vertically and 3 feet (0.91 m)

from that matrix represented the redundant division. In all these
tests an overcurrent in one or two 12 AWG conductors of an electrical
cable in an open cable tray was the source of fire. Trays wern
filled with electrical cable to the top of the 4 inch (0.10 m)

siderails. g
—————————

Fire initiation appears to be from combustible gas initiation
as seen in pictures taken during that tire pecriod. Typical of
this initiation is the sequence taken during initiation of a
fire on November 15, 1976. Thic is shown by Figure 12 where the
gaseous ignition appears beyond a photometric calzbtation lamp.

The maximum duration of any fire obtained was 29 minutes with
the mcan time approximately 6 minutes. At no time did the cables
‘IE‘E?E;I’E:.pxacea from the ignition tray begin to burn. All
circuits in these trays remained functional and elonjation measure-
ments taken of insulation closest to the ficre showed no major
(<. 10%) change.
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IT.b Concrete Compression Strength

QUESTION:

1.

Paragraph 2 on page 13 of ISAP II.b Results Report refers to errors in the
Schmidt Hammer test program identified by third-party review, and refers to
them as "not significant." Provide the basis for your concluding that the
errors are not significant.

RESPONSE:

The statement in the II.b Results Report regarding the "error rate"
relates to our initial use of an incomplete population (concrete
volume established by identifying truckloads poured during each of the
periods under evaluation) and subsequently determining a more complete
though not exactly complete population. In the Results Report we
conclude that the "error rate" in not exactly determining the
population size was not significant.

The initial evaluation of the hammer indication data (101 data points
for the CAI and 99 for the CC) was conducted on an incomplete
truckload population (see transcripts of TUGCO-NRC meeting of 3/6/85
and F. Webster, "Additional Background for TUGCO-NRC Meeting of
3/6/85," CPRT File II1.b.4a-008, May, 1985). The missing truckloads
represented approximately 20-30 percent of the total number of
truckloads. To complete the population determination, an attempt was
made to identify all previously unidentified truckloads, and a
proportional sample was selected from those additional truckloads
identified. This augmented sample was then added to the original
sample. The resulting evaluation of the hammer data (presented in the
I1.b Results Report) included 119 data points for the CAI and 132 for
the CC. The added data did not change the conclusion that the CAI
hammer indication is within 5 percent of the CC hammer indication at
the tenth percentile level.

If the population could have been completely determined an additional
seven samples for the CAI population and two samples from the CC
population would have been taken. If these additional samples were
randomly selected from the remaining truckloads excluded, these test
values should be dispersed among the other data (as was observed
during the effort described above). Therefore, the distributions
shown in Figure 3 of the Results Report would be changed very little
and the conclusions not at all.

QUESTION:

2.

Review of Figure | of page 20 of ISAP II.b Results Report shows that CAI
compression strength is approximately 9.47 less than CC compression
strength at the 10th percentile level. It appears that this level of
deviation was judged by applicants as not "significantly lower" than CC
compression strength to trigger a need to implement calibration of the
Schmidt Hammer test. Discuss the technical basis for the judgement.

5 NRC



IT.b Concrete Compression Strength (Cont'd)

RESPONSE:

QUESTION:

The design compressive strength of 4000 psi is 18.4 percent lower than
the tenth percentile cylinder strength of the CC. If one assumes the
CAI cylinder data is valid, then it is seen from Figure 1 of the
Results Report that the CAI strength is only 9.3 percent lower than
the CC at the tenth percentile level, and is well above the design
strength of 4000 psi. However, the validity of the CAI cylinder data
has been questioned and the CPRT investigation was established to
determine whether or not the CAI strength is not more than 18.4
percent lower than the CC strength. This is done in the II.b Results
Report through the use of the Schmidt Hammer tests in association with
the CC cylinder data.

A difference of 18.4 percent in compressive strength corresponds to a
relative change in hammer indication of approximately 10 percent,
based on the slope of the hammer indication vs. compressive strength
curve (see Operating Instructions Concrete Test Hammer Types N and NR,
copyright 1977, PROCEQ, Zurich, Switzerland; and Attachment A of F.
Webster, "Target Tenth Percentile," CPRT File II1.b.4a-003, February,
1985). The tenth percentile CAI hammer indication reported in the
Results Report is only 2.5 percent lower than the CC hammer
indication, and when we evaluate at a 95 percent confidence level the
CAI hammer data is determined to be no more than 5 percent lower than
the CC hammer data at the tenth percentile. This is less than the 10
percent difference in hammer data that would be required to signal
that the CAI tenth percentile compressive strength is at the <000 psi
level, or lower. This provided reasonable assurance that the CAI
tenth percentile cylinder strength is well above the 4000 psi design
level. Therefore, it is unnecessary to further refine the
relationship between haumer indications and compressive strength in
the present application.

3. The resolution to ISAP II.b as presented in the Results Report may not be

able

to identify localized problems where the number of falsified records

is small. Discuss potential safety implications on overall adequacy of the
concrete strength due to such localized problems.

6 NRC



I11.b Concrete Compression Strength (Cont'd)

RESPONSE:

As discussed in the II.b Results Report, there are two general types
of potential falsification. The first, and the focus of this
discussion, is the masking of out-of-specification concrete by
recording it to be within specification. The second, and of less
concern, is the false recording of concrete test data for within
specification concrete when tests were not performed. Neither of
these two types of falsification appear to have occurred in any
systematic way. There is a potential for not detecting specific
examples of the first type where the number of falsified records is
small; however, as discussed below, the engineering significance of
such situations is limited.

The methodology of our investigation was constructed such that if this
type of localized falsification occurred, it would have been detected
unless it had occurred very infrequently. Thus, our discussion is
focused on evaluation of the engineering significance of a very small
volume of concrete that may potentially be out-of-specification.

ACI Standard 214-77 addresses the implications of out-of-specification
concrete as related to the ACI criterion permitting ten-percent of
cylinder tests to fall below the design strength. Specifically, the
following excerpt from Chapter 4 of this Standard is also applicable
te evaluation of potentially lower strength concrete due to
falsification:



I1.b Concrete Compression Strength (Cont'd)

"4,1==Ceneral

|
The strength of control cylinders is generally the only

tangible evidence of the quality of concrete used in

constructing a structure. Because of the possible disparity

between the strength of test cylinders and the load-carrying

capacity of a structure it is unwise to place any reliance on

inadequate strength data.

The number of tests lower than the desired strength is more
important in computing the load-carrying capacity of concrete
structures than the average strength obtained. It is
impractical, however, to specify a minimum strength since there
is always the possibility of even lower strengths, even when
control is good. It is also recognized that the cylinders may
not accurately represent the concrete in each portion of the
structure. Factors of safety are provided in design equations
which allow for deviations from specified strengths without
jeopardizing the safety of the structure. These have been
evolved on the basis of construction practices, design
procedures, and quality control techniques used by the

construction industry. It should also be remembered that for a

given mean strength, 1f a small percentage of the test results

fall below the design strength, a corresponding large

percentage of the test results will be greater than the design

strength with an equally large probability of being located in

a critical area. The consequences of a localized zone of

low-strength concrete in a structure depend on many factors;

included are the probability of early overload, the location

and magnitude of the low-quality zone in the structural unit,

the degree of reliance placed on strength in design, the

initial cause of the low strength, and the consequenc2s,

economic and otherwise, of structural failure.

The final criterion which allows for a certain probability of
tests falling below f' used in design is a designer's decision
based on his intimate knowledge of the conditions that are
likely to prevail., 'Building Code Requirements for Reinforced
Concrete (ACI 318-71),' provides guidelines in this regard, as
do other building codes and specifications.

To satisfy strength performance requirements expressed in this
fashion the average strength of concrete must be in excess

of f', the design strength. The amount of excess strength
deperids on the expected variability of test results as
expressed by a coefficient of variation or standard deviation,
and on the allowable proportion of low tests."



II.b Concrete Compression Strength (Cont'd)

It should be noted that the criterion of allowing 10 percent or
less of the cylinder strengths to fall below the design
strength of 4000 psi is more than met by the CAI truckload
population, which means that the frequency of potentially
understrength concrete (regardless of whether it is masked by
falsification or not) is very low. A supporting consideration
is the fact that, with age, average concrete strength
asymptotically increases above the 28 day strength on the order
of 247 at one year (ref: A. M. Neville, "Properties of Concrete",
J. Wiley, 1975, P.258-9) and continues to increase thereafter.
Therefore, based upon the II.b results and general structural
considerations, the chances of a potentially understrength
concrete being coupled with a critical structural element are
even lower,



II1.d Preoperational Testing

QUESTION:

l.

