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INDIANA & MICHIGAN ELECTRIC COMPANY

P.O, BOX 16631
COLUMBUS, OHIO 43216

May 29, 1986
AEP:NRG:0775AE

Donald C. Cook Nuclear Plant Unit Nos. 1 and 2
Docket Nos. 50-315 and 50-316 s
License Nos. DPR-58 and DPR-74

EQUIPMENT ‘ENVIRONMENTAL QUALIFICATION-AUDIT

Mr. Harold R. Denton, Dlrector

Office Nuclear Reactor Regulatlon
U.S. Nuclear Regulatory Commission” .-
Washington, D.C. 20555 . S

Deaxr Mr. Denton:

During the April 30, 1986 exit interview followxng audit of the D. C.
Cook Plant Equipment Qualelcatlon files, twelve items were identified which
required futhexr information. Pursuant to discussions with members of your
staff as well as Mr. Taylox’s staff, I&MECo has reviewed available
information. Based on our understanding of the items, we are providing the
requested additional information as attachments to this letter. A summary of
the resolution of these items is given in Attachment 1, and the supporting
documentation is provided in Attachments 2 through 9.

This document has been prepared following Corporate procedures which
incorporate a reasonable set of controls to insure its accuracy and
completeness prior to signature by the undersigned.

Vexry truly youxs,

MPA/xjn *

cc: John E. Dolan
W. G. Smith, Jr. - Bridgman

R. C. Callen
G. Bruchmann
G. Charnoff

NRC Resident Inspector - Bridgman
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page No. XII~6
~ Report No. 45603-1
( :ification Plan No. 45386-1

Page No. 1

REVISION A

1.0

1.1

1.2

SCOPE

This document has been prepared by Wyle. Laboratories for Marathon

Special Products, hereinafter referred to as the equipment supplier, for
equipment used in various nuclear power generating stations.

Objectives .

The purpose of this Qualification Plan {is to present the approach,
methods, philosophies, and procedures for qualifying Fixed Barrier
Terminal Blocks (Series 1500 NUC and 1600 NUC) and Power Stud B8locks
(Serfes 142 NUC), assembled and/or manufactured by Marathon Special
Products, for use in various nuclear power generating stations. The
devices shall be qualified for use with metallic terminal 1lugs
(uninsulated) and housed in a metal enclosure with a gasketed door.

Nuclear environmental qualification of any safety-related device to meet
the intent of IEEE 323-1974 {s usually a three-step process, i.e., 1)
radiation exposure; 2) aging; and 3) design basis event qualification
(seismic, and, for equipment inside containment, LOCA). The purpose of
the first two steps is to put the sample equipment to be used for
qualification into a condition that represents the worst state of
deterioration that a plant operator will permit prior to taking
corrective action, {.e., its end-of-qualified-1ife condition. The next
step demonstrates that it still has adequate integrity remaining to
withstand the added environmental stresses of specified design basis
events and stil1l perform its safety-related functions.

It §s incumbent on the equipment supplier to assure that the components
and materials contained in the equipment actually placed into service
are the same as those qualified. ‘ .

Applicable Qualification Standards, Specifications, and Documents

] IEEE 323-1974, "“IEEE Standard for Qualifying Class
1€ Equipment for Nuclear Power Generating Stations"

0 [EEE 344-1975, “IEEE Recommended Practices for
Seismic Qualification of Class 1E Equipment for
Nuclear Power Generating Stations"

NUREG 0588
Reg. Guides 1.89 and 1.100

“Seaver Valley Power Station - Unft No. 2, J.0. No.
12241 - 0.F.E. No. 10080 - C.0. No. 6289, Ouquesne
Light Company, Environmental Qualification Testing
of Marathon 1500 Serijes Terminal Blocks," Letter, S.

. L. Chapin, Jr. (Stone & Webster) to. H. Black
(Marathon), dated August 22, 1980

WYLE LABORATORIES FORM 1109 2 Rev Oct 79
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Quali’.T\tion Plan No. 45386-1

. Page No. 2
REVISION A
O 1.0 SCOPE (CONTINUED) . |
‘ 1.2 Applicable Qualification Standards, Specifications, and Documents ’
(Continued) )
0 Document No. 251/140, “Allens Creek NGS Unit No. 1,
i Class 1E Terminal Blacks Test Condition,” Letter, J.
Tana (EBASCO) to H. 8lack (Marathon), dated October
1, 1980

0 “Beaver Valley Power Station - Unit No. 2, J.0. No.
12241 - 0.F.E. No. 10080 - C.0. No. 6289, Purchase
Order No. 28V-821, Terminal B8lock Qualification
Testing,* Letter, S. L. Chapin, Jr. (Stone &
Webster) to J. Keglewitsch (Marathon), not dated

0 Document No. AC-ES-MA-01, "Allens Creek HGS Unit No.
1, Class 1lE Terminal Blocks, Revision Seismic
Spectra,” Lletter, J. Tana (EBASCO) to H. Black
{Marathon),. dated October 14, 1980

0 Commonwealth Edison Environmental Accident Profiles
and Seismic Curves, Letter, D. C. Lamken (Common-
wealth Edison) to C. G. Poplin (Wyle), dated October
14, 1980

0 Commonwealth Edison Test Parameters for Joint Quali-
fication Program, Marathon Terminal Blocks, dated
September 11, 1980 '

0 Letter, 0. C. Lamken, Commonwealth Edison, to G.
Endicott, Wyle, dated February 9, 1981

1.3 Equipment Description

The test specimens to be supplied by the equipment supplier shall consist
?f three (3) Terminal Block Assemblies, each consisting of the following
tems: .

B e e e T
a
. .

) Two (2) Marathon Fixed Barrier Terminal Blocks,
Series 1600 NUC, Type 1612929, 600 Volts, 75
Amperes, 12 Point

Dimensions: 9"L x 2"W x 1-3/16"H
Weight: Approximately 1 pound

- >+ i bgnr BB grm ap 2y 3

o Two (2) Marathon Fixed Barrier. Terminal Blocks,
;] Series 1500 NUC, Type 1512929, 600 Volts, 75
o Amperes, 12 Point

Dimensions: 8-1/4"L x 2"W x 1-3/16"H
Weight: Approximately 1 pound

WYLE LABORATORIES FORM 1109-2 Aev (st 79
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Page No. 3
{ ‘ REVISION A
] ‘ll“’ .
€ 1.0 SCOPE (CONTINUED) .
1.3 Equipment Description (Continued)

o Two (2) Marathon Power Stud Blocks, Series 142 NUC,
Type 1423589, 600 Volts, 3 Circuits, 1/4-20 Studs

Dimensions: 2-3/4"L x 2-7/8"W x 1-3/4"H
Weight: Approximately 1 pound

o

One (1) Type 4 NEMA Enclosure, Hoffman, Single-Door,
Part No. A20H20ALP

Dimensions: 20" x 20" x 6"

P

Weight: 38 pounds )

% ) One (1) NEMA Mounting Panel, Hoffman, Part No. A-
: 2020 |

- Dimensions: 17% x 17*
‘ Weight: 9 pounds .
; o -Cable conduit (2), metallic, 1-1/2* I.D., 900 bend,
: mounted to the top panel of the NKEMA enclosure
§ o Cable, Delco, #8 AWG, Teflon {nsulation, 4-inch ‘
: se?t;ons (not to be qualified, for test purposes
i only ,

0 Terminal Lugs, ring-tongue, copper/tin plated,
uninsulated, #8 AWG barrel:

1) For 1512929 and 1612929 8locks: .190-inch hole
2) For 1423589 Blocks: .270-inch hole

The Terminal Block Assemblies shall be preassembled by the equipment
supplier per the following:

1)  Jumper wires shall be prepared, using commercially
available crimping machinery, to assure uniform
terminal lug/cable connection. Each end of each 4-

- inch cable section shall be stripped to bare wire .

} per standard commercial practice. Uninsulated .

metallic terminal lugs shall be attached to each

bare end of each wire.

U A . 2 i S @ &

T s e

2) The termina) blocks and power stud blocks shall be
attached to the appropriate mounting panel, using
commercially available bolts, nuts, and washers, as
shown in Figure 2.

WYLE LABOCRATORIES £ORM 1109 2 Rev Ot 19
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Page No. 4‘
REVISION A

1.0 SCOPE (CONTINUED)
1.3 Equipment Description (Continued)

3) Each Type 1512929 or 1612929 terminal block shall
require ten (10) jumper wires. Each Type 1423589
power stud block shall require one (1) jumper wire.
The wires shall be instalied on each block per the
wiring dfagram(s) depicted in Figure 1. When

. connected as shown, two (2) separate series circuits
occur through each block. These circuits parallel
each other for the entire length of each block
(1.e., one circuit utilizes odd-numbered terminals,
the other circuit ut{lizes even-numbered
terminals). During installation, terminal
screws/nuts shall be tightened in accordance with
the equipment supplier’s recommendations, as
follow, to simulate actual installation-procedures.

0 Even number series circuit (reference Figure 1)
shall be torqued to 25 (+0, -5) inch-pounds.

0 0dd number series circuit (Reference Figure 1)
shall be hand tightened until snug, then
tightened an additional 1/8 to 1/4 turn.

4) The cable conduits shall be affixed to the top panel
of. the NEMA enclosure, using standard conduit
mounting hardware,

5) Two (2) 1/4-inch drain holes shall be drilled in the
bottom panel of the NEMA enclosure 1in diagonally
opposite corners. :

In addition to the items specified above, the equipment supplier shall
furnish the fo11owjng: ;

o Three (3) "durmy® NEMA enclosures shall be required to allow
for accident (LOCA) chamber calibration.

0" Terminal lugs, ring-tongue, copper/tin plated, uninsulated, #8
AWG, uncrimped, quantity (TBD)*

* TBD = To Be Determined

WYLE LASORATORIES FORS 11082 Rev 0t 79
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REVISION A

TR

1.0
1.4

1.5

1.5.1

SCOPE (CONTINUED)
Qualification Sequence

Qualification shall be performed in the following sequence. It is con-
sidered that the radiation exposure and the aging effects on the
equipment are cumulative and result in the same effects as simultaneous
exposure experienced while operational in a nuclear power plant.
Baseline Functional Tests

Radiation Exposure

functional Test

Thermal Aging

Functional Test .

Vibration Aging

Functional Test

Seismic Qualification

Functional Test

Accident Qualification

Functional Test

0 Post-Test Inspection

© 0 0 0O 0 0O 0O 0 O o

Radiation prior to thermal aging is normally a more severe test sequence.
Tests sponsored by the NRC and reported by Sandia Laboratories in Report
No. SAND-79-092CK have shown that radiation may sensitize some
polymers, which causes them to degrade to a greater extent when followed
by thermal aging. The report states that the mechanistic postulate {is
that radiatfon-cleaved bonds, in the form of radicals, react with oxygen
to give degradation products, including peroxides. The peroxides are
chemically weak links which are susceptible to thermal cleavage. This
thermal peroxide cleavage gives more radicals which, in the presence of
oxygen, lead to more degradation and more peroxides.

Test Specimen Confiqurations

The test specimens shall be received by Wyle Laboratories in the
configuration presented in Paragraph 1.3. At various stages of the test
program, minor modifications to the initial configuration shall be
required. The following presents these modifications as they apply to
the test sequence. .

Confiquratfon - A (Functional Tests, Vibration Agqing, Seismic
Qualification, and Accident Qualification)

 This designation refers to the original test specimen configuration, as

described in Paragraph 1.3.

i i At A b T S e Tt
w
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‘ Page No. 6
| REVISION A

1.0
1.5.2

1.5.3

SCOPE (CONTINUED)
Configuration B (Radiation Exposure)

The Jjumper wires installed on each Terminal Block Assembly shall be
removed and replaced by uninsulated metallic terminal lugs thcrimped)
which are identical to those used on the jumper wires. Appropriate
terminal screws/nuts shall be tightened to the torque values specified

in Paragraph 1.3.
Confiquration C (Thermal Aging)

Same as Configuration B, except all mounting panels (with terminal
blocks attached) shall be removed from thefr respective enclosures.
Each vacant enclosure and each.terminal block/mounting panel combination

shall constitute a subassemdiy.

WYLE LABORATORIES
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" Page No. 13
REVISION B

3.4.1

’,

QUALIFICATION PROGRAM (CONTINUED)

Aging

The desired qualified 1ife of the subject equipment {is 40 years. The
desired qualified 1ife for components is also 40 years. Where 40-year
qualified 1jfe for components is not demonstrated during the test pro-
gram, a shorter qualified 1ife shall be established and the component
assigned a maximum maintenace-replacement interval no greater than its
qualified life.

Each component in the subject equipment has been reviewed for function
and age-related faflure mechanisms which could affect its function. A
matrix, Table I, has been prepared which defines the components, manu-
facturer ratings, materfals, service conditions, and aging mechanisms.
A literature search of Hyle's Aging Library has been ut{lized to
obtain auditable aging data. This data was used to define artificial
aging procedures. The aging mechanisms to be addressed for this
equipment are time-temperature effects and humidity effects.

Time-Temperature Effects

For many materials normal temperature conditions coupled with time
create an aging mechanism known as time-temperature effects. The
significance of these effects is strongly dependent on the type of

material under consideration. :

" In general, materials may be classified in one of three broad

categories:

'1)' Organic materials (i.e., polymers, Tubricants, etc.)
2) Inorganic materials (i.e., ceramics, minerals, etc.)
3) Metallic materials
It can be shown that the deterioration due to time-temperature effects

is insignificant for inorganic materials since these materials exhibit
no permanent changes in geometry or properties for the time period

‘under consideration (Reference 1). -Similarly, time-temperature

effects are judged to be insignificant for metallic materials during
the same time frame.

In contrast, it {is known that time-temperature aging effects can
result in significant deterioration of many organic materfais. As
noted in Reference 2, *"The exposure of polymers to the influence of
environmental factors over a perfod of time generally leads to
deterioration in physical properties.” ’

WYLE LABORATORIES
Huntavilte Fecility




oY 1PPLT Y ey T

Nins 2 re .

Yon

O S T L L T T S ey —

laaaa o o8 o DI

Page No. X1I-19
Report No. 45603-1
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-~ Page No. 14
REVISION A

3.0
3.4.1

QUALIFICATION PROGRAM (CONTINUED)

Time-Temperature Effects (Continued)

The present state-of-the-art will allow for artificial acceleration of
the time-temperature effects associated with organic materials by
increasing the temperature, Therefore, the aging of these component
shall be based on their organic materijals.’ )

For many organic materials, ft is known that the degradation process can
be defined by a single temperature-dependent reaction that follows the
Arrhenfus equation (References 3 and 4):

k = Aexp (-(Ea/kg T)) (1)

where,
k = peaction rate
A = frequency factor
exp = exponent to base e
Ea = activation energy
kg = Boltzmann's Constant
T = absolute temperature

It is further noted that, for many reactions, the activation energy can

. be considered to be constant over the applicable temperature range.

Equatfon (1) can be transformed fnto a form which yields an acceleration
actor,

The acceleration factor is defined as tz/t].
The;equation is:

ta/t1 = exp (-(Ea/kg)(1/T1 - 1/72)) (2)

where,

t1 = accelerated aging time at temperature Ty

t2 = normal service time at temperature T2

exp = exponent to base e

Ea = activation energy (eV)

kg = Boltzmann's Constant (8.617 x 10-5 ev/oK)

Ty = accelerated aging temperature (OK)

T2 = .normal service temperature (%K)

The transformation of the yveaction rate form of the Arrhenius equation to
an acceleration form is accomplished as follows:

WYLE LABORATORIES FORM 1109 2 fev Oc1 79
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Page No. 15
REVISION A

3.0
3.4.1

QUALIFICATION PROGRAM (CONTINUED)

Time-Temperature Effects (Continued)

Life 1s assumed to be inversely proportional to the chemical reaction
rate (References 3 and 4). In terms of 1ife, and after converting to
Napferian base logarithms, Equation (1) becomes:

ln (1ife) = (Ea/kg)(1/T) + Constant (3)
Equatfon (3) has the algebraic form:

ys=mx +b . (&)
where, v

y = 1n (life)

X = /T

m = Ea/kg, constant for single dominant reactions

b = constant

The constants, m and b, can be estimated by fitting the experimental data
in the form of 1n (life) versus 1/T into the above simple linear
relationship.

The derivation of an acceleration factor is accomplished by taking the
difference between any two points of the linear relationship.

Thus, if we substitute t for life into Equation (3), we abtain:

In t = (Ea/kg)(1/T) + Constant . (5)
For the set of points (t}, T1), Equation (5) becomes:

In t =.(Ea/k3)(1/T1) + Constant (6)
For the set of points (tp, T2), Equation (5) becomes:

In tp = (Ea/kg)(1/T2) + Constant (7)
Subtracting Equation (6) from Equation (7) yields:

Inty - Inty = (Ea/ka)(llT%) + Constant

- (Ea/kg){1/T1) - Constant (8)
Simplifying and rearranging of Equation (8) yields:
" In (ta/t1) = -(Ea/kg)(1/Ty - 1/T2) - (9)
WYLE LABORATORIES FORM 1109 2 Aev Oct 79
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REVISION A

3.0
3.4.1

QUAL IFICATION PROGRAM (CONTINUED)

Time-Temperature Effects (Continued)

Taking antilogarithms yields:
t2/t] = exp (-(Ea/kg)(1/T1 - 1/T2)) (10)
Equation (10) is the same as Equation (2).

The acceleration factor (t? is the reciprocal of the time compres-
sion factor, (t1/t2). Taking the reciprocal of .Equation (10) yields:

t1/t2 = exp ((Ea/kp)(1/Ty - 1/72)) (11)
Solving Equation (11) for t; yields:
‘ t1 = t2 exp ((Ea/kg)(1/Ty - 1/T2)) (12)

Equation (12) can be used to derive the accelerated aging times for
materials with known activation energies. In many cases, it 1is not
practical to independently accelerate the time-temperature effects of

each organic materfal. In this case, a determination is made as to which
material has the lowest activation energy. _fJ;3ggg;sgmgg__gung_gffggxs_
accelerate ased upon the lowes activation enerqy for
conser tism. This assures that the degradation of each age-sensitive
material is accelerated to at least the equivalent degradation as that to

be encountered during the qualified 1ife.

The conservatism of basing accelerated aging on the lowest activation
energy is demonstrated as follows:

The acceleration factor (t2/t1) of Equation (10) {s greater than 1, for a
constant activation energy, when the accelerated aging temperature T Is
greater than the normal service temperature To.

with T) greater than T2, the term (1/T] - 1/T2) s negative. This
negative muiltiplied by the negative in the exponent results in a positive
exponent. A positive exponent, 1in turn, results in an acceleration
factor greater than 1.

The acceleration factor versus (1/T) for varfous activation energies is
plotted in Figure 45. Since the slope of each plot is proportional to
the activation energy, per Equation (4), it is shown that a lower
activation energy causes a lower slope. Thus, for a given accelerated
aging temperature, different activation energies cause different
acceleration factors, assuming that the normal service temperature {is
the same. This is demonstrated in the following example.

WYLE LABORATORIES FORM 11032 Aev Oct 73
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REVISION A

3.0
3.4.1

QUALIFICATION PROGRAM (CONTINUED)

Time-Temperature Effects (Continued)

EXAMPLE: Assume that a system consists of four (4) materials which have
activation energies of 0.4, 0.8, 1.0, and 2,0 eV. It {s assumed that
each material is normally at a service temperature of 300C for a quali-
fied 1ife of 40 years. It is further assumed that accelerated thermal
aging shall be performed at 500C. ‘

If the accelerated aging program {is based upon the material with an
activation energy of 1.0 eV, the following results:

The relationship for the curves of Figure 1 {s generated from Equation
(10) and is defined as: '

ta2/t] = exp (-(Ea/kg)(1/Ty ~ 1/T7)) (13)

Substituting Ea = 1.0 eV, Ty.= 3230K, T2 = 3030K, {into Equation (13)
yields an acceleration factor of approximately:

ta/ty = 11 (14)

Thus, for a normal service time of 40 years (t2 = 40), the accelerated
aging time from Equation (14) is:

t] = 40/11 = 3.64 years (15)
Therefore, using the accelerated thermal aging program of 500C for 3.64
years, the equivalent demonstrated normal service times at 300C.for the
other materials with activation energies of 0.4, 0.8, and 2.0 eV can be
calculated using Equation (13).

Thus, for Ea = 2.0 eV,

t2 = 3.64 exp (-(2.0/8.617-5)(1/323 - 1/303)) (16)

ty - 418 years ' (17)
For €Ea = 0.8 eV,

t2 = 3.64 exp (-(0.8/8.617 x 10-5)(1/323 - 1/303)) (18)

t2 = 24.3 years (19)
For Ea = 0.4 eV,
Vd
ta = 3.64 exp (-(0.4/8.617 x 10-5)(1/323 - 1/303) (20)
t2 = 9.4 years o (21)
WYLE LABORATORIES FORM 1109 2 Rev Oct 79
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REVISION A

3.0
3.4.1

QUALIFICATION PROGRAM {CONTINUED)

Time-Temperature Effects (Continued)

Thus, it is seen that materials with activation energies less than 1.0,
upon which the aging program was based, are underaged by the accelerated
aging of 500C for 3.64 years.

In order to assure the demonstration of a 40-year service time for all
materials, the lowest activation energy should be chosen.

Basing the accelerated aging program on the lowest activation energy of
0.4 eV results in the following:

Substituting Ea = 0.4 eV, T} = 3230K, T2 = 303%K, into Equation (13)
yields an acceleration factor of approximately

ta/t] = 2.6 (22)
Thus, the aging time {s:
"t = 40/2.6 = 15.4 years (23)

Rechecking the other materials for adequate aging results in the follow-
1ngofor an accelerated aging program of ti = 15.4 years, Ty = 323%K, T2 =
3039K.

For Ea = 0.8 eV,

ty = 103 years : d (24)
For Ea = 1,0 eV,

t2 = 165 years (25)
For Ea = 2.0 eV,

t2 = 1,768 years _ (26)

Thus, it has been demonstrated that basing an accelerated thermal aging
program on the lowest activation energy, when the baseline temperatures
are common, provides the conservatism desired.

END OF EXAMPLE

For components with time-temperature-related aging mechanisms, the aging
was based upon aya11ab1e.aud1tab1e aging data.

Where adequate information was available, a determination of age sensi-
tivity was performed to determine the qualified life goal. Those items
found to be age insensitive are noted in the column entitled "Aging
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REVISION A

3.0
3.4.1

QUALIFICATION PROGRAM (CONTINUED)

Time-Temperature Effects_(Continued)

Mechanisms, Time-Temperature Effects,” Table I. A reference was made
for the conclusion of age insensitivity. These references are to para-
graphs in this document which justify the conclusion, reference docu-
ments, or other basis, such as inorganic materials.

For organic materials, a determination was made as to whether the

material can be qualified for a 40-year life. This was done by using the
normal service temperatures for the baseline temperature. For each

organic material, the applicable Arrhenius equation was evaluated, using
the baseline temperdture, as demonstrated éy the following example:
The Arrhenius equation, Equation (3), {is repeated:

In (1ife) = (Ea/kg)(1/T) + Constant (27)

A substitution shall be made for the applicable slope ‘and constant and
the equation evaluated, e.g., for laminate, XXX, Item1.1.6, Table I, for

mechanical properties, the Arrhenius curve 1is: .
In (1ife) = 14101.11669 (1/T) - 24.3612882 (28)
For a baseline temperature of {2§2§_(57.2°C):
T = §7,20C + 2730C = 330:%0K (29)
1ife = greater than 10,000 years (30)

It is concluded that this laminate, XXX, can be qualified for 40 years at
a baseline temperature of 57.20C. .

Based on a baseline temperature of 135°F; which shall be exper}enced for
over 99% of the desired qualified 1ife, projected lives of the remaining
organic materials considered in this qualification program are:

Material Projected Life (Years)
Phenolic (Genal 4000) 1.47 million

Phenolic (G.E. 12968) 2.75 million

Neoprene . 42.2

The applicable Arrhenius equation refers to the equation which is most

- appropriate to the material application when more than one equation is

known.

.
’

For components with time-temperature-related aging mechanisms, the aging

was based upon availablé auditable aging data, as noted in Table I.
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Page No. XII=-25
Rececrs No. 45603-1 -

lification Plan No. 45386-1
Page No. 20
REVISION A

3.0
3.4.2

3.5
3.5.1

3.5.1.1

3.5.1.2

3.5.2

QUALIFICATION PROGRAM.(CONTINUED)

Humidity Effects

Humidity effects are not considered to be an aging mechanism for terminal
block assemblies. The ability of the equipment to perform within its
relative humidity environment shall be demonstrated when safety-related
functions are tested during the design basis accident.

Aging Analysis

Time-Temperaturé Effects

The time-temperature effects can be accelerated by increasing the
temperature, as explained in Paragraph 3.4.1. A review of the materials
indicates that the neoprene gasket utilized in the Type 4 NEMA enclosure
will require the greatest amount of thermal aging. In order to avoid
excessive thermal degradation of the terminal block specimens, the
mounting panels (with terminal blocks attached) shall be removed from
their respective enclosures and thermally aged independent of the vacant
enclosures. This corresponds to Con?igurat?on T, described In Paragraph
5.3

It is desirable to thermally age the equipment in one (1) environmental
chamber. Therefore, the maximum aging temperature has been based on the:
Towest rated temperature, 1200C, éor neoprene (ltem 1.3.2, lable I).

NEMA Enclosure Subassemblies

For the vacant NEMA enclosures, a review of the materials indicates that
the materfal with the lowest activation enerqy is the neoprene, Item
1.4.2, Table I, with a value of 1.05 eV, based on mechanical properties
(Reference 8). Calculations based on this value, the baseline

temperatures presented in Paragraph 2.1.1, and a projected quatlified
1i{fe of 40 years, yield a thermal aging time of 44 days (1,056 hours) at

1200¢C.
Terminal Block/Mounting Panel Subassemb1fes

For the terminal block/mounting panel subassemblies, the material with
the lowest activation energy is the NEMA Grade XXX laminate, Item 1.1.6,
Table I, which has a value of 1.21 eV, based on mechanical properties
(Reference /). Calculations based on this value, the baseline
temperatures presented {in Paragraph 2.1.1, and a projected qualified

1gggcof 40 years yield a thermal aging time of 18.5 days (443 hours) at

Functional Test

S/

The equipment shall be converted to Configuration A, Paragraph 1.5.1,
and functionally tested per Paragraph 3.2.

. o .
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TABLE I. AGING MATRIX AGING HECHANISNS
HANUFACTURER®S
RATING .
ENVIRONRENTAL ACTIVATION TIME- RADIATION
Ites . AD EHERGY TEMPERATURE DAMAGE
No. ITEM AND MAHUFACTURER OPERATIONAL MATERIALS {eV) APPLICATION EFFECYS THRESHOLD
1.0 Assembly, Marathon Terminal
Blocks, NEMA Type 4 Enclosure,
Terainal Lugs, Cable
Condufts (2();
1.1 Terminal Blocks (2), Marathon 1500C
Fixed Barrier, Serfes 1500
NUC (Nuclear Grade), Type
1512929, 12-Point, 600 Yolts,® .
15 Amperes
1.1.1 | Molded Block, P/N 9783612 1500C Cellulose Phenolic, 6.E. 1.59(Ref 5) X 2.7 x 106
Type P-4000 (Ref 6)
1.1.2 410-32 Insert, P/N 9743805 Brass, COA Alloy 360 NAS(Para 3.3{1)
1.1.3 | Connector, P/N 9064121 Brass, CDA Alloy 260 .
1.1.4 #10-32 Masher-Head Machine Brass, COA Alloy 360 ® .
% } Screw, P/R 9743307
1.1.5 | #4-40 Pan-Head Screw Stainless Steel .-
1.1.6 ]Marking Strip, .060 Thick, 1400¢ - | HEMA Grade XXX Laminate 1.21(Ref 7) X .
P/n 9795012
1.2 _|Terminal Blocks (2), Marathon 1500C SAME AS ITEH 1.1
Fixed Barrier, Series 1600
NUC (Muclear Grade), Type
1612929, 12-Point, 600 Volts,
15 Amperes gy
L]
1.2.1  |Holded Block, P/N 9740612 1500¢ . ?; ;
:é .
g
lia
LEGEND: larfal is sensitibe to the aging mechanisn. *

NAS = Hot Age Sensitive; X = Hay
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TABLE 1. AGING MATRIX (CONTINUEO

AGING MECHANISNS

MANUFACTURER’S
RATING
ENVIRONMENTAL ACTIVATION TIKE- RADIATION
Item MD . EHERGY TEHPERATURE DAKAGE
No., ITEM AND MANUFACTURER OPERATIONAL MATERIALS {aV) APPLICATION EFFECTS THRESHOL D
1.2,2 '] 10-32 Insert, P/N 9743805 Semc as Item 1.1
1.2.3 Connector, P/¥ 9064121 .
1.2.4 #10-32 Hasher-Haad Bachine .
Screw, P/N 9743307
1.2.5 JA-40 Pan-Head Screw, .
P/X 9784035
1.2.6 | Marking Strip, .080 Thick, 140°C .
P/N 9795112
1.3 Terminal Blocks (2), Marathon 1500C
Power Stud Block, Series 142
KUC (Nuclear. 6rade), Type
1423589, 3 Civcuits
1.3.1 ]} Molded Block, P/N 9703613 1500 6.E. 412968 Genaral Purposh 1.67(Raf 5) X 2.7 x 166
Phenolic Holding Compound \ (Ref 6)
1.3.2 | Screw, Self-Tapping, Steel NAS(Para 3.3]1)
P/N 9782508
1.3.3 Connector Assembly,
P/H 9513130
1.3.3.1 | Stud, 1/4-20 NC Thread, Brass .
P/R 9711606
1.3.3.2 | Connector, P/H 9513113 Copper, CDA Alloy 260 » s
; LY
[V ]
4 g
'é .
LI 1
]
ad
8 (V.3
LEGEND:| NAS = Not Age Sensitive; X = Maferial is sensitive to the aging wmachanism. 0 __J

nc_‘on ofed
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TABLE 1. AGING MATRIX (COMTINUED