Section 5.4.1 of the Results Report stated, in part, that System Test
Engineers (STEs) "...did use current design documents in the conduct of
preoperational and prerequisite testing activities." During an inspection
of documentation related to the 60 preoperational test samples that were
evaluated by the CPRT, the NRC inspector identified 26 preoperational tests
that vere perfcrmed where the STEs faiied to update the revisions of design
documents referenced in Section 3.0 of the test >rocedures. The
documentation clearly showed the CPRT's awareness of this discrepancy, but
it was not identified in accordance with Appendix E of the Program Plan.
The NRC inspector informed the CPRT that failure to identlify the
discrepancy was deviation from Program Plan commitments. The Results
Report should have addressed this discrepancy. The staff needs to know
what actions were taken to determine whether this was a DCC problem or an
STE problem, what impact this had on the objectives of the ISAP, and what
assurance exists that other tests of safety related components and systems,
not evaluated under this ISAP, were conducted using current design
documents.

RESPONSE:

CP-SAP-21, "Conduct of Testing," contains the requirement for the
review and update of test prccedures. The administrative procedure
was not explicit as to how the STE review and update should be
documented. However, the STE was required to update the test
procedure to be in accordance with the latest design information,
therefore, but was left to his own discretion as to the method of
documenting the update.

Close examination of the specific procedures revealed that they had,
in fact, always been updated, but that sometimes the updates were
recorded only in those sections of the test procedures containing the
action statements (i.e., sections other than Section 3.0). The
procedures had been updated by the Test Procedure Deviation form in
accordance with CP-SAP-12, "Deviations to Test Instructions/
Procedures."

The CPRT third-party concluded that the absence of specific notations
to the reference section (Section 3.0) of the test procedures was
neither a deviation nor indicative of a DCC or an STE problem. 1In
those cases where the reference section had been updated, it was easy
for the RTL to verify that the STE review and update had been
accomplished. In those cases where the reference section had not been
updated, any design change would have to be verified as being
implemented in the remaining sections of the procedure. In all cases,
it was possible for the RTL to confirm that implementation had
occurred. Each design change requiring a response by the Startup
organization was, in fact, incorporated into the test procedure.

10 NRC



111.d Preoperational Testing (Cont'd)

Based on the foregoing, the objectives of the action plan were met and
there is reasonable assurance that the document control problems which
existed prior to 1984 did not adversely affect the testing program.
Reasonable assurance regarding the extrapolatability of sample
observations derives from the facts (1) that there was a start-up
administrative procedure which required such revisions and (2) that in
all sampled cases the procedure was followed with.

QUESTION:

2. During the inspection of documentation related to the 60 preoperational
test samples that were evaluated by the CPRT, the NRC inspector identified
an unresolved lssue regarding twelve screening checklists that were not
completely filled in. Three of the twelve checklists failed to show the
CPRT's review to ensure the associated preoperational tests were conducted
using current design documents. This issue must be resolved before the
staff will be able to accept the Results Report.

RESPONSE:

It is believed that the requisite data to demonstrate the adequacy of
CPRT's review is available on 9 of the 12 checklists. The other three
checklists were overlooked during the final file review. For these
three, all the information required to perform the evaluations is
contained in the various files, but the checklists are not completed
properly. The project central file will be amended to correct this
discrepancy.




VII.b.2 Valve Disassembly

QUESTION:

I.

Section 4,1.2 of the Results Report states, "in addition to proper matching
of components, the procedures were reviewed for (sic) damage during the
disassembly, storage and reassembly process."

Please provide the results of this review.

RESPONSE:

As discussed in the "Procedure Review" portion of Section 5.2 (page 14
through 16) of the Results Report, the procedures used for valve
disassembly - CP-CPM~6.9 or CP-CPM-9.18 - have always contained
provisions to package disassembled valve parts. The purpose of this
packaging (in a heavy duty plastic bag or wooden box marked with the
valve tag number) as stated in CP-CPM-9.18 is "to prevent loss or
damage and to maintain traceability." This practice was found to be
adequate to identify damaged parts. ’

Additionally, the operational travelers and QC checklist for valves
(QCV's) reviewed during the sample reinspections all contain a sign
off by the craftsmen, QC engineer, or in the vast majority of cases -
both, verifying all internals have been cleaned/prepared for
reassembly. This constitutes a final check for visible damage prior
to reassembly. See, e.g., action plan working file Section 5.0 (Item
I-M-VALV-122).

QUESTION:

2.

Section 5.2 (page 12 of 20, last paragraph) addresses differences in
non-ASME and ASME manufacturing processes for the bonnets. The Results
Report states that physical and chemical properties identified in the
material specification would be the same for both and also that post
manufacturing testing would be the same.

Please address how you considered the differences between ASME Code and
commercial requirements such as material identification and traceability,
welding and weld repairs, personnel qualifications, and nondestructive
examinations,

RESPONSE:

The conclusion as stated in the Results Report is that there is 'no
substantive effect of interchanging a ASME bonnet with a non-ASME
bonnet on ITT Grinnell diaphragm valves." This conclusion was based
on discussions with the manufacturer's QA Division Manager as
documented in the action plan working file number 9.0 item 9.0-25
(copy attached). It was recognized that there are differences in the
quality assurance programs under which the ASME and commercial grade
bonnets are manufactured, but this was determined not to be
significant in this particular instance since post manufacturing
testing is identical for both ASME and non-ASME (commercial) bonnets.

12 NRC



VII.b.2 Valve Disassembly (Cont'd)

QUESTION:

3.

It should be noted that NRC Inspection Report 50-445/85-14; 50-446/85-11
identified an unresolved item (Appendix E, paragraph 6.j) pertaining to the
differences identified between the Westinghouse and Gibbs & Hill (G&H)
Lines Designation Tables, and differences between G&H Tables and Code Data
Sheets.

Please provide the necessary information for resolution of this unresolved
item (445/85-14-U-~15).

This question is in no way related to the conduct of ISAP VII.b.2.

RESPONSE:

TNE is currentl performing an extensive line by line comparison
between the G&H and Westinghouse Line Lists. Members of Gibbs &
Hill's Design Engineering Department, Westinghouse's Design
Engineering Department and TNE's Mechanical Engineering Departmeat are
involved in this review. The objective is to identify and reconcile
all differences between the two lists and to determine the correct
condition in each case. Site system flow diagrams and Westinghouse
design flow diagrams are also being reviewed to insure that both are
in agreement with one another and are consistent with both Line Lists.
Following this review, TNE will compare the questionable Valve Code
Data Sheets to their respective line number for final assurance that
the valves are acceptable for their applicable conditions,

QUESTION:

4.

On page | in second paragraph under Section 3.0 reference is made to a
valve testing program (a) Identify the program and/or programs and clearly
indicate the scope i.e., how many and what type of valves are included,
what types of valves are excluded, etc. (b) the loss or damage of valve
parts is a QA programmatic concern when it's repetitive and uncontrolled,
even if its documented. Explain how this issue is addressed in your
implementation process.

Section 4,1.2 the third paragraph addresses an evaluation of the adequacy
of present procedures. Was there a sampling inspection of valves (and
documentation) installed under the present procedures? What are present
procedures as opposed to past procedures?

RESPONSE:

The system test engineer is required (by CP-SAP-20) to walkdown each
system., The valves in the system are inspected (Section 4.4) for
proper flow direction, accessibility, bolt tightness, stem travel,
operability (smoothness, etc.), packing, etc. This is required for
all valves in the system; safety-related as well as BOP,
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VI1.b.2 Valve Disassembly (Cont'd)

Additionally, some valves are checked/tested for operability over and
beyond those in CP-SAP-20, such as:

-~ All Motor Operated Valves are tested in accordance with
XCP-EE10

- All Air Operated Valves are tested in accordance with XCP-EE!!

- The Main Steam Isolation Valves are tested in accordance with

1/2 CP-PT-3401

- All the Steam Cenerator Relief Valves 1/2 CP-PT-3402

- All valves used for containment isolation are local leak test
(10CFR50 Appendix J) to 1/2 CP-PT-7501

- The RCS Boundary Check Valves are tested to 1-CP-PT-5709 and
2-CP-PT-5706

In the sample of 106 valves, there was one instance of a lost valve
bonnet and one instance of damage sustained to a bonnet requiring
replacement, Both had been properly documented by TUGCO on
Nonconformance Reports (NCRs). As less than one percent of the sample
items indicated a loss of valve parts and less than one percent
damage, the Issue Coordinator and Review Team Leader do not consider
this to be a programmatic concern of repetitive and uncontrolled loss
or damage. Had this condition been determined to be a programmatic
concern, the action plan would have been expanded or corrective action
would have been recommended to the Project. As stated in Section 3.0
of the Results Report, the action plan focused on the undocumented
interchanging of parts.

It should be noted that the ISAP, as it pertained to damage, was only
concerned with damage sustained during valve part storage as per the
allegation. Other cases of valve damage were found in the sample
items. This damage had nothing to do with the valve disassembly/
reassembly process. Our review revealed that repair had been
accomplished satisfactorily.

The sample included valves which had been disassembled and reassembled
under past or "earlier" procedures, valves which had been disassembled
and reassembled under "present" procedures, and several valves which
were disassembled more than once and so were dis/reassembled under
both past and present procedures. Present procedures as used in the
Results Report means CP-CPM-9,18 {ssued in mid-1983. Early procedures
were those used prior to that date. Section 5.2 of the Results Report
discusses the details of both procedures.

QUESTION:

L TN Section 4.1.3 second paragraph states in part an evaluation was made to
define potential code violations.

-~ What are they? They should be identified.
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VI1.b.2 Valve Disassembly (Cont'd)

RESPONSE:

The evaluation for potential code class violations mentioned in the
second paragraph of Section 4.1.3 was done as part of the analysis
discussed in the first paragraph of this section. This analysis is
contained in the action plan working file as document no. 6.0, item
6B-6 (copy attached). Revision 1 dated 11/25/85 of the analysis was
inadvertently omitted from the action plan file and has now been
added.

QUESTION:
6. Section 4.1.4 first sentence states that reinspection of valves which were
disassembled was performed to provide assurance that the valves were

reassembled using the correct components.

It 1s not clear how, or from what documentation, the correct components
were identified.

RESPONSE:
The acceptance criteria are stated in Section 4.6 of the Results
Report.,
QUESTION:
7s Section 4.2 procedures are not identified per program plan attachment 3
ISAP format.
RESPONSE:

The procedures in effect are CP~CPM-9.18 Rev. 0, dated 6/8/83 and
QI-QAP-11.1-26 Rev. 18, dated 12/19/85.

QUESTION:

8. Section 4.6 appears to apply to only diaphragm valves - what was the basis
acceptance of other types of valves with interchangeable top works and
trim.

RESPONSE:

The criteria of Section 4.6 applied to all valves inspected under this
action plan.,

QUESTION:

9. Section 5.1 second paragraph states that the review installation
procedures, revisions and dates should be identified.
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V1I.b.2 Valve Disassembly (Cont'd)

RESPONSE:

This information can be found in action plan working file 6A, items
6A-1 and 6A-2 (copiles attached).

QUESTION:

10. Section 5.0 page 11 first paragraph states that a lost bonnet and a damaged
bonnet were not deviations because they were properly identified on NCRs
and PETs.

The valve type, size, gag numbers, date of installation, the NCR and PET
numbers should also state if the NPV-1 form was revised, or annotated.

RESPONSE:

The NCR and/or PET associated with these valves, or any similar
conditions, serve as the key to initiating any required code
documentation relative to the repair or replacement. When NPV-1
certified parts of a component are replaced or repaired, an ASME
Section XI NIS-2 form is executed to maintain component certification
acceptability; this form i{s completed prior to N-3 certification of
the Unit, and is utilized in lieu of annotating or revising an ASME
Section IIT NPV-1 Data Report, which is not permitted by the Code.

QUESTION:

11, Section 5.0 page 11 fourth paragraph states that two types of ITT Grinnell
valves were supplied. This paragraph should also provide complete
identification of the valve types (manufacturer's drawing or i{dentification
numbers), valve sizes, rating and applicable code class.

RESPONSE:

This information can be found in action plan working file 6.0, item
6B-5 (copy attached). (Note that the Generic Safety Consequence
Analysis attached to this item i{s superceded by Revision | which 1is
provided in response to item no. 5 above.)

QUESTION:

12, Section 5.0 fifth paragraph states in part: For some application...the
applications should be identified (page 11).

RESPONSE:

The applications of the valves rated 300 psi at 150° F. were those
within the scope of the NSSS Vendor supply. Westinghouse always
specifies this type valve regardless of the application, system or
plant for which their NSSS is supplied, for reason of standardization.
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VII.b,2 Valve Disassembly (Cont'd)

The ITT Grinnell standard valve discussed in paragraph four of page 11
of the Results Report is used in all non-NSSS applications,
QUESTION:

13. Section 5.0 page 12 first paragraph is not clear in its description of
valve modifications.

1 - were the modifications made specifically for CPSES valves at the
specified 300 PSIG, or

2 - are these valves just different configurations furnished by the
supplier when the user specifies service conditions, pressure/
temperature, that are higher than design.

RESPONSE:

See response to question no. 12.

QUESTION:

14, Section 5.0 page 13 second paragraph, identifies two valves by tag numbers.
This paragraph should further identify the manufacturer's drawing or
identification number, size, rating, code class and date of installation.
Additionally this paragraph should identify the documents (e.g., NCR, IR,
PET) that substantiated acceptance of the installed valve body and bonnet,

RESPONSE:

The information requested is:

Valve Tag No. 2-8422
Mfg. Dwg. No. - SD-C-100552 Rating 300 psig at 150°F. Class 2

Size - 3" Install, Traveler No. MW81-1105-4900
Reinspection Pkg. No. - I-M-VALV-44 dated 10/16/81

Valve Tag No. 2-7131B

Mfg. Dwg. No. - SD-C-100551 Rating 300 psig at 150°F, Class 3
Size -~ 3" Install, Traveler No. MW7980361-4100
Reinspection Pkg. No. = I-M-VALV-56 dated 10/23/79

This information is in the reinspection packages found in action plan
working file Section 5.0,

The acceptance of the installed valves is documented on the
installation traveler. No NCR or PET was in effect documenting the
deviation at the time of the CPRT inspection of the valve which is the
reason the deviation was declared.
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VII1.b.2 Valve Disassembly (Cont'd)

QUESTION:
15. Section 5.0 page 13 the second and third paragraphs, identify two valves by
tag number. These paragraphs should also identify the manufacturer's

drawing or identification number, size, rating and code class and date of
installation.

RESPONSE:
This information is:

Valve Tag No. 1-7046
i!.. Dwg. No. - SD-C-101609 Rating 300 psig at 150°F. Class 3

Size - 3" Install, Traveler No. MW80-1020-4900
Reinspection Pkg. No, = I-M-VALV-9 dated 11/11/81

Valve Taleo. XSF-179

Mfg. Dwg. No. - SD-C-105686 Rating 255 psig at 150°F. Class 3
Size - 3" Install. Traveler No. MW79-081-4700
Reinspection Pkg. No., = I-M-VALV-67 dated 12/19/79

Thie information is in the reinspection packages found in action plan
working file section 5.0.

QUESTION:

16. Section 5.0 page 14 first paragraph states that because the installed
valves (with deviations) match the numbers recorded on the operations
travelers, this means that the bonnets were interchanged prior to issue for
installation.

The staff finds that this deduction may not be valid if the valve was
disassembled, installed and reassembled on the same day. If the traveler
records these operations as performed on the same date (same shift), there
{8 no assurance that the required information was recorded prior to
disassembly. Another potential is the switching of valve tags.

RESPONSE:

The installation of these valves, as documented on the installation
traveler in the reinspection packages, showed that the valve bonnets
were removed and stored for a period of months, and then reassembled
when all welding was complete and the line was installed in the field.
Switching of valve tags would not cause the noted deviations as
numbers stamped on the valve body and bonnet were used for the
reinspection.
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V1I.b.2 Valve Disassembly (Cont'd)

QUESTION:

17. Section 5.0 page 14 second paragraph relates to travelers for the other two
valves that were written prior to the practice of recording bonnet
markings...

This paragraph should identify the two valves in question, the date
installed, the procedure and applicable revision at the time of
installation.

RESPONSE:

The valves in question are valve tag nos. 2-7131B and XSF-179
discussed on page 13. They were installed under procedure no.
CP-CPM-6.9 Rev. 0, dated 10/6/78 on 10/23/79 and 12/19/79
respectively, based on traveler completion dates.

QUESTION:

18, Section 5.0 page 15 second paragraph refers to early procedures. The
specific procedures, revisions and dates should be identified.

RESPONSE:

CP~CPM-6.9 Rev. 0 was the project source procedure which contained
integrated Construction/ QC direction for the disassembly/reassembly
of valves on CPSES. CP-CPM-6.9 was divided into subsections shortly
after its issuance, and the requirements for valve disassembly/
reassembly were then encomnpassed in CP-CPM-6,9E.
CP~CPM-6.9/CP-CPM-6.9E Rev, 0 (2/6/80) set forth the following
requirements with respect to vaive disassembly/reassembly:

Detailed instructions, including the general requirements of
CP-CPM~6,9/CP-CPM-6,9E, would be provided to Construction/QC via an
Operational Traveler (OT), prepared and approved in accordance with
CP-CPM~6,3; and,

Section 3.14 of CP-CPM-6,9/CP-CPM-6,9E requires, in part

"All parts removed from the valve shall be stored in a heavy duty
plastic bag, or in the case of a large valve a wooden or cardboard
box. The MS [Millwright Superintendent] shall mark the box/bag with
the valve number.