AGING MECHANISMS

MANUFACTURER®S
RATING )
ENVIROHHENTAL ACTIVATION TINE- RADIATION
Item AND ENERGY TENPERATURE DAMAGE
“Ho. ITER AND MANUFACTURER OPERATIONAL HATERIALS (a¥) APFLICATION EFFECTS THRESHOLD
1.4 Asseably Enclosure, Hoffman,
HEMA Type 4, Single-Door,
20" x 20* x 6%, P/H A20120ALP
1.4.1 Body, Door, Hinges, Hinge Pins, Stee) NAS(Para 3.3.1)
Clamps, Clamp Screws, Hasp,
Staple, Gasket Rataining Strip,
Feet -
1.4.2 | Gasket Keoprene 1.05(Raf 8) X 2 x 105
{Ref 6)
1.4.3 Gasket Adhesive Hot Safety
Related
1.4.4 Paint Acrylic .
1.5 Enclosure Mounting Panel, Steel NAS{Para 3.3}1)
Hoffman, 17% x 17%,
P/N A-20P20
1.6 Terminal Lugs, #8 ANG, Hatallic .
Uninsulated | -
1.7 Cable Conduits {2), . . . .
90%end, 1-1/2* 1.0.
<
§3
g
x 3
‘N
&8
o w
8 [
LEGEND aria) is sensitiie to the aging cachanism, o}

NAS = Not Age Sansitive; X = Ma?
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TABLE 1. AGING MATRIX (CONTINUED]

AGING MECHAMISNS

-

MANUFACTURER'S
RATING
ENVIRONMENTAL ACTIVATION TIHE- RADIATION
iten - MAD - ERERGY - TERPERATURE DAMAGE
No. 1TEH AND HANUFACTURER OPERATIONAL HATERIALS {aV) APPLICATION EFFECTS THRESHOLD
2.0 Assesbly, Marathon Terminal SAHE AS ITEH 1.p
8locks, NEMA Typa 4
Enclosure, Cable, Tarminal Lugs, ’
Cable Conduits (2)
3.0 -] Assembly, Marathon Terminal SAME AS ITEH 1.&
Blocks, NEMA T 4 A
Enclosure, Cable, Terminal
Lugs, Cable Condults (2)
b ~ N
2w
Be
%
*
F 3 1]
. o d
« 8 -~
LEGEND:] NAS = Not Age Sensitive; X e mrrhl is sensitile to the aging machanisa, O
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SCEW Sheet TC-13 Revisions




P S bty 7 i & e e e o P

9.

SUBJECT:

FROM:

TOs

CANE

AMERICAN ELECTRIC POWER SERVICE CORPORATION ( A E P

<

ry
OweR sySTEM

May 21, 1986

D. C.

Cook Units 1 & 2

SCEW Sheet TC-13 Revisions

R. G. Heurich '

CEEQF #0000A

The following changes were made to SCEW sheet TC-13, for both
units, as a result of the NRC audit.

1)

2)

3)
4)
5)
6)
7)

8)

9)

10)

Added Penn Union and Marathon as the manufacturer.
These are the two types of terminal blocks used at D. C.
Cook , .

Added model numbers a) 6000 series (Pehn Union) b) 1600
series (Marathon)

Changed system from "various" to "see attached list".
The attached list contains all the device systems where

~ the marathon and Penn Union terminal blocks are found.

Deleted qualification document reference CEEQF#63K.
Test report lasts longer than what the TB's will see in
an accident outside containment

Added qualification document reference CEEQF#45C.
CEEQF#45C contains the qualification test report for
Marathon terminal blocks.

Added qualification document reference CEEQF#46.
CEEQF#46 replaces CEEQF#45 for Penn Union terminal
blocks. Conax report IPS-349 (#46) includes radiation
while. Conax report IPS-339(#45) does not.

For aging, changed ualification document reference
CEEQF#177 to #1T7A ?Penn Union) and to #45C (Marathon).

For qualified environmental temperature, "3840F" was
added for Marathon Terminal Block.
s

For qualified environmental pressure, "94.7" PSIA qas
added for Marathon terminal block.

For qualified environmental chemical spray, "2000ppmB pH
8,5-10.5" was added for Marathon terminal block.

INTRA-SYSTEM




el — - e .
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11)

12)

13)

14)

For qualified environmental radiation dosage, "200 Mrad
~was added for Marathon terminal block.

Changed qualification method from "combination" and
"simultaneous" to "sequential" (for perating time to
radiation)

.Deleted the following outstanding'items.

a) "see Ref. 63K" for operating time
b) "see Ref. 72" for chemical spray

Add CEEQF#45 as a supplementary information packet
(along with CEEQF#454).

The procedure 3 for the Marathon Terminal Block Qualification
Test Report explains each environmental qualification category.
All other changes are administrative.

Approved 'K@O@"A /ﬁ’Q

P4 St

R. G. Heurich

R. C. Carruth /

RGH:rd:52.27

Attachments
cc. W/0 Attachments

T.
L.
D.
K.

O. Argenta/S. H. Horowitz
F. Caso/J. V. Ruparel

N. Turnberg/J. R. Anderson
J. Munson
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Radiation Cy a .
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* Aging QY| Combmadion
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_ Unit #1.
SCEW Sheet: TC-13

Function: Control Cable Termination at Terminal Box

T

" e Itk

RS > AT E R AL, Sl v o en 1

LIS F XN g

vy
L T TIPS AEPST U & L amagit aaha v g

Device Served MEL Pg. Device Served MEL Pg.
FMO~211 17 IMO-275 67
FMO~212 18 IMO-360 68
FMO~221 19 IMO-~361 69
FMO-222 20 IMO-362 70
FMO-231 21 IMO-~310 79
FMO-232 22 IMO-312 80
FMO~-241 23 IMO-314 81
FMO-~-242 24 IMO-320 84
FRV-210 25 IMO-~322 85
FRV=-220 26 . IMO-324 86
FRV-230 27 IMO-~330 89
FRV-240 28 IMO-~331 90
WMO-711 30 IMO-~340 91
WMO-713 31 IMO-~350 92
WMO-723 52. IMO-~-210 101
WMO-725 33 IMO-211 102
WMO-715 35 IMO-~-220 103
WMO-717 36 IMO-221 104
WMO-721 37 IMO-212 105
; WMO-727 38 IMO-222 106
g IMO-910 41 iM0-215 107
P IMO-911 42 IMO-225 108
‘ QMO-225 45 ICM-250 204
i QM0O-226 44 ICM-251 205
N CMO-419 49 ICM-260 206
é CMO-429 50 ICM-265 207
; IMO0-255 61 ICM-305 208
3 IMO-256 62 ICM-306 209
IMO-262 64 ICM-311 210
, IMO-263 65 ICM-321 211
IMO-270 66
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LICENSE NO. DPR-74
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SCEW Sheet:
Function:

Device Served

FRV-210
FRV=-220
FRV-230
FRV-240
FMO-211

- 'FM0-212

FMO-221
FMO-222
FMO-231
FMO-232
FMO-241
FMO-242
WMO-712
WMO-714
WMO-724
WMO-726
¥MO-716
WMO-718
WMO-722
WMO-728
IMO-910
IMO-911
QM0-225
QMO-225
CMO-419
CMO-429
IM0-255
IMO-256
IMO-262
IM0-263
IM0O-270
IMO-275

52.27

IC-13

MEL Pg.

17
18
19
20
25
26
27
28
29
30
31

32

34
35
36

37

39
40
41
42
44
45
46
47
52
23
64
65
67
68
69
70

Unit #2

Device Served

IMO-360
IMO-361
IMO-362
IMO-310
IMO-312
IMO-~-314
IMO-320
IMO-322

- IMO-324

IMO-330
IMO-~331
IMO-~340
IMO-~350
IMO-212
IMO-222
IMO-221
IMO~220
IMO-210
IMO-211
IMO~215
IMO-225
ICM~250
ICM-251
ICM-260
I1CM~265
ICM-305
ICM~306
ICM-311
ICM-321
MCM-221
MCM~231

Control Cable Termination at Terminal Box

MEL Pg.

71
72.
73
82
83
84
91
92
95
96
97
98
99
108
109
110
111

© 112

113
114
115

107

208

209 -

210
211
212
213
214
215
216
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AMERICAN ELECTRIC POWER Service Corporation

! Riverside Plaza .(614) 223-1000
! P.O. Box 16631 :

Columbus. Ohio 43216-6631

May 13, 1986

Mr. S. J. Medwid

Conax Corporation
2300 Walden Avenue
Buffalo, NY 14225

RE: D. C. Cook Nuclear Plant Pénetration Equipment
Qualifications

Dear Mr. Megwid:‘

Please provide a quotation to provide documentation which
certifies the penetrations purchased on our purchase order
06878-821-1 (copy attached) to Conax test report IPS-234.

The purchase order was for equipment shroud penetration
assemblies per Conax sketch 2SK-665-03. These assemblies are
similar to the containment penetrations provided by Conax in that

similar parts and pressurizing capability were provided with the
shroud assemblies.

Test report IPS-234 is used to establish the environmental
qualification of our containment penetrations.

If there are any questions, please let me know.

Very truly yours,

L P l/&/fw

L. P. DeMarco
Generation and Telecommunication Division

Approved

" LPD:rd:50.90"

cc. T. O. Argenta/S. H. Horowitz
L. F. Caso/J. V. Ruparel

o« N. Turnberg/J. R. Anderson
K. J. Munson
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Attachment 6 to AEP:NRC:0775AE

Penetration Wire Similarity
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>
AMERICAN ELECTRIC POWER SERVICE CORPORATION ( A E P
"Owem svsret
April 26, 1986

Environmental Qualificatioh of
Kapton Insulated Wire Penetration
Feedthrough Extension Wire

Je A. Pria

CEEQF #13

Penetration feedthrough extension wire at DCC Nuclear Power Plant .
includes power, control and instrument cable. The feedhtrough
exteonsion wire is all manufactured by Haveg and supplied to us by
Conax Corporation (the manufacturer of DCCNP electrical
penetrations).

The feedthrough extension wire is a stranded Kapton insulated
wire. A stranded #10AWG Haveg, Kapton insulated penetration
extension wire was tested under Westinghouse test report
CWAPD-332 (CEEQF #13).

Kapton feedthrough wires in Conax penetrations were also tested
under Conax test reports IPS-~234 (CEEQF #1) a penetration with 37
#10 AWG conductors, and IPS-62 (CEEQF #2) ten penetrations with
conductor sizes ranging from #10 AWG to 1000MCHM.

Haveg Kapton insulated wires are part of the Conax Seal
Assemblies (pigtails) and have been tested (24 #12 AWG, 20 #16
AWG, 8 #18 AWG) under Conax test reports IPS-409 and IPS-409.1
(CEEQF1 #75). -

Foxboro instruments with Conax seal assemblies equiﬁped with #16

AWG Kapton insulated wire instrument cable pigtails have been
tested under Wyle test report 45992-4 (CEEQF #149).

INTRA-SYSTEM
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Based on the results of test reports referenced above and the
variety of the samples tested we, therefore, ‘conclude that the
power, control and instrument Kapton insulated penetration
extension wire installed at DC Cook plant _are environmentally
qualified.

-
N

. //
/,)'/-
G TH

-~

A. Pria

Approved Q@ Gé(r U‘ﬂ\//Fc

R. C. Carruth {

JAP:rd:50.21

cec. T. 0. Argenta/S. H. Horowitz
L. P. Caso/J. V. Rupatel:]
. D. N. Turnberg/J. R. Anderson
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Attachment 7 to AEP:NRC:0775AE

Foxboro Transmitter Test

»

Configuration
(Y . I
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DATE:

SUBJECT:

FROM:

TO:

¢RICAN ELEC)
pt 3

AMERICAN ELECTRIC POWER SERVICE CORPORATION

"Owen sysTeM

May 14, 1986

D. C. Cook Units 1 & 2
Technical Review of Differences in Tested and
Installed Configuration of Foxboro Pigtails

K. J. Munson - EGS

During the recent NRC audit of the DCCNP Environmental
Qualification Program, it was noted that the DCCNP installed
configuration of the Foxboro instrument pigtail condulet per
PDS-1341 under RFC-01-2827 & 02~-2828 was physically different
than the tested configuration by the vendor in Wyle Test Report
45592-4. The tested configuration utilized a small 1/4%" weep
hole at a low point on a flexible metal conduit protecting the
Foxboro instrument seal assembly pigtails. The weep hole was
used to drain condensation near the instrument which may have
accumulated inside the flex conduit during the simulated DBA test
(see attached sketches).

The DCCNP installed configuration incorporated the use of a
sealtite flexible conduit plus the sealing of both the entrance
and exit of the flexible conduit with an RTV silicone sealant.

No provisions for a weep-hole were made for the DCCNP specific
design. The applicable plant design standard for the-
installation of the instrument, pigtails, flex conduit, splice
box, and pigtail splices is shown on drawing PDS-1341 (attached).

The sealtite flexible conduit used in the installation is
tradenamed Liquatite and manufactured by the Alflex Co. The
plastic covering over the flexible metal conduit is made of a
Polyvinyl Chloride (PVC) material. According to the
manufacturer, the Liquatite flex conduit has not been
environmentally qualified.

The hypothesized failure mode of the D. C. Cook configuration is
that the PVC jacket on the flex conduit may fail during an
accident near any elevated point on the conduit and allow steam
to enter and condense. The condensation would them "pool" at the
conduit low points, thereby subjecting the pigtails to possible
submergence. .The following paragraphs of this memo address this
concern.

INTRA-SYSTEM
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Through conversations with Foxboro, it has been determined that
the ‘intent of the weep-hole was to avoid the "backing-up" of
condensate from the chemical spray into the Integral Junction Box
used in one of the two tested configurations. The integral
junction box houses a terminal block which is known to be
susceptible to leakage currents when exposed to chemical spray

solution. The weep-hole design was carried-over to the second

configuration which was used at D. C. Cook. The second
configuration incorporates an internal instrument splice to a
Conax seal assembly with no Integral Junction Box or terminal
block installed. Therefore, the "backing-up!" of condensate near
the instrument seal assembly in the D. C. Cook configuration was
of no significant concern.