"Any valve that will remain dismantled for an extended period of time
will have the bag/box of parts stored in a secure place in the
Millwright Shop or Warehouse. If the MS estimates that the valve will
remain disassembled for only a short period or that it 1s too large to
be easily removed from the work area, then the bag/box may remain in
the field."
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VI1.b.2 Valve Disassembly (Cont'd)

The above requirements remained as written through DCN #5 to
CP-CPM-6.9E Rev. 6 (8/1/83), at which time they were deleted and
CP-CPM-9.18 (Rev. 0, 6/8/83) was referenced. Additionally, Quality
Instruction QI-QAP-11.1-39A Rev. 0 was issued on 6/8/83 to prescribe
specific QC inspection and documentation requirements for valve
disassembly/reassembly.

Additional details can be found in action plan working file 7.0, items
7.0-1 and 7.0-2 (copies attached).

QUESTION:

19.

Section 5.0 page 15 third paragraph last sentence states; sufficient
information for evaluating valve storage prior tc this time is not
available.

The issue of concern was the storage of disassembled valve components. The
TRT found that the storage at installation locatforns was poorly controlled.
The paragraph should address the storage of dissssembled valve components.

Additionally, this paragraph refers to an effective program implemented by
Millwrights.

This "Effective Program" should be addressed in the aspect of the
implementation of an identified procedure and the verification of training
of millwright personnel in the applicable procedure.

RESPONSE:

The Results Report does refer to the storage of valve parts. It was
intended to relate that the Millwrights had effectively implemented
the existing program. See response to Question 18. Records for the
training of Millwright personnel are on file in the Construction
Department Training Records.

QUESTION:

20,

Section 5.0 page 15 the fourth paragraph states that the issue related to
documentation of the interchange of valve bonnets was recognized by
TUGCO. L

This paragraph should state the basis (NCR's, IRs, etc.) for TUGCO's

recognition and address this subject by including the identification of the
procedures, revisions and dates.
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VII.b,2 Valve Disassembly (Cont'd)

RESPONSE:

The RTL did not identify a specific event or discrete occurrence. The
recognition was manifest by the recording of body and bonnet numbers
on travelers which began in late 1980. T7This was a general practice
within existing procedures. It was formally proceduralized by TUGCO
with the issuance of CP-CPM-9.18 Rev. 0 in June 1983,

QUESTION:

21. Section 5.0 page 16 the second paragraph states that the QC checklist
requires recording of the bonnet identification number.

For the installation of valves, since valve tags can also be interchanged,
the staff finds that the procedure should require that the checklist should
record both the body and bonnet identification.

RESPONSE:

As stated in the first paragraph on page 16 of the Results Report, the
checklist does require recording of both body and bonnet
identification numbers stamped on the valve parts.

QUESTION:

22, Section 5.0 page 16 third paragraph states the administrative action was
taken (by TUGCO) in the startup test program.

The administrative action should be identified in terms of identification
of any applicable procedures, revisions and the CPRT verification of the
training of personnel.

RESPONSE:

The administrative action taken by TUGCO in 1985 was to require
control of all work processes during the construction phase of CPSES,
through implementation of the work package conce, t defined in the
CP-CPM-7.1 series of procedures. Verification of program
implementation and the awareness of project personnel with the program
was evident from the process in which CPRT was required to obtain
project documentation, prepare inspection packages and initiate work
processes,

The only question of applicability during implementation of the
CP-CPM~7.1 (series) involved the Start-up Organization, which, as
documented in the action plan working file 7.0 {item 7.0-4, was
resolved by letter CPPA #45,538,
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VII.b.2 Valve Disassembly (Cont'd)

QUESTION:

23, Section 5.0 page 16 the fourth paragraph cites an example identified by the
TRT as evidence of procedure implementation and effectiveness,

The TRT also identified (in SSER-11) numerous PETs that documented che
interchange as replacements for lost and/or damaged valve components. The
staff wishes to emphasize that the issue essentially was procedural
inadequacy to control the interchange, loss and damage of disassembled
valve components. The staff disagrees with the CPRTs reasoning that this
is an example of procedure effectiveness. The TRT stated that although the
deficiency was reported on the NCR, and procedures were in place, the loss
and damage continued to occur.

RESPONSE:

See the response to question 4,

QUESTION:

24, Section 5.6 page 18 identification and discussion of Corrective Action
first paragraph is vague.

The paragraph should identify the level of responsibility of the changed
personnel and identify the procedure, revisions and dates as they apply to
the subject of this paragraph.
RESPONSE:
As addressed in response to questions 18 and 19, the corrective action
was to implement effectively the existing program rather than
developing a program to implement. Implementation was effected at the
craftsman level and procedural compliance was and is stressed at the
supervisory levels.
QUESTION:
25, Section 5.7 page 19 Out-of-Scope Observations.
The paragraph refers in part to: acceptable TUGCO Procedures...
The procedures should be identified.
RESPONSE:

CP=QAP~12.4 Rev, 1, dated 12/28/83.
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VII.b.2 Valve Disassembly (Cont'd)

QUESTION:

26, Section 6.0 page 20 the second paragraph states that procedures were
reviewed and found to be adequate except for .. and further, the last
sentence states that improvements to the control process since 1983 ...

The procedures, revisions and dates should be identified, and the
improvements to the control process should be specifically detailed in this
paragraph.

RESPONSE:

See response to question no. 18,

QUESTION:

27, Section 7.0 page 20 does not clearly identify any of the results of the
implementation of this plan (e.g., procedure inadequacy, lack of control,
etc.) that must be addressed by TUGCO, and then evaluated under 1SAP
vII...z.

RESPONSE:

TUGCO must disposition the 4 identified via the Project NCR process.
No programmatic concerns were {dentified during the conduct of this
ISAP (See response to question 20).

ISAP VII.a.2 will assess handling of any programmatic corrective
actions by TUGCO. One of the specific allegations being investigated
in ISAP VIiI.a.2 is the portion of the TRT issue on valve
dis/reassembly (as stated in AQ-52 of SSER-11) that concerns
"effective programmatic corrective action was not implemented... ."




OFFICE MEMORANDUM e
/
QA/QC-RT=076 / /
TO: J. Hansel
FROM: M. Solon
DATE: April 8, 1985

SUBJECT: Valve Dic:ssembly, Issue VII.b,2 Generic Valve Evaluation

Summary

Documentation (i.e. specifications, vendor instruction manuals and drawings)
were reviewed to determine which generic valve types required disa.sembly prior
to welded installation into the piping systems.

It is concluded that diaphragm valves, manufactured by ITT-Grinnell, are the
only valves which required disassembly prior to weldup. Purchase orders
CP-0020A, 0020B, 0604 and 0001 (S5.0.0220) contain nuclear safety related (Q)
diaphragm valves with the potential for mismatching valve bodies and internals
when the valves were reassembled. The number of valves in these purchase orders
is apprcximately 600 total for Units 1, 2 and Common.

Non-Q diaphragm valves contained in purchase orders CP-0021B.l, 0021D and 0604
are identical in form and fit to the Q valves, and will be considered as a
source for vismatching internals and valve bodies.

Discussion

In accordance with the Action Plan, para. 4.1.1, an evaluation was made to
determine the generic valve types that require disassembly and removal of
internals prior to welding. Project specifications, drawings and vendor
instruction manuals wvere reviewed. The latest specification index pages
containing valves were marked up, and Table | was prepared to summarize the
results of the documentation review,

All Q valve types were reviewed first. For those valve types that were found to
require disassembly, similar non-Q valve types were evaluated as a2 possible
source for mismatching non~Q internals with Q valve bodies. Valves supplied
with vendor packaged equipment were not reviewed. Specific discussion of all
valve types, by specification, follows.

Referring to Table 1, Page 1:

(1) The vendor instruction manuals for the diaphragm valves (MS-20A, 208)
require that the bonnet assembly be removed to protect the diaphragm
during weldup into the piping system.

(2) The vendor instruction manuals for the bulk valve orders (MS-20A.1,
20.B.1, 20.8.2) do not require valve disassembly for welded
installation into the piping system.

Av//i B
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(3) The specification for the rubber lined check valves (MS-20B.3) has
only four 24 inch valves. These valves, which are in the service
water system, are all valve type 24CC302WA, Notes 3, 39 and are
identical. Therefore, there is no need for further evaluation of
potential mismatch,

(4) Butterfly/wafer disc valves use bolted installation exclusively,

Referring to Table |, Page 2:

(1) The non-Q diaphragm (MS-21B.1, 21D) require valve disassembly for
weldup. They are identical in form and fit to the Q diaphragm valves,
and will therefore, be considered a potential discrepancy source for
the Q valves.

(2) The remaining non-Q valves (MS-21A, 21B, 21C, 21D.2, 21E) have no Q

valve counterpart that requires disassembly; and therefore, they were
not reviewed.