Additionally, in both tested configurations the metal flex
conduit looped back up after the weep hole and was routed down to
a penetration at the bottom of the test chamber. The bottom end
of the flex conduit was sealed which created a potential for the
"pooling" of chemical spray condensate during the test. In this
respect, the tested configuration is similar to what is
hypothesized in the D. C. Cook Plant configuration.

The potential for pigtail submergence failure is much less of a
concern for the D. C. Cook configuration due to the following
reasons:

1) It is not likely that the D. C. Cook sealed flex conduit
configuration would fail in such a way as to create a harsher
chemical submergence environment for the pigtails than what
was tested. 'The type of submergence in the speculated D. C.
Cook case involves a steam condensate and is not associated
with containment flooding conditions. The steam condensate -
should theoretically be at a pH value which is less severe
than the chemical spray exposure during the test.

2) The Kapton-insulated pigtail wires of the Conax Seal assembly
are individually protected by the application of a heat
shrinkable polyolefin jacket. The heat shrink tubing Jjacket
significantly improves the ability of the pigtail wires to
withstand chemical submergence by adding a protective layer
of material over the Kapton insulation. Where applied, the
protective layer of heat shrink reduces the exposure of the
Kapton insulation to the condensate. The typical failure of
Kapton insulated wire is due to an abrasion of the insulating

- material during installation combined with the effects of the .
chemical solution. The potential for abrasion or other
mechanical damage of the Kapton insulation during
installation at D. C. Cook has been essentially eliminated by
the application of the heat shrink jacket.
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3) The test report configuration, which -exposed the Kapton
.insulated pigtails to.the test chamber environment via the
" 1/4inch weep hole, demonstrates the ability of the pigtail
wires to withstand harsh chemical conditions even without a
protective heat shrink jacket.

In conclusion, we believe that the omittance of the weep-hole in
the flex conduit near the instrument in the D. C. Cook
configuration does not have a detrimental impact on the
environmental qualification of the instrument, seal assembly or
seal assembly pigtails. 1In addition, we believe that there is no
significant functional difference between the tested and the D.
C. Cook installed configurations of the foxboro instrument .

pigtail conduits, .{?/

K. J. MUNSON

Approved @@ &.«r U7L//F<_

C. Carruth

KIJM:rd:50.95
cc. T. O. Argenta/S. H. Horowitz
L. F. Caso/J. V. Ruparel
D. N. Turnberg/J. R. Anderson
J. G. Feinstein - NS & L
R. Shoberg/W. G. Sotos - I & C
NCR No. REE-86-07-1/Reslog 860501 '
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Page No. 11-21
Report No.. 45592-4

PAGENO 16

TEST PROCEDURE NO. 45592-2
Revision A

12.2

12.2.1

12.2.1.1

12.2.1.2

TRANSMITTER E_ECTRIC: ,WECHANICAL INTERFACES

Reguirements

electrical Interiacing

The Xapton. ng*a;ls protruding from the Conax stainless steel feed-
through shall ke protected using 1/2" flexible metal conduit. The
conduit shall be attached to the transmitter interface by means of

the conduit interface connector on each of the conductor seal assem-
blies. The unattached end of the conduit shall be permanently affixed
to the side of the mounting bracket assembly to minimize any delete-
rious effects on the interface due to handling.

CAUTION: When connecting the flexible conduit to the midlock cap,
DO NOT allow the cap to rotate. Rotation will damage
integrity of the midlock cap seal.

The three (3) transmitters supplied with integral junction boxes shall
be equipped with 18" of flexible metal conduit in the same manner as
those fittings with the Foxboro-supplied Conax electrical conductor
seal assemblies. However, the conduit will not be installed until

the pre~LOCA transmitter test setup.

In addition, a 1/4" weep hole shall be drilled in the conduit at the
lowest point of its arc to facilitate drainace of accumulated chemical
spray, steanm csndensation, etc., during the accident simulation.

Mechanical Interfacinc

Inlet supply pressure adaptors shall be sermanently attached tc the
transmitters using the Swagelok fittings supplied by the manufacturer.
The supply lines shall be made £rcom 3/8" stainless steel tubing with
one end flared and ecuizred with an AN flare fitzing. The cprosite
end shall ke deburred and laft untouched to accert the Swagelok
compression ring.

Procedures

Electrical Interfacing

A. Direct Transmitter Input

Cut a piece of 1/2" flexible metal conduit aprrcximately 18" in length.

Install two (2) straight flexible conduit fittings, one (1) on each
end of the conduit.

NOTE: The fitting at the end farthest from the midlock cap should
also contain a strain relief adaptor.

. /

WYLE LABORATORIES FORM 1054-2 Rev Oct 79
Huntsville Facihity L . .
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_Page No. 11-26 .

Report No. 45592-4 \
PAGE NO 13

TEST PROCEDURE NO. 345392-2

~

il.0 TRANSMITTER SLECTRICAL,MECHANIZAL INTERFACIS (Continued)

12.2.1.3 Drill a i/4" weep holie aprroximately ¢" from the transmitter interface

conhnecter.

NOTE: Reference fFigure 2 for the remaining steps.

12,2.1.4 Drill a 6/32 screw clearance hcle in the mount;ng bracket assembly
" as shown. .

12,2.1.,5 Place a 4" piece of Raychem sieeving over the Kapton pigtails approxi-
mately 16"-20" from the transmitter to act as a strain relief point.

12.2.1.6 Carefully feed the pictails and Cénax stainless steel feedthrpugh
into the flexible conduit.

12.2.1.7 Attach the conduit fitting to the Conax interface fitting.. Before
tightening the interface, rotate the conduit until the weep hole-

is positioned as shown.

-

12.2.1.8 Tighten the interface connections and arc the flexible conduit
around to the mounting bracket while insurinc that the ECSA is

not disturbed.

12.2.1.9 Attach the concduit to the mounting bracket assemkly using 6/32"
hardware (screw, nut and lock washer) and a conduit mounting strap.
Tighten the strain relief adaptor around the Ravchem sleeve installed

in step 12.2.1.5.

12.2.1.10 Photograph the transmitter to document the installation of the
electrical interface grotection.

12.2.1.1) Repeat steps 12.2.1.1! through 12.2.1.10 for each transmitter.

B. Integral JSunction 3ox Input

12.2.1.1 Cut a piece of 1/2" flexible metal condui: apporcximately 18" in
length.

12,2.1.2 1Install two (2) straight flexible conduit fittiags, one (1) on each
end of the conduit. .

NOTE: The f.ttzng at the end farthest from the J-box input should
" also contain a strain relief adaptor. -
12.2.1.3 Drill a 1/4" weep hole'approximately 9" from the transmitter inter-
face connector.

12.2.1.4 Drill a 6/32" scraw clearance hole in the mounting bracket assembly.

12.2.1.5 Place a 4" giece of Fawchem sleevipg over the Kapten pigtails approxi-
mately 16"-29" from the transmitter to act as a strain relaef zoinz.

WYLE LABORATQORIES
Hucisville Facinty

FORM 1054 2 Rey o °

.
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Page No. II-é7
Report No. 45592-4

PAGENO 19
TEST PROCEDURE NO. 45592-2

0

2.2 TRANSMITTER ELECTRICAL/MECHANICAL INTEIRFACES (Continued)

12.2.1.5 Atzach the conduit fitting to the J-pbox input. Before tightening =he

interface, rotate the conduit until the weep hole is positioned at
the lowest point of the arc.

2.2.1.7 cCarefully feed the pigtails into the flexible conduit until they enter
the J-box. Install a noninsulated crimp spade lug to each lead and
connect them to the + terminal within the J-box.

12.2.1.8 Tighten the interface connections and arc the flexible conduit arouné
to the mounting bracket.

12.2.1.9 Attach the conduit to the mounting bracket assembly using 6/32"
hardware (screw, nut and lock washer) and a conduit mounting strap.
Tighten the strain relief adaptor around the Raychem sleeve installed
-in step 12.2.1.5.

12.2.1.10 Photograph the transmitter to document the installation of the
electrical interface protection.

12.2.1.11 Repeat steps 12.2.1.1 through 12.2.1.10 for each transmitter with
integral junction box inputs.

12.2.2 Mechanical Interfacing

12,2.2.1 Cut a piece of 3/8" stainless steel tubing and deburr each end.

-

12.2.2.2 ¢tlare one end and slip on a 3/8" stainless steel "3B" nut.

12.2.2.3 Bend the tubing as shown in Figuze 2.

12.2,2.4 Place the Swagelok ccmpression nut and fitting over the unflared
end of the tubing. Connect the tubing to the remaining section of
the Swagelok fitting mounted on the inlet port(s) of the transnmitter
as shown in Figure 2 using standard Swagelok procedures.

12.2.1.3 Position the tubing as shown in Figure 2 and tighten the fittingls).

12.2.2.6 Attach the tubing to the mounting bracket assembly using 6/32 nhardware
(screws, nuts and lock washers) and a 3/8" tube mounting strap.

12.2.2.7 Photograph each transmitcer to document the installation of the
mechanical interface. -

12.2.2.8 Repeat steps 12.2.2.1 through 12.2.2.7 for each transmitter.

P - .

WYLE LABORATORIES FQRM 1054 7 Rev Oct ?
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Report No. 45592-4 )

PAGENO 20
TEST PROCEDURE NO. ¢5332-2

13‘

1.2

BRESSURE/LEAK TEST

,U

ecuirements

'l!

ragsure Test

-~

A Pressure Test shall ke cerformed cn cach transmitter to verify che
cressure integrity of the seals. A pressure medium of dry gaseous
nitrogen shall be applied to the transmitter input pressure ports
using a nigh-pressure regulator as shown' in Figures 3 and 3A. The
applied pressure shall be monitored using a 0.1\ F.S. pressure
gauge. During this test, voltage shall not be applied to the
transmitter.

The aprlied pressures shall be supplied to the transmitters in the
following manner for a duration of not less than 1 minute:

o The differential pressure transmitter shall have
both pressure input ports pressurized simultaneously
to the corresponding overpressure listed below:

Model No. Overnressure (psiqg)
N-E13DM-IIM1 . 3000
N-E13DH-HIM] 43C0
N-E13DH-IIH1 43C0

° The gauge pressure transmitters shall have their

single pressure zncut pors gressurized to the
corresponding overpressure listed below:

Model No. Cvervressure (rsig)
N~-E11GM-HIZ2 ) 4000 ]
N-EL11GH~IIM2 4500

All bedy seals shall be leak checked using chlorine-free bubble

soluzion, and any seal leakage from a transmitter shall be evalvated
by tae Lead Customer.

Leak Tes;

A Leak Test shall be performed, where specified, during all Functional
Tests with the exception cf the Baseline and Post-LCCA Tests. ToO ver:-
fy the pressure integritv of the seal, a pressure medium of dry gaseous
nitrogen shall be applied to the transmitter input tressure port(s)
using the Marotta System as shown in Figure 4. The aprlied pressure
shall be monitored using a 9.13 F.S. gressure gauge. During tais

-est, input voltage shail net ze azrlied to the transmitesr.

. ‘<
;

WYLE.LABORATORIES ’ FORM 1054 7 Rev Oc1 79
Huntswilig Facility
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D.C. COOK NUCLEAR PLANT |PDS-1341-4

ELECTRICAL PLANT SECTION |REVISION- 4 FOXBORO NE SERIES
PLANT DESIGN STANDARD i 11-10-85 TRANSMITTER |
APPD L) [oR. SK. ICH. 7% | DATE4-{9-85] CONNECTION DETAILS _
AMERICAN ELECTRIC POWER SERVICE CORR COLUMBUS,OH. |1-2-EDS 343~4|SH. 1 OF &
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LEGEND:
@ Cable Jacket Shim Conductor Shim (not shown)

@ Splice Sealing Sleeve @ Conductor Sealing Breakout
® Outer Sealing Sleeve
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. NOTES: ~ = ...
ﬁ,', 1. Splice to be made using RAYCHEH SPLICE KIT. NPKS-: 21x
For use range of KAPTON insulated wires & conductor, see
. Table A below. .

> TPABLE ‘A

Ranges of Conductor and Kapton Wire Dimensions
for Use in Raychem Nuclear Plant Solice Rits

Insulated
AEP Cable Jacket Conductor Kapton Insulated
Item No. Kit No. Outer Diameter Outer Diameter ire

6110 NPKS=-2-21X 0,31" - 0.60" 0.11" - 0.23" $16AWG - 112AWG

v
4

QFC 06.01-2827
02-2p28
Number 1nOre£er to /u 1788

INDIANA & MICHIGAN ELECT Co.

D.C. COOK NUCL.EAR PLANT

PDS=-,3¢/-

ELECTRICAL PLANT SECTION
PLANT DESIGN STANDARD

REVIS . [FoKBorko NE T ERIES
/2[ 11-10-85

Y
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CH. KL IDATE//fﬁS Coppwn ECT?OM OEIH/ILS

FAMERICAN Bl EATRIC POWER SERVICE CORP COLUMBUS. OH.
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FIGYURE A
LEGEND:
@ Cable’ Jacket Shim ® Conductor Shim (not shown)

@ Splice Sealing Sleeve @ Conductor Sealing Breakout
@ Outer Sealing Sleeve

NOTES: S e o e o
" ’1, Splice to be made using RAYCHEM SPLICE KIT. NPKS-2-21K . .
for use range of XKAPTON insulated wires & conductor, see

. Table A below. ¢

. - a® . 'u.l.‘-

o s e . TABLE A °° b s e . --.;' . ' Ty s

Ranges of Conductor and Kapton Wire Dimensions
for Use in Raychem Nuclear Plant Solice Kits

’ . ’ ’ Insulated
AEP Cable Jacket Conductor Kapton Insulated
Item No. Kit No. Outer Diameter Outer Diameter Wire

6147 NPKX-2-21K 0.31" - 0.60" . 0.11° - 0.23° §16AWG - 112AWG
. 7/

QFc pc.ol-2827
: 02-2828
Number 1nOre£er to B/H 1788
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PLANT DESIGN STANDARD A/, " | TRA~roms r7ER

RPPDEIM/ 72 7. [oR. P& |Ch.SL | DATE/lgks” | Corw éc 770w pETRIS
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INSTRUCTIONS

PREPARATION

1. Confirm that the kit aelected is designated for the intended
terminations (STP or STQ). Ensure that the cable and feedthrough
conductor diameters are within the ranges specified in Table A
of this PDS or the kit's label. -

2. Remove all felted asbestos or braided jacketing material from
the insulation in the splice area. Splice sealing sleeve
(part J) will not seal to braided or woven surfaces.

3. Cut the end of the cable off squafe. Remove jacket material,

tapes, fillers, shield foil and bindera for a length of 3.5 inches
from the end.’

4; Cut the end of the £eedthrough wire off square. Untwist,the wires
as required’to install' tubing. - e

" '8, - Remove'dirt; grease and other contaminanta'fromﬂphe~cable;dacket o
- and all insulated conductor areas which will make contact with
components of the kit with a rag dampened, but not saturated,
in an approved solvent such as alcohol or acetone, .

RSTALIARION & ©7. T et EANT aw i

1. Slide the conductor shims, Part R (not shown in Fig. A) over
the Kapton insulated wires,-
Align with the insulation cutback, SHRINK IN PLACE.

2. When cable jacket shim,” Part G, 'is gupplied,-install shim
over the multi-conductor cable jacket. Align to within 1/4"
of the cable jacket cutback. SHRINK IN PLACE.

3. Slide the outer sealing sleeve, Part K, over the multi-conductor
cable jacket. DO NOT SBRINK.

N . - UL

4.=-Thread each Kapton insulated conducto: through a leg “of. the -
Conductor Sealing Breakout, Part E. Ensure that the large
open end faces.the splice area, DO NOT SHRINK.FORKXIT, /TEM 6/10 INSER;
RIEORZ) L GRYGE CARE S0L)0. CONDUCTPR wiREe (Yo LENGTH.OF win e s &nr)
5. Slide one splice sealing sleeve, Part J, over each Kapton .
. insulated conductor except for the drain conductor, DO NOT SHRINK.

NOTE: Splice sealing sleeves are not-used on the drain wire.

6. Strip 1/4" of insulation from ‘the end of the cable conductors,
shield wire and feedthrough wires.

LOR USE 2 NULCCENR ViR T Orey

INDIANA & MICHIGAN ELECT Co.f D.C. COOK NUCL.EAR PLANT |pPDS-/29/- |

ELECTRICAL PLANT SECTION |REV l FoXBoko WE SERIES
PLANT DESIGN STANDARD AWJ‘ \1-10-85| T#Aws m s r7ER N

APP oE/M,( [OR. PR VCH.5t |DATE 7-E-Fy'|CONNVECTIen De7m/¢ S

AMERICAN ELECTRIC POWER SERVICE CORR COLUMBUS,OH. {I-2-EDS-343-1|SH. 4 OF &
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8.

9.

10.

Complete crimp connections between the cable conductors

and the feedthrough wires using a Burndy YSV14 connector

and the appropriate crimping tool, Ensure that wire is
visible through holes in sleeve. Examine each connection
area for sharp edges and protruding wire strands. Remove... .
these with abrasive cloth or a file.

Center splice .sealing sleeves, Parts J, over each connection
area., SHRINK IN PLACE.

Slide the breakout body over the splice sealing sleevés.

Ensure that Parts J do not protrude into the breakout
legs. SHRINK IN PLACE.

Center the outer sealing sleeve, Part K, over the assembly
such as that it covers the breakout and overlaps the cable

_ Jacket by 3" or overlaps the shim, when used. SHRINZ IN PLACE.
‘CAUTION: DO NOT FLEX UNTIL COMFORTABLE TO TOUCH.
1 kye REMdVAL INSTRUCTIONS ™ B A R

2.

If the installed kit must be removed, the 'following procedure may be
used to prevent conductor damage: -

lo""

Warm the-outer-sealing sleeve with.a.toxch or heat qun.. .Using. .
a razor or sharp knive, score Part X longitudianally over its

entire length at a depth of -approximately 50 to 75% of its’
thickness. Do not scar cable jacket,

Gradually heat the entire surface of the sleeve. Using pliers,

peel away sleeve along the cut area while continuing to apply
heat,

This process can be repeated for each component of the Raychem
splice kit; however, care must be taken not to damage the cable.

. Remove .as much of the old adhesive as, possible przor to
. installating a néw kit.™"

[O8 USE 100 NUCLEAR AW Ovey

INDIANA & MICHIGAN ELECT Co.|.D.C. COOK NUCL.EAR PLANT |rPOS~-/3 ¢/~

ELECTRICAL PLANT SECGTION REVIS FoxBoro NE SERIES
PLANT DESIGN STANDARD ﬂ 11-10-85 '

fraMArﬂnlrv'fWL.
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RFC Nos, DC-01-2827_& DC-02-2828

Applicable Instruments

BLP-110
BLP-111
BLP~-112
BLP-120
BLP-121
BLP-122
BLP-130
BLP-131
BLP-132
BLP-140
BLP-141
* ~.BLP~-142

<. MFC=110- Lt e ey
MFC-111

MFC-120

MFC-121

MFC-130

MFQ';3l;“.

MFC-140

MFC-141

NLP-151
NLP-152
NLP-153

BLI-110

. BLI-120

BLI-130
BLI-140

FFC-210
FFC-211
FFC-220
FFC-221

FFRC=230.. -

FFC-231
FFC-240
FFC-241

. IFI-051°
'IFI-052

IFI-053
IFI-054
IFI-310
IFI-320

FOR USE TN NUCLEAR PLANT.ONLY

NPP-151
NPP-152
NPP-153
NPS~153

NPS-121
NPS-122 y

MPP=210
MPP~-211
., MPP-220
MPP-22]
MPP-230
- vor .- MPR=231.
MPP-240
MPP-241
MPP-212
* MPP~-222
. MPP-232 ..
MPP-242"

.'r--,--'..’ e :ﬁ-::.h.-l'uu=";f 'l..'-'N-l.'\'.:‘u'--'\i!-'.-‘l"{_'- o« %% @ wmidr VT, 0,u 2 0% DL A A
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PLANT DESIGN STANDARD /J/?’/N/[ ., N-10-88  TRANSMITTER

APPD Ava_ IDR. s, X,

CH/% | DATE 4-19-85

+ CONNECTION DETAILS
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Attachment 8 to AEP:NRC:0775AE
Limitorque Issues
. . ,
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DATE:

SUBJECT:

FROM:

TO:

¢RICAN ELECy
p e

AMERICAN ELECTRIC POWER SERVICE CORPORATION AE =

-

¥ -J
Owga svsTEM

April 18, 1986 .

Donald C. Cook Nuclear Plant Unit No. 2
Condition Reports 2-3-86-295, 310, and 323
Limitorque Internal Wiring Jumpers

D. E. van Deusen

B. A. Svensson

The subject Condition Reports (C/Rs) point out the use of jumper wires
which were not qualified for harsh environment, and were located inside
Limitorque switches. .

A review was performed by"che Electrical Generation Section (memo from K.
J. Munson to J. G. Feinstein dated 4/09/86) with the following key findings:

1. The unqualified jumper wires removed from 2-WM0-714, -724, and -726
have been identified as outdoor control wire taken from cable having
item numbers 314, 315, or 316, purchased under specification
DCCEE-159-QCN.

2. All three valves (green (A) train) listed in (1) have redundant
back-up valves (2-WMO-718, -722, and -728, respectively) in the red
(B) train. All of the jumper wires in the back-up valves were
inspected and found to be fully qualified.

3. Valve 2-WMO-714 and its back-up (2-WMO-718) are located in an area
which will not be affected by a HELB. These valves are to be
removed from the Envirommental Qualification List.

It should be noted that the plant has replaced these Class IE jumper
wires (specified in the subject C/Rs) with Class IE wires qualified for harsh
environment.

¥

Based on the study performed on a HELB outside containment (FSAR section
14.4), there are no breaks postulated in the section of the Steam Supply to
Auxiliary Feedwater Pump Turbine piping which is located in the same
compartment as valves 2-WMO-724 and -726. As such, these valves will not be
subjected to the harsh environment of a pipe break during a postulated HELB
outside containment. -

'

»% . I'4

INTRA-SYSTEM . .-

r 4
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Based on this information, we believe that the Class IE jumper wires in
question did not pose a threat to the health and safety of the public, nor did
it create an unreviewed safety question as defined in 10 CFR 50.59. It is
concluded, therefore, that this situation is not reportable under 10 CFR

50.73.

(/%MZ/ M @«w\

D. E. van Deusen

D ower 4R i

Approvedw L i Ao
.J. G. Feinstein, Manager

(" Nuclear Safety & Licensing

pm
cc: M. P. Alexich/J. G. Feinstein/R. G. Vasey

R. C. Carruth/L. F. Caso/K. J. Munson

J. C. Jeffrey/R. L. Shoberg/W. G. Sotos

A. A. Blind - Bridgman

J. D. Allard - Bridgman . .

DC-N-6947

AEP:NRC:9470

MEMOSB:LIWJ.mem
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FILE

March 21, 1986 ' r-lzg;) vIX. iy

D. C. Cook Units 1&2 - ft_,-'——g‘bg

IE Notice 86-03, C/R 2-03-86-295, AIT No. 9u45 ' ,rc 3| [¥°=

MOV Operability with Control Wire EQ Uncertaintiess —i—p 'ngﬁi
: : 2) ‘

o A IOEETS
K. J. Munson - EGS Qu_o)_f_-—! 5

D. E. VanDeusen - NS&L £GS - NUC

IE Notice 86-03 identifies potential problems with the
environmental qualification of the internal control wiring in the
limitorque motor operators. C/R 2-03-86-295 reports that a
jumper wire was found during the MOV walkdown which was not
listed as an acceptable environmentally qualified wire in my memo
to the plant dated 1/9/86. The purpose of this memo is to
determine typical valve operability in light of the control wire
qualification uncertainties, ’

The control wiring in question is located completely within the
Limitorque operator's limit switch compartment and is used to
interconnect torque and limit switches. For D. C. Cook, terminal
blocks are not installed or used inside the compartment.

Instead, field cable is directly terminated onto the switches
with internal jumper wiring providing any additional
interconnections. The MOV control circuit voltage is ungrounded
220VAC or 250VDC.

The postulated control wire failure modes are open-circuits,
single-wire grounds and wire-to-wire shorts which, depending on
the circumstances explained below, may cause inadvertent or
incorrect operation of the associated MOV,

Open circuits or high resistance connections are normally
attributed to incorrect termination of the control circuit wiring
and will generally not occur as a result of extreme environmental
conditions. The internal wiring of an MOV is protected by the
limit switch compartment cover from direct spray impingement
during an accident which could theoretically loosen a control
wire and create an open circuit.

Circuit shorts and grounds (including both high impedance/leakage
current or low impedance/direct short conditions) may
hypotehtically occur as a result of gross electrical insulation
breakdown or as a result of insulation leakage currents
sufficient to-cause misoperation of the valve control circuit,.
For the DCCNP control voltage levels, gross electrical breakdown
could only occur on direct conductor-to-conductor or
conductor-to-ground contact. Electric arc-over is highly
unlikely at low voltage levels during normal operation of the

MOV. Direct shorts are possible only where conductor
breakthrough ocecurs as a result of 'severe cable insulation

INTRA-SYSTEM
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damage. Such damage could only occur when substantial insulation
embrittlement due to high radiation doses combines with .
mechanical wear or when extremely high temperatures softens the
insulation to the point of conductor exposure. Based on the
generic properties of possible jumper wiring at DCCNP, we believe
that this type of extreme degradation should not occur under

specified accident conditions.

The configuration of the individual control wires within the
limit switch compartment greatly minimizes the probability of the
individual conductors achieving contact with grounded components
or other exposed conductors. Most jumpers are less than a few
inches long, especially between limit switch termination points.
Excess wire is normally kept to a minimum with the majority of
wires taking a direct path between terminal points thus reducing
the likelihood of electrical contact. The general construction,
of the limit switch and torque switch insulating blocks also

" reduces the exposure of possible electrical contacts with receded

terminal points.

Although conductor breakthrough should not occur, sufficient
insulation degradation may cause changes in the individual wire
insulation resistances for severe environments. While such
changes could result in the wire's inability to adequately pass a
high voltage withstand test performed as part of the
qualification (e¢.g. IEEE-383), these changes are unlikely to
cause significantly low conductor-to-conductor or conductor-to-
ground Insulation Resistance (IR) values necessary to cause MOV
failure or misoperation. The physical wire separation mentioned
above creates long leakage current paths which effectively insure
that low IR valves will not occur.

Further reducing the probability of MOV misoperation during an
accident is that a large percentage of installed jumper wiring is
environmentally qualified wire as explained in my memo to

A. A. Blind ~ DCCNP dated 1/9/86. (Attached)

Additional justification for safe continued operation is the fact
that the DCCNP MOV control circuit voltages are ungrounded.
Ungrounded or "floating" voltage systems typically allow a single
conductor to ground fault without having an impact on the control
circuit. Only when two simsultaneous conductor-to-ground (i.e.
conductor-to-conductor) faults occur would there be a chance for

misoperation of the MOV.

The possibility of spurious operation of MOV's due to short
eircuits is also minimized by AEP's design philosophy of double
breaking of the control circuit. The double break concept
requires control contacts to be located at both polarities of the
actuating circuit. With this configuration and ungrounded
control voltages, a short circuit to ground of a single internal
Jumper wire of the MOV cannot cause a spurious operation of the

valve.

L]
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Finally, it should be noted that in the unlikely event that wire
degradation effects MOV operability, remote valve repositioning
can be accomplished from the valve control center. Manual
actuation of the motor contacter can adequately reposition the
affected valve assuming the VCC is accessible during the

post-DBE. .
K. J. Munson
KJM/ris/u7.3 .
Approved ; /gf>l;b ‘.
. /R. C; Carruth
w/Attachments

ce. T. O. Argenta/S. H. Horowitz
L. F., Caso/Jd. V. Ruparel
D. N. Turnberg/J. R. Anderson
J. G. Feinstein/D. VanDeusen - NS&L
R. F. Kroeger/D. Cooper - QA
IE Notice 86-03/AEP:NRC:9419 File
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»
Owen svysTEM

<

January 9, 1986

D., C. Cook Units 1 & 2
Limitorque Valve M. 0. Jumper Wiring
Environmental Qualification

K. J. Munson - EGS
Ao Ao Blind - Do Co COOR

We have been notified of a potential unresolved problem at other
utilities with the environmental qualification of jumper wiring inside
the limit/torque switch compartment of limitorque motor operated valves.
The normal procedure during ‘installation at DCCNP was to use a qualified
wire, however this practice was not sufficiently documented. Therefore,

"some uncertainty exists as to the type and manufacturer of the internal

jumper wiring. -Since all qualified components are required to be fully
documented, an inspection of the jumper wiring of all limitorque valves
that are on the EQ list is necessary.

The inspection involves noting the gauge of the wire and the type of-
insulating material. It is suspected that most jumper wires will be a
solid #12 AwWwg wire with an asbestos braided material surface taken from
the older control cables having item nos. 3092, 2093, 3119 through 3123.
Exceptions to this wire type and descriptions need to noted. Pending the
outcome of the inspection, it may be necessary to replace the existing
jumper wiring with a single Known qualified wire which can be better
documented for qualification purposes.

We have identified 78 MOV's (14 inside containment) in Unit 1 and 72
MOV's (13 inside containment) in Unit 2 which are EQ listed and need to
be addressed. Attached is a listing of these MOV's including plant
locations. '

Requested is the inspection of these valves and an estimate of the
manhours it will take to replace the existing jumper wiring with a single
known qualified wire if necessary.