Referring to Table 1, Page 3:

(1) No review is required for tha non-Q circulating water valves (MS-75).

Referring to Table 1, Page 4:

(1) The main steam valves (MS<76, 77, 78, 79) are special valves and
therefore were not reviewed.

(2) Review of the specifications and vendor instruction manuals for the
butterfly deluge valves and the HVAC containment isolation valves
(MS-82.1, 86) showed the valve installations to be bolted.

Referring to Table 1, Page 5:

(1) Review of the Q and non-Q control valves (MS-600, 601) shows that where
soft seats are used, the internals must be removed prior to welded
installation. Specification MS-600 (Q valves) has only four valves
with soft seats. These valves (HV-4710, 4711, Data Sheets AO-19) are
identical 4 inch 150 psi carbon steel globe valves. Specification
MS~601 (non=Q) does not contain non-Q valves of similar configuration,
Therefore, mismatch of valve internals and bodies need not be
considered.

(2) The vendor instruction manual for the process solenold valves (M§=607)
does not require valve disassembly.
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(3) The instruction manual for the power operated diaphragm valves
(M5-604) requires valve disassembly before welded installation. The
specification contains four Q valves. These are identical 150 psi &
inch stainless steel valves (Tag No. HV-5157, 5158, Data Sheets A2-12,
13). Specification MS-604 contains 1, 2 and 3 inch air operated non-Q
valves. These valves, Q and non-Q, are similar dimensionally to the
air operated Q diaphragm valves in the NSSS purchase order, CP-0001
(5.0.0220). Therefore, there is a potential for mismatching parcs.

Referring to Table 1, Page 6:

(1) The non-Q automatic pump recirculation valves (MS-627) need not be
reviewed.

(2) Per the specification for the pilot solenoid valves (MS-632), the
valve ends are threaded.

(3) The NSSS purchase order CP-0001 (Shop Order 0220) contains valves
supplied by Rockwell, Fisher, Velan, Copes Vulcan, Crosby,
Westinghouse and ITT-Grinnell. Vendor drawings and instruction
manuals were reviewed to reach the following conclusions:

(a) The Crosby valves are safety and relief valves, and are not
considered,

(b) The Rockwell, Fisher, Velan valves have metal seats and do not
require disassembly before weldup.

(¢) Some Copes Vulcan valves have non-metallic seats. However, the
instruction manual does not require valve disassembly before
weldup.

(d) The ITT-Grinnell valves include 3 and 4 inch manual Q valves,
similar dimensionally to those in MS-20B; and air operated Q
valves from 3/4 inch to 4 inch, of which the 1, 2, 3, 4 inch
valves are similar dimensionally to those in MS-604. Therefore,
these valves, with the possible exception of the 3/4 inch valves,
will be added to the population of valves with the potential for
having mismatched parts.

Further review and evaluation is required to better define the sub populations,
taking into consideration the characteristics of the valve topworks. This
effort will be limited to the ITT-Grinnell valves in purchase orders CP-020A,
0208, 0604 and 0001 (S5.0. 0220).

800 Ouak Ridge Tumpike Suite 301 Oak Ridge, Tennessee 37830 (615) 482-7973
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M, solon

cc: D. Alexander
V. Hoffman
P. E. Ortstadt
File VII.b.2.4B

MS/sl
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Evahlaﬁon
&rporanon OFFICE MEMORANDUM

QA/QC-RT-090

TO: J. L. Hansel
FROM: M. Solon
DATE: May 2, 1985

SUBJECT: Valve Disassembly, Issue VII.b.2 Additional Generic Valve Evaluation

References: (1) Office Memorandum, M. Solon to J. Hansel, "Generic Valve
Evaluation", dated 04/08/85

(2) SDAR CP-83-01, Corrective Action for Borg-Warner Check
Valves

(3) Telecon, M. Solon to P. Milinazzo, "Disassembly and
Reassembly of Borg-Warner Check Valves'", dated 04/22/85

Summar

Reference | evaluated the generic valve types which required disassembly prior
to welded installation into the piping system. The objective of this further
evaluation is to determine if there are generic valve types which required
disassembly and subsequent reassembly-after the valves were delivered to the
site.

It was determined that although many types of valves were disassembled and
reassembled for purge, flush, test and repair, there was only one generic valve
type (in addition to those in Ref. 1) which required disassembly. These were
check valves supplied by the Borg~Warner Nuclear Valve Division (B-W), under
P.0. No. CP-0C20B.1. There are ayproxinatoly 160 valves, total for Units 1, 2
and Common, which fall into this generic type valve category.

It was contluded that of this total only some of the low pressure (!50 and 300
psi) valves could be reassembled with an incorrect body/bcnnet generic
configuration. All valves in question are ASME III, Code Class 2, and
therefore, code classification violations could not have occurred.

Discussion

B-W check valves were found to have possible design and manufacturing
deficiencies (Reference 2), which required that the valves already cn site be
disassembled for inspection and repair if required.

Review of the B-W check valve drawings, with confirmation by the vendor
(Reference 3) resulted in the conclusion that valve bodies and bonnets of the
same size and pressure rating could have been reassembled, regardless of ASME
III Code Class (Class 2, 3) or material (carbon, stainless steel). However, per
the specification (MS-20-B.l, paragraph 3.3.3) the valves were all supplied as

Class 2. SR
YT e2-/ CH -1\\/

800 Oak Ridge Turnpike Suite 501 Oak Ridge, Tennessee 37830 (615) 482-7973
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Page 2
May 2, 1985

A matrix of B-W check valve types is given in Table 1. All valves are ASME III,
Code Class 2. Valve types which have the same body/bonnet fit-up are circled.
The valves which could be reassembled with incorrect bonnet and internals are as
follows:

3 inch/150 psi (carbon and stainless steel)
4 inch/150 psi (carbon and stainless steel)
10 inch/150 psi (CS and SS) and 300 psi (CS)

There are approximately 70 valves falling into these categories.

Valves which were disassembled, other than those defined herein and in Reference
1, will be identified by reviewing operations travelers.

M. Solon 7

cc: D. Alexander
V. Hoffman
P. Ortstadt
ERC File
File VII.b.2-4B
File VII.b.2-9

MS/sl

Attachments

800 Oak Ridge Turnpike Suite 501 Oak Ridge, Tennessee 37830 (615) 482-7973
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OFFICE MEMORANDUM

QA/QC-RT=103

TO: J. L. Hansel
FROM: M. Solon
DATE: May 20, 1985

SUBJECT: Valve Disassembly, Issue VII.b.2, Generic Safety Consequences Analysis

REFERENCES: \. Memorandum QA/QC-RT-076, "Valve Disassembly, Issue VII.b.2
Generic Valve Evaluation," April 3, 1985

2. Memorandum QA/QC-RT-090, "Valve Disasseably, Issue VII.b.2
Additional Generic Valve Evaluation," May 2, 1985

3. Telecon, M. Solon and B. Borst (ITT-Grinnell), April 9, 1985

4 Telecon, M. Solon and B. Borst (ITT-Grinnell, May 15, 1985

&. Telecon, M. Solon and P. Milinazzo (Borg-Warmer), April 22, 1985
SUMMARY

The generic valve types that required disassembly and reassembly were identified
in References | and 2. The safety implications resulting from reassembly of
incorrect valve components were evaluated, and are summarized as follows:

1. Manual and air operated ITT-Grinnell diaphragm valves (except the 3/4
inch, stainless steel, Class 3, air operated valves), if reassembled
with incorrect bonnet assemblies, could result in significant safety
implications ranging from violation of the ASME (II code* to failure
of the valve.

2 The following Borg-Warner swing check valves, if reassembled with
inccrrect bonnet assemblies, could result in corrosion problems,
potential failure of the bonnet and/or loss of function of the valve:

a. Three and four iuch/150 psi valves
b. Ten inch/150 psi and 300 psi valves

The combination of valve bodies and bonnet assemblies which can be bolted up are
shown in Table | (manual diaphragm valves), Table 2 (air-operated diaphragm
valves) and Table 3 (Borg-Warner check valves). The potential generic safety
consequences of incorrectly reassembled valves are summarized in Table 4.

* Code violation herein loosely defined as an ASME valve reassembled with a

bonnet assembly from a lower ASME class valve.
b2 m

—
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Valves which do not fall into the generic categories defined in References | and
2 will be treated on a case by case basis. Since there are many different valve
types which were disassembled for test, repair, flush, etc., generic evaluations
prior to defining the population are not practical. A recommended approach is

given in Section 3 of Discussion.

Discussion

In accordance with the Action Plan, paragraph 4.1.3, an evaluation was made to
determine the consequences of reassembling incorrect bonnet assemblies on valves
which required disassembly. The two generic types of valves identified in
References | and 2 were evaluated and are discussed below.

1. ITT-Crinnell Diaphragm Valves

The ITT-Crinnell diaphragm valves were supplied under the following
purchase orders:

Purchase

Order, CP- Description

0020A ASME III, Manual, 2 Inch and Smaller
0020B ASME II1I, Manual, 3 and 4 Inches

0604 ASME TII and Non-ASME, Power Operated
0001 ASME III, Manual and Power Operated
0021B.1 Non~-ASME, Manual, 2 Inch and Smaller
0021D Non-ASME, Manual, 3 and 4 Inc.es

Based on References 1, 3 and 4, the following conclusions were drawn regarding
possible reassembly conf'guration errors and resulting differences in valve
construction:

a. Valves of the sume size have the same Lody’/bonnet fit-up,
regardless cf ASME I1I Class (including non-aSlE), material and
pressure rating.

k. Bonnet material is stainless steel regardless of body material
(Stainless Stzel or Carbon Steel).

C. Bonnet wall thickness depends on valve size only, and is the same
for 150 psi and 300 psi ratings.

d. Diaphragm thickness depends on valve size only, and is the same
for 150 psi and 300 psi ratings. However 300 psi, 2 inch, 3 inch
and 4 inch valves have a diaphragm support cushion.

e. Two, three and four inch, 300 psi manual valves use a brass
spindle; whereas the 150 psi valves and the 300 psi air operated
valves use a stainless steel spindle. All other internals are of
the same materials.

m Nalk Ridoa Mirmnilks Cuita EN1 Nalr Didese Tanceccas 17090 (£1C8) AQS O™ - Lt
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The following additional information was obtained from the valve drawings.

f. Operator action (air to open or close) was determined and is
summarized in Table 2. Except for the 4 inch valves, all the valve
operators with the same action were the same size for a given valve
size.

g The 4 inch Class 2 valves have a larger actuator than the 4 inch Class
3 valves.

It is presumed that reassembly of a manual valve with a bonnet assembly having
an air operator, or vice versa, is not credible. Such an error would be obvious,
both visually and during preop testing.

The evaluation was performed for the highest level of valve (be it ASME Class,
pressure rating or material), assuming reassembly with a bonnet from a valve of
lower level. In addition, valve operator action and size was considered. The
possible reassembly errors were obtained from Table | (manual valves) and Table
2 (air operated valves) wherein the number of ASME valves, broken down by class,
pressure rating and material, are shown for each valve size. The various types
of non-ASME valves are also shown in the tables. Except for the 3/4 inch and 4
inch air operated valves, non-ASME valive bonnets could be installed on the ASME
valves.

A summary of the evaluation is given in Table 4, Items 1 through 10B. Except
for the 3/4 inch, Class 3, 300 psi, stainless steel valves (Item 7B), reassembly
with an incorrect bornet assembly could result in a code violation and/or
potential valve failure or loss of function.

2. Borg-Warner Swing Check Valves

The Borg-Warner swing check valves were supplied as part of purchase order
CP-0020B.1. Based on References 2 and 5, the following conclusivus wére
drawn regarding possible reassembly configuration errors and resulting
differences in valve construction:

a. Except for the 10 inch valves, only valves of the same size and
pressure rating have the same valve body/bonnet fit-up.

b. Ten inch valves have the same body/bonnet fit-up for 150 psi and 300
psi.

C. Carbon steel valves have carbon steel bodies, seats and bonnets.
Stainless steel valves have stainless steel bodies, seats and bonnets.

d. Except for the 10 inch carbon steel valves, all valves have stainless
steel disks. The 10 inch carbon steel valves have carbon steel disks.

800 Oak Ridge Tumnpike Suite 501 Oak Ridge, Tennessee 37830 (615) 482-7973
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e. All valves were provided as Class 2, regardless of class specified.

The possible reassembly errors were determined from Table 3, wherein the number

of valves in each assembleable category is given. Only the 3 and 4 inch 150 psi
valves and the 10 inch valves could be reassembled with body/bonnet srrors with

potential safety significance.

A summary of the analysis is given in Table 4, Items ll through 13. 1In each of
these cases, reassembly errors could result in valve failure or loss of
function.

3. Other Valve Types Dis/Reassembled

Analysis of the generic valves for safety consequences is practical only
for the ITT-Grinnell diaphragm valves and Borg-Warner check valves. These
valves were known to have required dis/reassembly of all the valves. This
type of analysis for the remaining valves that were dis/reassembled for
repair, test, flush, etc. should be done on a case by case basis.

The recommended approach would be to include all the other valves* in the
population. When a valve is selected as a sample, the documentation should
be reviewed to determine if adve-se effects could result from errors in
reassembly. If no adverse effects are identified, the valve should be
discarded from the sample, and another selected. If the evaluation is not
conclusive, the valve should remain in the sample, and the evaluation would
take place after the valve is inspected, if discrepancies are found.

Blate detin

. Solon

cc: D. Alexander
V. Hoffman
P. E. Ortstadt
File VII.b.2-9
File VII.b.2-4"
ERC File

MS/sl

* Other screening criteria, e.g. short time span between disassembly and
reassembly, may be considered to eliminate valves from the population.

800 Oak Ridge Turnpike Suite 501 Oak Ridge, Tennessee 37830 (615) 482-7973
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TABLE &

valve

GENERIC SAFETY CONSEQUENCES ANALYSIS Page 1
ITEM DESCRIPTION SAFETY PRESSURE POTENTIAL POTENTIAL
CLASS RATING REASSEMBLY ERROR FAILURE & EFFECTS
ITT-Grinnell
1 Diaphragm Valve 3 3C0ps i 1. Bonnet assembly from C.S. 1. No failure. A1l bonnets are St. St. with internals
Manual valve of same materials.
3/4 inch
Stainless Steel 2. Bonnet assembly from 150 psi 2. No failure. The bonnet and diaphragm thicknesses are the
valve same for 150 psi and 300 psi valves.
3. Bonnet assembly from non-ASME 3. a. Potenial failure during a seismic event. Loss of
valve function, leakage.
b. Code violation.
i
ITT-Grinnel) \ |
2 Diaphragm Valve I 2 150 psi 1. Bonnet assembly from non-ASME 1. a. Potenital failure during a seismic event. Loss of
Manual valve function, leakage.
3/4 inch
Carbon Steel 2. Bonnet assembly from ASME I1I, _b. Code violation.
| Class 3 valve
! 2. Code violation.
~ 1TT-Grinnell
3 . Diaphragm Valve . i 150 1. Bonnet assembly from C.S. 1. No failure. A1l bonnets are St. St. with internals of
| Manual i vaive same materials.
1 inch i
Stainless Steel | 2. Bonnet assembly from non-ASME 2. a. Potential failure during a seismic event. Loss of
1 valve function, leakage.
3. Bonnet assembly ASME III, Class 3' 3. Code violation.



TABLE 4 (Cont'd)

GENERIC SAFETY CONSEOUENCFS ANALYSIS (Cont'd) Paqe 2
SAFETY PRESSURE POTENTIAL POTENTIAL
ITEM I DESCRIPTINN CLASS RATING REASSEMELY ERROR | FAILURE
Rl
4 ; 1TT-Grinnell Duohu@ 3 300 1. Bonnet assembly from C.S. 1. No fallure. A1l bonnets are St. St. wilh in-
: valve Manual 2 inch Valve. ternals of same materials.
' Stainless Steel.
: 2. Bonnet assembly from 150 2.a. Galling of St. St. spindle (300 psi valve
! psi valve, spindle is brass). Jamming of valve.
! b. No support cushion. Failure of diaphragm
i § leakage.
" 3. Bonnet assembly from non- 3.a. Potential failure during a seismic event,
' ASME Valve. Loss of function, leakace.
i b. Code violation.
1
5 I1T-Grinnell Diaphragm 2 150 1. Bonnet assembly from C.S. 1. Nc failure. All bonnets are St. St. with in-
| valve Manual 2 inch Valve. ternals of same materials.
; Stainless Steel.
- 2. Bonnet assembly from non- 2.a. Potential fatlure during a seismic event.
! ASHE Valve. Loss of function & leakace.
| b. Code violation.
|
1 3. Bonnet assembly from ASME 3. Code violation.
1 111, Class 3 valve.
6 ' [TT-Grinell Diaphragm 2 300 1. Bonnet assembly from C.S. 1. No failure. All bonnets are St. St. with in-

Valve Manual 3 inch &
4 inch Stainless Steel.

Valve.

2. Bonnet assembly from 150
psi valve.

3. Bonnet assembly from non-
ASIE valve.

4. Bonnet assembly from ASHE
111, Class 3 valve.

ternals of same materials.

2.a. Galling of St. St. spindle (300 psi valve
spindle is brass). Jamming of valve.
b. No support cushion. Failure of diaphraam
& leakaqe.

3.a. Potential fatlure during a seismic event,
Loss of function & leakage.
b. Code violation.