I{ you have any questioﬁs, please call me at extension 2158 or

J. Anderson at 2137.

P - K. J.-Munson
KdM/ris/43.95 - " '
Approved /7 -/, 'E’.C.'L./- L
R, €. Carruth
ecc: T, O. Argenta/S. H. Horowitz
J. R. Anderson/D. N. Turnberg
L. F. Caso/J. V. Ruparel
R. Kroeger/D. Cooper
J. Feinstein - P
W. G. Smith, Jr. - Bridgman ‘
J. Allard - D. C. Cook = ML . cveren
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April 9, 1986

D. C. Cook Units 1 & 2
Limitorque MOV Walkdown
C/R Nos. 2-03-86-295/310/323

K. J. Munson - EGS
J. G. Feinstein - NS&L

The jumper wires removed from 2-WMO-T14, -T724, -726 have been
identified as outdoor control wire taken from cable having item
nos. 314, 315 or 316 purchased under specification DCCEE-159-QCN.
These are a 4, 7 or 12 conductor cables having 7 strands of #18
Awg. wire w1th a nominal 20 mils of clear polyethylene insulation
and 10 mils of color-coded PVC conductor jacket material applied
directly over the polyethylene insulation. The wires and cable
are rated for continual use at 75 C. The cables were purchased
N-grade from either Triangle/Plastic Wire & Cable, Essex, Collyer
Wire & Cable or Paige Electric.

Three inéividual jumper wires were taken from each valve and were
used in an identical wiring application as follows:

Point-to-Point Wiring ; Approx. Length
a) U6 to 56 4 to 5 1/2 inches
b) 53 to 58 11 inches

¢) U3 to 57 - 6 1/2 to 8 inches

The three jumper wires are shown marked-up on the attached wiring
drawing which is typical for all three valves. Jumper wire
denoted a) above connects two limit switch contacts at the
low-side polarity of the control voltage bus. Jumper wire
denoted b) above connects a torque switch contact with a limit
Switch contact near the high-side of the control voltage bus.
Jumper wire denoted c¢) above connects a torque switch contact
Wwith a limit switch contact at the high-side of the control
voltage bus. See the attached copy of valve circuit elementary
dwg. which is typical for all three valves.

2-WMO-T24 and 2-WM0-726 are green (A) train valves which feed
essential service water to the 2-AB and 2-CD emergency

. diesel generators, respectively. These valves open automatically

when the EDG is running or can be opened by control switch. The
redundant back-up to these two valves are red (B) train valves
2-WM0-722 and 2-WMO-728 which provide essential service water to

the.2-AB and 2-CD EDG's, respectively. All four valves are

K4

INTRA-SYSTEM
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located in an HELB area pipe tunnel north of the 2-CD EDG.
2-WMO-T14 1is a green (A) train exit valve from the 2E containment
spray heat exchanger. The redundant back-up is a red (B) train
valve from the 2W Containment Spray Heat Exchanger. Both of
these valves are located just east of the passenger elevator at
elev. 621 ft. in the aux. building at approximately 30ft. north
of an HELB area pipeway which is on the opposite side of a poured
concrete wall. 2-WMO-714 and 2-WMO-718 are not in an HELB area
and are to be removed from the list of equipment required to be

environmentally qualified. :

During the walkdown of valves 2-WM0-718, 2-WM0-722 and 2-WM0O-728,
no unqualified jumper wires were found. Therefore, the opposite
train valves of 2-WMO-T714, 2-WMO-724 and 2-WMO-726 were fully
qualified with no jumper wire qualification uncertainties.

Additionally, all of the above valves are located outside o
containment and could be subjected to a HELB which peaks at 230°F
and would have a duration of only seconds. Radiation doses are
low and are not a concern. According to one wire panufacturer,
polyethylene is extruded at temperatures above 300 F which can be
considered the approximate melting point of this material. This
is in agreement wigh the 3ypical temperature specifications gor
polygthylene of 75°C (167 F) normal continuous operation, 90°C
(1947F) emergency opgration for 36 hours per year over several
years and 150°C (302°F) short-circuit operation for very short
durations in seconds or less. Therefore, it is highly unlikely
that the polyethylene insulation on the found jumper wires would
melt and expose their conductors when subjected to an
outside-containment HELB temperature environment.

K. J. Munson

KdM/ris/49.23

Approved ///;il

4 .-Carruth

w/0 Attachments
ce. T. 0. Argenta/S. H. Horowitz
L. F. Caso/J. V. Ruparel
D. N. Turnberg/J. R. Anderson
IE Notice 86-03/AEP:NRC:9419 File (w/attach.)
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HOW LIMITORQUE OPERATES

B Limitorque is far more than a valve actuator. It also
controls and limits the opening and closing travel of the
valve. Proper valve seating is very important in automstic
valve operation because ‘most valves are damaged when
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AMERICAN ELECTRIC POWER Service. Corporation

. S . 1 Riverside Plaza (614) 223-1000
. P.O. Box 1663!
. Columbus., Ohio 43216-6631

May 6, 1986

Mr. Joe Drabd

Limitorque Corporation
5114 Woodall Road
Lynchburg, Virginia 24506

Doear Mr Drab:

As we have previously discussed, one of the latest environmental
qualification uncertainties involves the use of “T-drains” on
Limitorque actuator motors. Needed from Limitorque is a
clarification on the qualification requirements for the use of
T-drains. Specifically, the following concerns need to be
addressed:
1. In which Limitorque environmental qualification test reports
were T-drains installed on motors?

0 2. V¥Yhat are the T-drain requirements with respect %to inside
versus outside containment building valve motor operators?

3. Ye understand that Limitorque has qualified actuators with
and without T-drains installed in the motors. Do you
consider the T-drains to be an absolute qualification
requirement or a design enhancement, especially since some
actuators were qualified without T-drains? 1If required, do
you recommend that all actuator motors have T-drains
installed, even where T-drain holes are not available?

’ " 4. VvYhat are the specific %technical reasons for the installation
of T-drains? Can there be plant-specific actuator
configurations in which T-drains are not required. For
example, would it be possible for the condensate to drain off
through other avenues.
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Please provide us with as much detail as possible in your
response. If you have any questions, give me a call at (614)

223-2158.
K. J. Munson '
Assoc. Engineer
AEPSC

Approved

. « (C arrut
KIJH:rd:50.62
ce. T. O. Argenta/S. H. Horowitz
L. P. Caso/J. V. Ruparel -

D. N. Turnberg/J. R. Anderson

A. A. Blind - Bridgman

J. Allard/L. Van Ginhaven - Bridgman
M. Marracco - MED

o L - e




Attachment 9 to AEP:NRC:0775AE

Cable Acceptance Criteria
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SUBJECT:

FROM:

TO:

AICAN ELEcrq
(]

€
(3 (3

AMERICAN ELECTRIC POWER SERVICE CORPORATION ( A\ E P

"Owgn svsTEM
May 16, 1986

Insulation Resistance on EQ Instrument Cables

M. J. Finissi
R. L. Shoberg/E. K. Legg, Jr.

As a result of the recent NRC audit on our Equipment
Qualification (EQ) files, we must document the minimum insulation
resistance on our EQ instrument cables to ensure that the leakage
current will not adversely affect the current loop during an
accident. The Electrical Generation Section is supplying the I &
C Section with the insulation resistances such that the effects
from the leakage current can be determined. Attached is a table
containinig the minimum insulation resistances gathered from the
appropriate EQ test reports, This listing of instrument cables
is not complete and as the information is obtained, it will be
forwarded to the I & C Section for review.

If you have any questions, please call.

Z ;Jz Finissi

Approved ‘/f'/ ./éj—-./ﬂ,zé&.u

7
Approved j52¢/¢/2;%¢2@4i\¥

MJF:rd:52.9
cc. T. 0. Argenta/S. H. Horowitz
L. F. Caso/J. V. Ruparel
D. N. Turnberg/J. R. Anderson
K. J. Munson . 4
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ATTACHMENT 1.0

TO
' AEP:NRC:0S85H
RESPONSES TO NRC QUESTIONS RELATED TO
SELECTION OF TRANSIENTS AND VALVE INLET CONDITIONS

*%

(QUESTIONS® 1-4)
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. Attachment 1.0
“ : AEP:NRC:0585H

ggestion 1:

Results from the EPRI tests on the Crosby 6M6 safety valve indicated
that the ‘test blowdowns exceeded the 5% value given in the valve
specifications. If the plant-specific expected blowdowns also exceed
5%, the pressure might be sufficiently decreased such that adequate core
cooling might not be achieved for decay heat removal. Expected
blowdowns for Cook 1 and 2 at their current ring settings were not
provided. Discuss the consequences of potentially higher blowdowns.
Discuss the adequacy of decay heat core cooling at the expected reduced
pressures.

Resgonse 1:

Expected blowdown for Cook 1 and 2 pressurizer safety valves at their
current ring settings is 5% or less of the set pressure. The initial
factory tests were performed to meet tffe requirements of the ASME Code,
Section III, which allows a maximum blowdown of 5%. Ring settings are
often changed during set-pressure testing to achieve a crisper "pop" and
to preclude damage of the valves' seating surfaces during limited steam
flow and restricted lift. The ring settings are restored to the
original factory settings each time the valves are.set-pressure tested.






Attachment 1.0
AEP:NRC:0585H

Question 2:

The Westinghouse Inlet Fluid Conditions Report states that the
conditions resulting from cold overpressure transients were presented
for only those plants for which Westinghouse performed the specific
design and analysis for their cold overpressurization protection system.
Cook 1 and 2 were not among the plants which had their cold \
overpressurization protection systems designed and analyzed by
Westinghouse. Cook 1 and 2 do, however, use the PORV's for cold
overpressure protection. The report further states that the fluid
conditions for the cold overpressurization event may vary between steam
and water. The submittal did not state the expected steam and water.
The submittal did not state the expected inlet fluid conditions for the
cold overpressurization event.

Discuss the range of expected fluid conditions for the varying types of
fluid discharge and identify test data demonstrating operability over
the range of expected conditions. e

Pl

Response 2:

The following response follows the suggested approach given in Appendix
F of EPRI Interim Report, July 1982, entitled "EPRI PWR Safety and
Relief Valve Test Program Guide for Application of Valve Test Program
Results to Plant-Specific Evaluations".

The D. C. Cook Nuclear Plant cold overpressurization protection system
includes the following: ’

-~ Two Masoneilan Series 20,000 Control Valves (PORV)

- PORV opening set points are reduced from 2335 psig to 435 psig
whenever the reactor coolant system liquid temperature is below 188°F
(Unit 1) or 152°F (Unit 2). (Ref. Tech. Spec. Pages 3/4 4-31 and 3/4
4-29)

The plant cold overpressurization event analysis* indicates that:

- The design basis event is starting a reactor coolant pump when steam
generator temperature is S50°F greater than RCS temperature.

The pressurizer generally has a steam bubble but can be water solid
for low reactor cooling system temperatures.

The PORV at 435 psig.

- The peak pressurizer pressure is 499 psig.

* Two design basis events were analyzed: Heat input and mass input.
The heat input event is based on starting a reactor coolant pump when
steam generator temperature is S50°F greater.than RCS temperature.

The mass input event is the result of inadvertent starting of a
charging pump. Since the analysis indicated a higher peak pressure
for the heat input event, it was selected as the limiting design
basis event.






. y Attachment 1.0
. AEP:NRC:0585H

Response 2 (cont.):

Based on the plant analysis, the expected ranges of fluid inlet
condition resulting from cold overpressurization events are as

follows:
- Maximum Pressure = 499 psig

Actuation can be on steam oxr water

- Maximum Liquid Temperature = 470°F ' .
(Saturation at 499 psig)

Minimum Liquid Temperature = Approximately 100°F
(At temperatures below 100°, the reactor vessel head is
generally off or the reactor coolant system is open for
maintenance.)

r& -

The comparison of plant conditions to Eésted conditions for the

Masoneilan PORV is as follows:

In-Plant Tested
Max. Pres. - Steam 499 psig 2750 psig
Max. Pres. - Water F 499 psig 2657 psig
Max. Temp? at Max., Pres, 470°F 683°F
Min. Temp. at Max. Pres. 100°F 101°F

EPRI

Test No.

52

62

52

58

Based on the above comparison, it is concluded that the tested
conditions are representative of expected conditions for cold

overpressurization events at D. C. Cook Nuclear Plant.






. Attachment 1.0
- AEP:NRC:0585H

Question 3:

The Westinghouse Inlet Fluid conditions Report stated that liquid
discharge through both the safety and relief valves is predicted for an
FSAR feedline break event. The Westinghouse report provided expected
peak pressure and pressurization rates for specific plants having an
FSAR feedline break analysis. The Cook unit 1 plant was not included in
this list of plants having such an FSAR analysis. The Cook unit 2 plant
was included in the list of plants having an FSAR feedline break
analysis. The plant submittal did not discuss the feedline break event.
The NUREG-0737, however, requires analysis of accidents and occurrences
referenced in Regulatory Guide 1.70, Revision 2, and one of the
accidents so required is the feedline break. Provide a discussion on
the feedwater line break event for Cook 1 and 2 identifying the fluid
pressure, pressurization rate, fluid temperature, valve flow rate, and
time duration for the event. Assure that the fluid conditions were
enveloped in the EPRI tests and demonstrate operability of the safety
and relief valves for this event. Furkher, assure that the feedline
break event was considered in analysis of the safety/relief valve piping
system.

Response 3:

Results of the feedline break accident analysis for D. C. Cook Units 1
and 2 have shown that the pressurizer will not go water' solid before the
operator can take corrective action. Therefore, the pressurizer safety
and relief valves will not pass water under a feedline break event and
consequently this question is not applicable to the D. C. Cook Nuclear
Plant. The results for the feedwater line break for both units will be
included in the 1985 Updated FSAR.

EO

S

e oty






. ‘ . Attachment 1.0
5 . - ; AEP:NRC:0585H

ggestion 4:

The Westinghouse valve inlet fluid conditions report indicates that a
spurious initiation of high pressure injection at power is expected to
result in water discharge through the safety valves for four-loop
Westinghouse plants. , The analysis presented in the submittal, however,
considered only steam discharge through the safety valves. Justify one
of the following: (a) that the safety valves will indeed discharge only
steam, or (b) that a steam discharge will result in more severe dynamic
loads than a water discharge transient.