4. Code violation.




TABLE 4 (CONT'D)

GENERIC SAFETY CONSEQUENCES ANALYSIS Page 3
ITEM ' DESCRIPTION SAFETY JRESSURE POTENTIAL POTENTIAL
CLASS RATING REASSEMBLY ERROR FAILURE
JA 1TT-Grinnell 2 300 1. Bonnet and actuator 1.a. Code violation.
Diaphragm Valve assembly from Class b. No faitlure. Actuator action and size the same.
Air operated (ATO) 3 valve
3/4 inch
| Carbon Steel
8 | Stainless Steel 3 300 1. Bonnet and actuator 1.a. No failure. A1) bonnets are St. St. with internals
: assembly from C.St)., of the same materials. Actuator action and size the
: Class 2 valve same .
BA ITT-Grinnell ‘ 2 300 1. Bonnet and actuator 1.a. Code violation
Diaphragm Valve assembly from C. Stl., b. No failure. A1l bonnets are St. St. with internals of
Air operated (ATO) Class 3 valve the same materials. Actuator action and size the same.
1 inch
Stainless Steel ‘ 2. Bonnet and actuator 2.a. Code violation.
assembly rrom non-ASME, b. Potential failure during a seismic event. Loss of
150 psi valve function & leakage.
88 3 300 1. Bonnet and actuator 1. Same as 2 above.
assembly from non-ASME,
§ 150 psi valve
9A 1TT-Grinnell 2 300 1. Bonnet and actuator 1.a. Code violation.
Diaphragm Valve assembly from Class 3 b. Incorrect actuator action and system operation.
Air operated (ATGO) valve with ATC actuator
2 inch and 3 inch
Stainless Steel 2. Bonnet and actuator 2.a. Code violation.
assembly from non-ASME, b. Potential failure during a seismec event. Loss of
150 psi valve function & leakage.
98 Air operated (ATC) | 3 300 1. Bonnet and ATO actuator . Same as 2 above.
assembly from non-ASME,
150 psi valve S Incorrect actuator action and system operation.



TABLE 4 (Cont'd

GENERIC SAFETY CONSEOUENCES YSI1S (Cont'd)

PRESSURE POTENTIAL POTENTIAL
DESCRIPTION RATING REASSEMBLY ERROR FAILURE
ITT-Grinnell Diaphragm 150 1. Bonnet and actuator assembly .a. Code violation
valve air cperated (ATO) from class 3, ATO valve. . Smaller actuator; siower valve
4 inch Stainless Steel ovening 8 clesing times
. Bonnet & actuator assembly .a. Code violation
from class 3, ATC valve. . Incorrect actuator action and system
operation.
l 108 Air operated (ATC) 3 300 1. Bonnet and actuator assembly 1.a. Failure of bonmet seal and/or bonnet
] from class 2, 150 psi, ATO cover, External leakage.
valve. b. Incorrect actuator action and system
operation.
11 Borg-llarner swing check 2 150 psi 1. Bonnet assembly from C.S. 1.2. corrosior and potential failure of
valvc@!&taiulus valve. bonnet. Contanimation of system from
corrosion products.
3inck g9 ich- Rav. ! b. Corvosion of C.S. seat. Loss of leak
tightness & check valwe function.
' Borg-Warner swing check 2 300 pst 1. Bonnet assembly from 150 1. Failure of bonnet seal and/or bonemet
' valve 10 inch Stainless psi valve. cover. External leakage.
Steel. .
2. Bonnet assembly from C.5. 2.a. Corrosion of bomnet. Potential
valve. failure of bomnet. Contamination

i of system from corrosion products.
b. Correston of C.5. seat. Loss of leak

tightness and check valve fumction.

¢. Corrosion and failure of .5, disk.

e o - —— — — ——

Borg-Warner swing check 2 150 psi 1. Bonnet assembly from C.S. 1.a. Corrosion and potential failure of

valve 10 inch Stainless valve. bonnet. Contamination of system from
cervosion products.

b. Corroston of C.S. seat. Loss of leak
tightness and check valwe function.

¢. Corrosion and failure of C.5. disk,

Rev.! sfz3fss
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QA/QC~-RT-149

TO: J. L. Hansel
FROM: J. N. Barger
DATE: June 19, 1985

SUBJECT: Valve Disassembly, Issue VII.b.2, Dis/Reassembly Procedural Control

REFERENCE: Memorandum QA/QC-RT-106

Review of the construction and QA procedures have been completed. Based on the
review it was found that construction procedure CP-CPM-9.18 Revision 0 and QA
procedure QI-QAP 11.1-26 require positive identification of parts for valves
listed in supplements of CP-CPM-9.18. This function is controlled by QI-QAP
11.1-26 which requires the use of an approved, standard form, QC Checklist
(QCV). The QCV 1lists inspection points for positive identification of valve
parts which includes body, bonnet and disc heat numbers and, where prescribed
the application of match marks for alignment purposes. Valves not addressed in
supplements of CP-CPM-9.18 are dis/reassembled in accordance with construction
operation travelers. These travelers are prepared in accordance with
construction procedure CP-CPM-6.3 and further covered in QA procedure QI-QAP
11.1-26. CP-CPM-6.3 requires that the valve part, serial or tag number be
recorded on the traveler prior to the start of valve disassembly. Additional
positive information such as body, bonnet and disc heat numbers were included in
some cases by personnel initiating the traveler, but was not required.
Subsequent to issuing CP-CPM-9,18 and QI-QAP 11.1-26, positive identification of
most valves were recorded prior to the start of valve disassembly.

A number of valves have been dis/reassembled more than one time. Therefore, it
is conceivable that a valve may have been dis/reassembled using the early
procedures and again using the current procedures.

Based on the forgoing it is concluded that valves reassembled using early
procedures had more potential for reassembly errors than using the procedures
now in effect. The significant difference being that the earlier procedures did
not require recording the bonnet, body and disc heat number before disassembling
the valve. The potential for reassembly error is considerably reduced for
valves disassembled for the first time after the establishment of the QCV.

N b2 - 7,0~)
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The assessment made in the reference memorandum has changed due to the large
percentage of valves dis/reassembled using early procedures and some valves
currently not covered by QCV. Therefore, the subpopulation for Issue VII.b.2
will not be made up of valves dis/reassembled using early procedures. The basis
for the subpopulation will be finalized and reported in the nesr future.

. Birger

cc: D. J. Alexander
M. Obert (@
V. Hoffman
FILE VII.b.2-4
File VII.b.2-9Y
ERC File

JNB/sp
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™: File
FROM: M. Obert
DATE: October 2, 1985

SUBJECT: Review of Procedures Pertinent to Valve Disassembly

The following procedures were reviewed including a review of the historical file
of previous revision:

Procedure No. Title

CP-CPM=-6.9 Ceneral Piping Procedure

CP-CPM~6.3 Preparation, Approval, and Control of
Operation Travelers

CP-CPM-9.18 Valve Disassembly/Reassembly

QI-QAP-11.1-39A Valve Disassembly/Reassembly

QI-QAP~11.1-~26 ASME Pipe Fabrication and Installation
Inspections

The results of these reviews are reported in Memorandum QA/QC-RT-149 dated
6/19/85 and in the ISAP VII.b.2 Results Report.

.

M. P. Obert —

MPO/my



r s
Revision: 1
11/25/85
Page 1 of 6
ITEM NUMBER VI11.b.2

GENERIC SAFETY CONSEQUENCES ANALYSIS

ITEM DESCRIPTION SAFETY PRESSUR: POTENTIAL POTENTIAL
CLASS RATING REASSEMBLY ERROR FAILURE & EFFECTS
1 ITT-Crinnell | 300 psi 1. Bonnet assembly from C.S. 1. No failure. All bonnets are Stainless
Diaphragm Valve valve. Steel with internals of same materials.
Manual 3/4 inch
Stainless Steel 2. Bonnet assembly from 150 psi 2. No failure. The bonnet and diaphragm
valve, thicknesses are the same for 150 psi and

300 psi valves.

3. Bonnet assembly from non-ASME 3. Code violation.

valve.

2 ITT-Grinnell 2 150 psi 1. Bounet assembly from non-ASME 1. Code violation.

Diaphragm Valve valve.

Manual 3/4 inch ]

Carbon Steel 2. Bonnet assembly from ASME 111, 2. Code violation.
Class 3 valve.

3 ITT-Grinnell 2 150 1. Bonnet assembly from C.S. 1. No failure. All bonnets are Stainless
Diaphragm Valve valve. Steel with internals of same materials.
Manual ! inch
Stainless Steel 2. Bonnet assembly from non-ASME 2. Code violation.

valve.
3. Bonnet assembly ASME III, 3. Code violation.

Class 3 valve.

¥ b2 - 68-¢



ITEM NUMBER VII.b.2

GENERIC SAFETY CONSEQUENCES ANALYSIS

Revision:
11/25/85
Page 2 of

DESCRIPTION SAFETY PRESSURE PATENTIAL POTENTIAL
CLASS RATING REASSEMBLY ERROR FAILURE & EFFECTS
ITT-Crinnell 3 300 1. Bonnet assembly from C.S. 1. No failure. All bonnets are Stainless
Diaphragm valve valve. Steel with internals of same materials.
Manual 2 inch
Stainless Steel 2. Bonnet assembly from 150 psi 2. a. Possible galling of Stainless Steel
valve. spindle (300 psi valve spindle is
brass).
b. No support cushion. Reduced diaphragm
life-increased maintenance.
3. Bonnet assembly from non-ASME 3. Code violation.
valve.
ITT-Crinnell 2 150 1. Bonnet assembly from C.S. 1. No failure. All bonnets are Stainless
Diaphragm Valve valve. Steel with internals of same materials.
Manual 2 inch
Stainless Steel 2. Bonriet assembly from non-ASME 2. Code violation.
valve.
3. Bonnet assembly from ASME 111, 3. Code violation.

Class 3 valve.




ITEM NUMBER VII.b.2

GERERIC SAFETY CONSEQUENCES ANALYSIS

Revision:
11/25/85
Page 3 of

TEM DESCRIPTION SAFETY PRESSURE POTENTIAL POTENTIAL
C1.ASS RATING PEASSEMBLY ERROR FAILURE & EFFECTS
ITT-Grinnell 2 300 1. Bonnet assembly from C.S. 1. No failure. All bonnets are Stainless
Diaphragm Valve valve. Steel with internals of same materials.
Manual 3 inch &
4 inch Stainless 2. Bonnet assembly from 150 psi 2. a. Possible galling of Stainless Steel
Steel valve. spindle (300 psi valve spindle is
brass).
b. No support cushion. Decreased
diaphragm life-increased maintenance.
3. Bonnet assembly from nen-ASME 3. Code violation.
valve.
4. Bonnet ascsembly from ASME III, 4. Code violation.
Class 3 valve.

ITT-Grinnell 2 30C 1. Bonnet and actuator assembly 1. a. Code violation.
Diaphragm Valve from Class 3 valve.
Air Operated (ATO) b. No failure. Actuator action and size
3/4 inch Carbon the same.
Steel
Stainless Steel 3 300 1. Bonnet and actuator assembly 1. No failure. All bonnets are Stainless

from C. Stl., Class 2 valve.

Steel with internals of the same
materials. Actuator action and size the
same.




Revision:

11/25/85

Page 4 of
ITEM NUMBER VII.b.2

CENERIC SAFETY CONSEQUENCES ANALYSIS

1

6

DESCRIPTION SAFETY PRESSURE POTENTIAL POTENTIAL
CLASS RATING REASSEMBLY ERROR FAILURE & EFFECTS
ITT-Grinnell 2 300 1. Bonnet and actuator assembly 1. a. Code violati.a.

Diaphragm Valve
Air Operated (ATO)
1 inch Stainless
Steel

from C. Stl., Class 3 valve.
b. No failure. All bonnets are Stainless
Steel with internals of the same
materials. Actuator action and size the

same .
2. Bonnet and actuator assembly 2. Code violation.
from non-ASME, 150 psi valve.
3 300 1. Bonnet and actuator assembly 1. Same as 2 above.
from non-ASME, 150 psi valve.
ITT-Grinnell 2 300 1. Bonnet and actuator assembly 1. a. Code violation.
Diaphragm Valve from Class 3 valve with ATC
Air Operated (ATO) actuator. b. Incorrect actuator action which would

2 inch & 3 inch
Stainless Steel

“ir Operated (ATC)

be discovered during testing.

2. Bonnet and actuator assembly 2. Code violation.
from non-ASME, 150 psi valve.

3 300 1. Bonnet and ATO actuator 1. Same as 2 above.
assembly from non-ASME, 150
psi valve. 2. Incorrect actuator action which would be

discovered during testing.




ITEM NUMBER VII.b.2

GENERIC SAFETY CONSEQUENCES ARALYSIS

Revision:
11/25/85
Page 5 of

Valve 3 inch &
4 inch Stainless
Steel Rev. |

corrosion products.

Corrosion of C.S. seat.

EM DESCRIPTION SAFETY PRESSURE POTENTIAL POTENTIAL
CLASS RATING REASSEMBLY ERROR FAILURE & EFFECTS
ITT-Grinnell 2 150 1. Bonnet and actuator assembly 1. a. Code violation.
Diaphragm Valve from Class 3, ATO valve.
Air Operated (ATO) b. Smaller actuator. Incorrect actuator
4 inch Stainless action which would be discovered
Steel during testing.
2. Bonnet and actuator assembly 2. a. Code violation.
from Class 3, ATC valve.
b. Incorrect actuator action which would
be discovered during testing.
Air Operated (ATC) 3 300 1. Bonnet and actuator assembly 1. a. Incorrect actuator action which would
from Class 2, 150 psi, ATO be discovered during testing.
valve.
Borg-Warner 2 150 psi 1. Bonnet assembly from C.S. 1. a. Corrosion and potential failure of
Swing Check valve. bonnet. Contamination of system from

Loss of leak

tightness and check valve function.




Revision: 1
11/25/85
Page 6 of 6

ITEM NUMBER VII.b.2

GENERIC SAFETY CONSEQUENCES ANALYSIS

EM DESCRIPTION SAFETY PRESSURE POTENTIAL POTENTTAL
CLASS RATING REASSEMBLY ERROR FAILURE & EFFECTS
Borg-Warner 2 300 psi 1. Bonnet assembly from 150 psi 1. Failure of bonnet seal and/or bonnet
Swing Check valve. cover. External leakage. '
Valve 10 inch
Stainless Steel 2. Bonnet assembly from C.S. 2. a. Corrosion of bonnet. Potential failure
valve. of bonnet. Contamination of system

from corrosion products.

b. Corrosion of C.S. seat. Loss of leak
tightness and check valve function.

c. Corrosion and failure of C.S. disk.

Borg-Warner 2 150 psi 1. Bonnet assembly from C.S. 1. a. Corrosion and potential failure of
Swing Check valve. _ bonnet. Contamination of system from
Valve 10 inch corrosion products.

Stainless Steel
b. Corrosion of C.S. mseat. Less of leak
tightness and check valve function.

c. Corrosion and failure of C.S. disk.

. 1 05/23/85
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QA/QC-RT-1638

March 13, 1986

Mr. Frank Milliken
ITT-Grinnell Valve Co., Inc.
P. 0. Box 6164

Lancaster, PA. 17603-2064

Dear Frank:

Enclosed please find a Record of Telephone Conversation for our telecon
of March 13, 1986. Please review it for correctness and completeness.

Please advise me of any comments at (817) 897-8962. If you have no comments,
please note your concurrence (inital and date) and return a copy in the
enclosed addressed envelope.

M1 Obert

ERC

c/o Texas Utilities GCenerating Co.
Comanche Peak 5team Electric Station
P. 0. Box 1002

Glen Rose, Texas 6043

2600 Virgima Avenue NW. Sutte 707 Washington, DC 20037 « 202/342-6795 ? .:‘2?.
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INCOMING . OUTGOING _X_ TIM

Person called:

RECORD OF TELEPHONE CONVERSATION

PAGE 1 OF 1
ALM, OW, DATE. March 13, 1986

V] 9‘Titie:gA Division Manager

0:30

Representing:  ITT-Grinnel Tel. (712) 291-1901
Person Ceiling: Mike Obert QEE Title: ISAP VII.b.2 Issue C

Rep:resenting: ERC ‘Tel. (871) R97-8962

Other Parties involved: None

REF,
ITEM

TOPICS

I discussed with Mr. Milliken the differences between the bonnet assemblies
of an ASME diaphragm valve and a non-ASME diaphragm valve. He stated the
differences are as follows:

- The castings used for making the bocnnets are purchased from the
foundry by ITT-C under differe~t specifications. For ASME valves,
an ASME material spec. is usea and for non-ASME valves an ASTM spec.
is used. The samz pattern is used for the castings of both ASME
and non-ASME bonnets. The only difference in the castings is the
paperwork that accompanies them. The chemical and physical properties
of the metal required by the ASME material spec. are the same
properties specificd in the ASTM material spec.

- The machining of the bonnets for both ASME and non-ASME bonnets is
essentially the same. Again the only differences are in paperwork.

- There is more QA involvement in the repair of any defects found in
ASME bonnets.

- The post manufacturing Non Destructive Examination program is the
same for both ASME aud non-ASME bonnets so it is not any more likely
that a non-ASME valve bonnet with an undetected defect be shipped than
an ASME valve bonnet.

It is a correct conclusion that there is no functienal difference

between an ALME and non-ASME bonnet. They are physically the same with

a different "pedigree" or paperwork package.