Response 4:

We have reviewed the accidents and transients included in our FSAR and
concluded that only three could result in water discharge from the
pressurizer. These events are spurious initiation of the safety
injection system, reactivity additions due to either rod movement or
boron dilution, and the feedwater line break. 1In all cases, our
evaluation has shown the pressurizer will not become filled with water
before a least 10 minutes following the event, thus-'allowing sufficient
time for the operator to take appropriate action to terminate the
filling of the pressurizer. Thus the only event(s) which can result in
solid water discharge from the pressurizer is a cold overpressurization
due to heat and mass additions to the primary system. Current Technical
Specifications prevent the loads on the safety valves and associated
piping from exceeding the design basis under cold overpressurization
conditions. On this basis, analysis has been performed for only a steam
discharge through the safety valves for accidents and transients which
occur when at power.
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ggestion 5:

The Cook 1 and 2 plant safety valves are Crosby 6M6 and were tested by
EPRI. EPRI testing of the 6M6 was performed at varying ring settings.
The submittal did not provide details discussing the applicable EPRI
tests which demonstrates the operability of the plant safety valves.
The submittal did not provide the present Cook 1 and 2' safety valve ring
settings. If the plant current ring settings were not used in the EPRI
tests, the results may not be directly applicable to the Cook 1 and 2
safety valves. Identify the Cook 1 and 2 safety valve ring settings.
If the plant specific ring settings were not tested by EPRI, explain how
the expected values for flow capacity, blowdown, and the resulting
backpressure corresponding to the plant-specific ring settings were
extrapolated or calculated from the EPRI test data. Identify these
values so. determined and evaluate the effects of these values on the
behavior of the safety valves.

5

Response 5: " -

The Cook Units 1 and 2 pressurizer safety valves (PSVs) are Crosby style
HB-BP-86-6M6. Three valves are installed in each unit. EPRI tested
this style Crosby valve, and the results are discussed in Section 3.5 of
their test report (NP-2628-SR). °'The valves have two adjustable rings,
the nozzle (lower) ring and the adjusting (upper) ring. The nozzle ring
controls the crispness of the pop, and the adjusting ring is used to
control the valve blowdown. Raising the adjusting ring decreases
blowdown. Ring settings are determined by factory test prior to valve
shipment and each valve's ring settings are unique. Valve capacity and
backpressure are not affected by ring adjustments.

The EPRI test valve ring settings are representative of the Cook valve
ring settings as shown in the following table. All nozzle ring settings
were the same, namely -18. The EPRI adjusting ring position is shown
relative to "top-most" ring position. The positions shown in the report
(=71 and -77) for tests 929 thru 1419, which are relative to the bottom
of the disc ring, were converted to =221 and =227 by adding the "level
position" of the adjusting ring (-150) to the ring settings shown to get
the settings relative to "top-most" position. The level position of the
tested valve was determined from conversation with Crosby's chief
engineer. Six (6) of nine (9) Cook valves (including three spares) have
adjasting ring settings very close to those of the tested valve. In the
few instances where the ring settings are different (-200, -310, =-295)
from the tested valve, the differences are not significant since all
valves have exhibited acceptable blowdown characteristics in factory
tests and independent laboratory tests.
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Response 5 (cont.):

COMPARISON OF RING SETTINGS BETWEEN EPRI TEST VALVE
AND COOK PLANT PRESSURIZER SAFETY VALVES

CROSBY STYLE HB~BP-86-6M6

EPRI Test Cook Unit 1 Cook Unit 2 Cook Spare
Numbers EPRI Valve Valves Valves Valves_
A.R. N.R. A.R. N. R. A.R. N.R. A.R. N.R.
929~ 932 -221 -18 -200 -18 -225 -18 -225 -18
1406-1419 -227 =18 =225 -18 -225 -18 =230 -18
- =225 -l&ﬁ -310 -18 -295 ~18
A.R. = Adjusting ring setting relative to top-most position

2
*
o
"

Nozzle ring setting relative to top-most position
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Question 6:

The EPRI Inlet Fluid Justification Report suggested a method for
demonstrating safety valve stability. This method compares the total
pressure drop for the in-plant safety valves and piping to the
applicable EPRI test safety valve and piping combinations. The total
pressure drop is composed of a frictional and acoustic wave component
evaluated under steam conditions. The Cook 1 and 2 plant submittal did
not provide pressure drop calculations or any other methods to
demonstrate safety valve stability. Provide the necessary documentation
and discussion demonstrating stability for the Cook 1 and 2 plant safety
valves at the expected inlet conditlons, ring settings and inlet piping
configuration.

Response 6:

A comparison was made between the EPRI inlet piping configuration "G"
used for testing the Crosby 6M6 safetyﬂvalve and the Cook Plant PSV
inlet piping. The pressure drop was edtimated for both piping
configurations based on rated steam flow and inlet conditions.

The pressure drop for the Cook piping was estimated to be 1.4 psi higher
than that of the EPRI piping arrangement (15.8 psi versus 14.4 psi).
This difference is judged to be insignificant relative to the set
pressure (2485 psig). To assess the effect of this higher pressure drop
on valve stability, the concept of valve blowdown must be considered.

By definition, valve blowdown is the difference between actual piping
pressure and actual reseating pressure expressed as a percentage of set
pressure. The design blowdown of the subject valves is 5%. Since the
set pressure is 2485 psig, the design blowdown is 124 psi.

According to EPRI Report NP-2628-SR, Safety and Relief Valve Test
Report, stable valve operation is defined as when "the valve opens,
remains open and closes without flutter and/or chatter." Chatter is
defined as "rapid reciprocating motion of movable parts in which the
disc contacts the seat." Flutter is defined the same as chatter without
the disc making contact with the seat. Since the valve inlet pressure
will decrease only 15.8 psi below the popping pressure after rated flow
is reached, there will be no tendency for the valve disc to move towards
the closed position. Inlet pressure would have to drop 124 psi for that
to occur. Therefore, the valve will not exhibit flutter or chatter.
Based on the above logic, it is concluded that the stability of Cook
PSVs was demonstrated during the EPRI Test Program.
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Question 7: ‘

The Cook Units 1 and 2 were modified by draining the loop seals, such '
that steam is present at the valve inlet. The Crosby 6M6 safety valves

for the Cook Units 1 and 2 were designed for loop seal operation and as

such have valve internals compatible for water at the valve inlet. Are

the Cook 1 and 2 safety valves internals to be modified to steam

internals versus loop seal internals? If no change is planned, discuss

valve operability with the loop seal internals on steam.

Response 7:

Valve inventory at the D. C. Cook Nuclear Plant includes nine (9)
pressurizexr safety valves. Six (6) valves have been modified to the
"soft seat" design; i.e., 316 S.S. nozzles without stellite facing and
"flexidisc" geometry Inconel disc inserts. Three (3) of these valves
have been in service in Cook Unit 1 since January of 1985. The three
(3) modified spare valves are scheduledsto be installed in Cook Unit 2
during the last quarter of 1985, replacing the three (3) remaining "hard
seated" valves currently in service in Unit 2. The existing Unit 2
valves will then be converted to the "soft seat" design and retained as
spares.
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Question 8:

During testing of the Masoneilan 20,000 series PORV, stroke time was
found to be sensitive to actuator supply pressure and actuator supply
line size. To achieve the 2 second stroke time requirement, the line
size was increased and the actuator supply pressure was increased to 60
psig. Review of the EPRI Safety and Relief Valve Selection and
Justification Report for the Masoneilan PORV (Drawing A 8529, Revision
B) indicated that a maximum of 55 psig is allowed to the actuator to
prevent component damage. Provide a discussion on the action being
taken by Cook 1 and 2 to assure the required stroke time-will be
achieved without potentially damaging components.

Response 8:

Cook Plant PORV actuators are rated for a maximum air pressure of 60
psig (Ref: Masoneilan Technical Data Supplement No. 700). Normal
supply air is requlated to 57 psig. Two (of three) valves which are
used for low temperature overpressure protection (LTOP) are equipped
with a back-up air supply (storage bottles) which are regulated to 55
psig. Stroke time is verified by periodic testing. The Cook PORVs'
required opening time is approximately S5 seconds as established during
hot functional testing. BAll air tubing has been enlarged from 1/4" to
1/2" size and air receiver tanks were added near the valves to serve as
accumulators to maintain pressure to the actuator during stroking.
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Question 9:

The Westinghouse Valve Inlet Fluid Conditions Report states that liquid
discharge could be expected through the safety valves for both the
feedline break and extended high pressure injection events. During some
tests, the EPRI 6M6 test safety valve experienced some chatter and
flutter while discharging liquid. Testing was terminated after
observing chattering to minimize valve damage. Inspection revealed some
valve damage which was presumably caused by the valve chatter and
flutter. Liquid discharge for Cook 1 and 2 may conceivably occur for
longer periods of time than the EPRI testing. Thus longer periods of
valve chattering may cause severe valve damage. Discuss the
implications this may have on the operability and reliability of the
Cook 1 and 2 safety valves. Identify any actions that will be taken to
inspect for valve damage following safety valve lift events.

Resgonse'9:

»
Review of the transients resulting frof a feedline break, spurious
safety injection and slow and fast rod ‘'withdrawal at full power have
shown that the pressurizer will not completely fill with water during
any of these events. (See response to Question 4 for discussion of this
issue.) The valve loop seals are drained and the valves are exposed
only to steam. Therefore, Question 9 is not applicable to the D. C.
Cook Nuclear Plant.
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Question 10:

NUREG-0737 Item II.D.l requires that the plant-specific PORV control
circuitry be qualified for design-basis transients and accidents. Please
provide information which demonstrates that this requirement has been:.
fulfilled.

Response 10:

For those events described in the FSAR which require the PORV to function,
the control circuitry should not be subject to an environment significantly
different than its normal environment. Procedures used in the design,
procurement, test and maintenance of the circuitry are considered sufficient
to ensure qualification to these expected plant conditions.







ATTACHMENT 3.0

TO
AEP:NRC:0585H
RESPONSES TO NRC QUESTIONS RELATED TO
THERMAL HYDRAULIC ANALYSIS

o
(QUESTIONS 711~13)



(L)
]

~
L2} -

i
R
EN

v an

5 ogs ¥ .

Ty




Attacment 3.0
AEP:NRC:0585H

Question 11l.

A single pressurizer pressure-time history was provided to TES by the
American Electric Power Service Corporation for use in the subject
analysis. As a result, it was not possible to evaluate the
appropriateness of the selected valve inlet conditions with respect to
those discussed in the EPRI Valve Inlet Conditions Report for
Westinghouse Designed Plants (EPRI-NP-2296). The selection of the
pressurizer-time history should be justified in relationship to the EPRI
report.

Response 11.

EPRI report No. EPRI-NP-2296 entitled "Valve Inlet Fluid conditions For
Pressurizer Safety and Relief Valves in Westinghouse-Designed Plants"
prepared by Westinghouse Corporation presents the expected range of
fluid inlet conditions for pressurizegﬁsafety and relief valves utilized
in Westinghouse plants. The objective .0f this report was to demonstrate
that the fluid conditions under which the valves were tested represented
the expected fluid conditions during the .assumed transients. 1In the
above analyses, to determine the valve inlet, conditions, Westinghouse
determined that for a steam discharge, i.e., without a loop seal, Loss
of Load and Locked Rotor events described in the FSAR as the most
limiting events in determining the inlet £luid conditions for PORV and
safety valves. The limiting conditions are the peak pressurizer
pressure and the rate of pressurization reached during the course of the
transients. ’

Westinghouse also performed an evaluation of the performance of the
safety and relief valve observed during the EPRI testing and compared
the test results to the assumed valve performance during the transients
analyses. The results of this comparative evaluation is published by
Westinghouse Corporation in WCAP report No. WCAP-10105 entitled,

"Review of Pressurizer Safety Valve Performance as Observed in the EPRI
Safety and Relief Valve Test Program" dated June 1982. The effect of
the FSAR transient and time delay in safety valve opening (observed
during testing) on the Reactor Coolant System overpressure is evaluated
in Section 4-1 of the WCAP. The above analyses utilized the limiting
overpressure transients for Condition II (Loss of load) and Condition IV
(Locked rotor) events. Other transients are expected to be
conservatively bounded by these two transients. Based on a parametric
study of the critical parameters such as power rating, fuel stored
energy, RCS temperature and volume, safety valve capacity etc. a
W-reference plant was selected which could represent the most severe
conditions for the safety valve. A four loop plant was most limiting
for the loss of Load transient and a two loop plant was most limiting
for a Locked rotor transient. In the above analyses, the maximum RCS
pressure peaks @ 2700 psig (Fig. 4-2 and 4-3 of WCAP) for the loss of
load event and 2750 psia for the (Fig. 4-6) Locked Rotor event. As such
among these two transients locked rotor event enveloped the loss of load
event.
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Response 11 (cont.):

The RCS pressure-time history for locked rotor transient given in Fig.
4-6 of WCAP-10105 peaked at 2750 psia and that given in D. C. Cook Plant
FSAR (Fig. 14.1.6-13) peaked at 2633 psia. Therefore the WCAP curve was
overlapped onto the D. C. Cook Plant FSAR Curve and a single curve was
derived which enveloped the boundaries of both curves conservatively.
This enveloped curve represents the results of EPRI valve testing,
results of the Westinghouse reference plant evaluation based on EPRI
valve test results and the Donald C. Cook Plant FSAR transient analyses.
The enveloped curve shown in the attached figure was glven to Teledyne
for the evaluation of the discharge piping systems.
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guestion 12:

Overpressure transients cause the pressurizer sprays to activate which
adds moisture to the steam volume. When the safety or relief valves
open they would thus pass a steam-water mixture. The hydrodynamic
effects of the water slug discharge case for the safety valves was
analyzed in the original TES reports (TR-5364-3 and TR-5364-4). It has
been concluded that the steam-water mixture conditions is enveloped by
the steam and loop seal discharge cases and need not be addressed.
However, it was not clear in the submittal if the relief valve piping
analysis included the relief valve opening on water at the expected
overpressure and temperature condition. The piping analysis report
contained in the submittal does not present a description or results of
the PORV fluid transient analysis. Provide an explanation of whether
this steam-water case was considered in selecting the transients that
produces the maximum loading on the PORV piping system.

Response 12: “%
———e . *5

Included as Attachment 3.1 to this submittal is the preliminary response
from Teledyne Engineering Services regarding their previous analysis
discussed in Question 12.
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ggestion 13:

The REPIPE momentum equations contain an acceleration term which, when
used with RELAPS results, commonly introduces spurious spikes into the
calculated fluid forces for liquid discharge situations. These spikes
can.be avoided by using a large time step in the REPIPE calculations,
but this may result in losing the peak force values. In the event that
liquid discharge resulting from cold overpressurization transients needs
to be considered, an assessment of the use of REPIPE in conjunction with
RELAPS should be provided.

Response 13:

Included as Attachment 3.2 to this submittal is the preliminary response
from Teledyne Engineering Services regarding their previous analysis
discussed in Question 13.

5
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June 20, 1985
6233-19

Anerican Electric Power Service Corp,
1 Riverside Plaza

Columbus, Ohto ¥43216-6631

Attention: \QENCE

Y
Subject: HRC Questfons Relative to the D. C. Cook Units 1 and 2 PORV/SV
Discharge'Ptping_AnaWysis .

Reference: Questton No. 12, PORV Fiuid Transients
Gentlemen:

Attached you will find a copy of our response to Question 12 for your
review, This is not a formal transmittal and therafore, this package

should be considered preliminary until offfcially transmitted through our
Document Contrel Department.

Vaery truly yours, '
- TELEDYNE ENGINEERING SERVICES
Koo Lpfonrce

Lenin B8, Sempruccd
Project Manager
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NRC Question 12 (Reference 1) states in part that ... "it was not
clear in the submittal if the relfef valve piping analysis included the
relief valve opening on water .., The piping analysis report contained in
the submittal does not present a description or results of the PORY fluid
transient analysis. Provide an expianation on whether this steam-water

case was considered in selecting the transients that produce the maximum
loading on the PORY piping system,"

The pressurizer safsty and relief valve discharge piping analysis for
the D, C. Cook Units 1 and 2 plants was presentad in four reports:
TR-5364-1, 2, 3 and 4 (Reférences 2.;?. 4 and 5). Reports TR-5364-1 and 2
contained the details of the PORY analysis for Units 1 and 2, respectively.
Reports TR-5364-3 and 4 contained the details of the safety valve anlaysis
for Units 1 and 2, respectively, Tha support loads, nozzle loads, valve
end moments and valve accelerations from PORY discharge are summarized in

TR-5364-3 and 4, However the PORV pipe stresses are not included in
TR-5364~3 and 4, ‘

The D, C, Cook Unit 1 safety and relief valve discharge piping was
- analyzed for two cases of relief valve operation. The first case was the
relief valve opening on steam followed by steam discharge. The second case
is the relief valve opening on water followed by water discharge, For both
cases the prassurfizer pressure was assumed to follow the envelope curve
(Ffqure 1) provided by AEPSC (Reference 6) which {s based on the Unit 2
FSAR Figure 14,1,6-13 and Westinghouse Report WCAP 10105, Figure 4-6.

The pressurizer steam in Case 1 is assumed to be saturated at the
pressures specified in Figure 1, The subcooled water {n Case 2 is assumed

to be at 400°F as specified fn the AEPSC directfve shown in Table 1 and
obtained from Reference 6.

Cases 1 and 2 ware run on a RELAP 5 mod 1 model of B, C. Cook Unit 1 as
fs described in detail in Reference 2, Force time histories of both cases
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wera -developed using REPIPE (Reference 7), These force-tims histories
were subnitted to the structural dynamic program THRSAP (Reference 8), It
was determined that Case 2 produced the bounding loads and therefore pipe

stressas and loads were reported for this case. Based on the Unit 1}
analysis only Case 2 was considerad for Unit 2.

PORV discharge is taken to be an upset condition. PORV discharge 1is
included in the following load combinations specified in Reference 6 and

Tabeled B2 and B3 for stress combinations and D2 for support load combina-
tions,

- ‘ 5
B2: PORV transient pressure + deadi:eight + E)&Ez + PORVZj < 1.2 Sy

* B3: PORY thermal stress range< 1,25 Sc + 255y

r ” {
02: PORV transient + PORY transient + LSOBE)2 + (PORV)Z] |
Weight Thermal 81owdown |

The r'esults of the stress analysis, support loads, nozzle loads, |
valve end moments and valve accelerations for Case 2 of the PORV discharge

are reported in TES Technical Reports TR-5364-1 and 2 for D, C, Cook Units
1 and 2, respectively.
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Table 1

SECINITIONS AND IXPLANATIONS 13 ZTABLES I _AND IX )

V. PORV AND SV TRANSIEDNT SHOCR - Piping straasszes and support
oads shall be dewarmingd <ron tha tima-hisiory dynamic
stzuctuzal anslyses o2 the piping system using 4he forcing

functions obtained frozm the Thermal-Hydraullc tfansiant
analyses.

s

1. Thase analysses shall assume thoflarqcse piping stresses ang
support loads will occux whcndoitho: 3 poRv's 2ischax

sinultaneously oz when 3 sV!
the respective transient shocxs. -

2. The types of transients to be investigated shall i{ncluda:s
A. DPORV TRANSIENTS -

a., Condansate slugs of water followed by stsam discharge,
f{rom upset prestars rises,

b. Continuous varm water discharga from shut-down abaormal
events Texp. = 400°°,

B, SV_TRARSIENT -

a. Condansate Slugs of watar folloved by staam dischazge,

{rom energency prassure rises; see shest § for postu-~
lated worst scenarioc event,

NOTES:

»

The PORY discharge piping was analyzed for the transfents described in
AEP directive dated November 29, 1982,

The condensate slugs referred to in PORV transient "a® above are due to
the fact that the PORV {nlet piping for D. C, Cook Units 1 and 2 is
slightly sloped toward the PORV'S, therefors a small slug of
condensate {s formed before each of the valves.
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1.

2,

3.

4.

5.

REFERENCES

NRC Questions Relative to D. C. Cook Units 1 and 2 Pressurizer PORV/SY

Discharge Analysis, Transmitted to TES {n AEP Letter Dated March 26,
1985 from Osman Yasin to L, B, Semprucct,

TES Tachnical Report TR-5364-1, D. C, Cook Nuclear Generating Plant,

Analysis of Pressurizer Safety/Reiief valve Discharge Piping System
per NUREG 0737, 11.0.1 Unit 1, June §, 1983,

TES Technical Report TR-5364.2, D. C. Cook Nuclear Generating Plant, -

Analysis of Pressurizer Safetylkilfef Valve Discharge Piping System

per NUREG 0737, 11.0,1 Unit 2, June 6, 1983.

TES Technical Report TR-5364-3, D. C. Cook Nuclear Generating Plant,
Analysis of Pressurizer Sqfety Yalve Discharge Piping System with
Drained Loop Seals per NUREG 0737, II.D.1 Unit 1, July 18, 1983.

TES Technical Report TR-5364-4, D, C. Cook Nuclear Generating Plant,
Analysis of Pressurizer Safety Valve Discharge Piping System with
Drafned Loop Seals per NUREG 0737, II1.0.1 Unit 2, July 18, 1983.

AEPSC directive on transients to be analyzed and load combinations,

lettar dated Novem@er 29, 1982 from Sam Ulan (AEPSC) to L, B.
Semprucct (TES). '

REPIPE Computer Program, Control Data Corporation. A computer program
to develop forces from RELAP output,

TMRSAP: A computer program to perform structural dynamic analysis of
piptng systems, copyright(:) 1976 by Teledyne Materials Research.
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Attention: AEEEEESNG .

Subject: NRC Questions Relative to the’D, C. Cook Units 1 and 2 PORY/SY
Discharge Piping Analysis

Reference: Question Mo. 13, REPIPE Calculations

Gantlexen:

Attached you will find a copy of our responsa to Question 13 for }our
review, This {s not & formal transmittal and- therefore, this package

should be considered preliminary until officially transmitted through our
Document Control Department. ’

Yary truly yours, i
TELEDYNE ENGINEERING SERVICES
e (3 prl e

Lenin B, Sempructi
Project Managar

L8S/1h
Attachment :

ENGINEERS A7) - "5* LURQISTS .






¢

Attachment to 6233-20
Page 1 -

NRC Questfon 13 states:

‘“The REPIPE momentum equations contain an accaleration term which,

when used with RELAPS results, commonly introduces spurious spikes

into the calculated fluid forces for 1iquid discharge situations,
These spikas can be avoided by using a large time step in the REPIPE
calculations, but this may result in losing the peak force values. In
the event that ligquid discharge resulting from cold overpressuriza-
tfon transisnts needs to be considerad, an assessment of the use of
. REPIPE in conjunction with RELAPS5, should be provided.”
%

Teledyne Engieering Services' responsa to this quastion 13 as follows:

The REPIPE time step used in the S/RV analysis was equal to 0.001
saconds and was not increased to avoid spurious spikes, This time
$tep was based upon the criterfa that it should be 1ess than or equal

to 1/10th of the period of the highest signxftcant natural frequency
of the piping systes,

Spurious spikes ‘were observed in some of the flufd forces generated by
REPIPE. When these spikes occurred they were fnvestigated to deter-

mine their source. It was found that these spikes.resulted from

fluctuations in the RELAP mass flowrate, The fluctuations were due to
sudden changes in the sonic velocity calculated by the two-phase
choked flow correlations contained in RELAP.

In conclusion, the force calculation time step was based upon the
piping system response characteristics, and not increased to avoid

spurious spikes. Thersfore, the "peak force values" have not been
Tost. '
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Attachment 4.0
AEP:NRC:0585H

guestion 14:

Bending moments ‘are induced on the safety and relief valves during the

time they are required to operate because of discharge loads and thermal

expansion of the pressurizer vessel and inlet piping. The Teledyne ’
Engineering Services (TES) Report (TR-5364-3 & TR~5364-3) provided the

bending moment components for the safety and relief valves. Make a

comparison of the predicted Cook 1 and 2 safety and relief valve bending

moments to the tested wvalve bending moments to demonstrate that the

operability of the valves are not impaired.

Response 14:

Included as Attachment 4.1 to this submittal is the preliminary response
from Teledyne Engineering Services regarding their previous analysis
discussed in Question 14. .







Attachment 4.0
AEP:NRC:0585H

guestidn 15:

According to results of EPRI tests, high frequency pressure oscillations
of 170-260 Hz typically occur in the piping upstream of the safety valve
while loop seal water passes through the valve. An evaluation of this
phenomenon is documented in the Westinghouse report WCAP 10105 and
states that the acoustic pressures occurring prior to and during safety
valve discharge are below the maximum permissible pressure. The study
discussed in the Westinghouse report determined the maximum permissible
pressure for the inlet piping and established the maximum allowable
bending moments for Level C Service Condition in the inlet piping based
on the maximum transient pressure measured or calculated. Wwhile the
internal pressures are lower than the maximum permissible pressure, the
pressure oscillations could potentially excite high frequency vibration
modes in the piping, creating bending moments in the inlet piping that

should be combined with moments from other appropriate mechanical loads.,

Provide one of the following: (1) a comparison of the expected peak
pressures and bending moments with the-allowable values reported in the
WCAP report or (2) justification for other alternate allowable pressure
and bending moments with a similar comparison with peak pressures and
moments induced in the plant piping. .

Response 15:

The pressurizer safety valve loop seals at the D. C. Cook Nuclear Plant
have been drained and are maintained in a drained condition. Therefore,
the question does not apply to this installation. (Refer to response
for Question 9.)






Attachment 4.0
AEP:NRC:0585H

ggestion 16:.

Further information is required to evaluate the structural analyses of
the safety valve and PORV piping sSystems. The submittal states that the
TMRSAP computer program was used to perform the structural analyses.
Provide a description of the methods used in this program and explain
how the program has been verified for the type of transient analyzed.
Describe the methods used to model the connections to the pressurizer
and relief tanks and the safety valve bonnet assemblies and PORV
actuators. Also the submittal presents the calculated values for forces
and moments on the pressurizer and quench tank nozzles and moments on
the valve flanges. It does not, however, present a statement on the
acceptability of these forces and moments. Provide a statement
regarding the acceptability of these nozzle loads. '

Response 16:

Included as Attachment 4.2 to this submittal is preliminary input from
Teledyne Engineering Services regarding their previous analysis
discussed in Question 16. The nozzle loads calculated by Teledyne for
the pressurizer and pressurizer relief tank are in some instances higher
than the nozzle-umbrella loads furnished in the pressurizer equipment
specification. We have reviewed these calculated forces and moments and
have judged that the increases in magnitude are sufficiently low, that
the allowable stress levels in the nozzles will not be exceeded. We
have, however, transmitted these revised loads to Westinghouse Electric
Corporation for review.
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. Attachment 4.0
- AEP:NRC:0585H

ggestion 17:

The piping analysis report presents calculated pipe stresses for load
combinations corresponding to emergency conditions and states that
normal and upset conditions were shown to be acceptable in TES Technical
Reports TR-5364~3 and TR-5364-4. The loading combinations used for the
emergency condition are identified in the submittal and are in accord
with recommendations of the EPRI PWR Safety and Relief Valve Test
Program Guide for Application of Valve Test Program Results in
Plant-Specific Evaluation, March 1982. Specify which load combinations
and stress limits were used for the normal and upset conditions. The
EPRI Guide also recommends that the Class 1 portion of the piping be
analyzed for a faulted condition where SSE and fluid transient loads are
combined. Provide justification for not including the recommended load
combination for faulted condition in the Class 1 portion of the piping.

Response 17:
o

Plants with an FSAR can use their origi;al design basis in conjunction
with the appropriate system operating transient definitions given in
Appendix E, Table 3 of the "EPRI PWR Safety and Relief Valve Test
Program Guide for Application of Valve Test Program Results to Plant
Specific Evaluation," Interim Research Report V-102 Rev. 2, dated July
1982. (Reference Table 1, Note 1) As such in conformance with the

D. C. Cook Plant FSAR - Table 2.9-2, Part B, "The Loading Conditions and
Stress Limits for Pressure Piping" have been utilized.,

The piping is assumed to be in the elastic range for the safe shutdown
of the plant and an inelastic analysis with higher yield strength
allowables is not needed. The Cl emergency stress load combination
(Ref. Section 6.1, Teledyne Report TR-5364-3, Book 2 of 3) therefore
includes a design basis earthquake load. However, the likelihood of an
SSE earthquake concurrently occurring during an SRV event seems highly
remote and was henceforth not included in the C2 emergency load
combinations (Ref. Section 6.1, Teledyne Report TR-5364-3, Book 2 of 3).
The evaluation of a faulted load event such as a DBE in the Cook
emergency load combinations with a lesser allowable stress is
conservative relative to present nuclear industry codes and standards.






Attachment 4.0
AEP:NRC:0585H

Question 18:

The analysis report lists the load combinations that were considered for
the pipe supports. The load combinations listed meet recommendations for
the EPRI Guide except that they do not include a combination for a
faulted condition nor do they identify acceptance criteria used.

Justify not including a faulted condition in the evaluation of the pipe
supports and explain what acceptance criteria were used to evaluate
support adequacy.

~

Response 18:

»

Plants with an FSAR can use their original design basis in conjunction
with the appropriate system operating transient definitions given in
Appendix E, Table 3 of the EPRI PWR Safety and Relief Valve Test Program
Guide for Application of Valve Test Prdgram Results to Plant Specific
Evaluation," Interim Research Report V-102 Rev. 2, dated July 1982.
(Reference Table 1, Note 1) As such in’ conformance with the D. C. Cook
Plant FSAR - Table 2.9-2, Part C, "The Loading Conditions and Stress
Limits for Equipment Supports" have been utilized.

Since our supports are required to remain within the elastic range for
the safe shutdown of the plant, an inelastic analysis with higher yield
strength allowables is not needed. The El emergency support load
combination (Ref. Section 6.2, Teledyne Report TR-5364-3, Book 2 of 3)
therefore includes a design basis earthquake load. However, the
likelihood of an SSE earthquake concurrently occurring during an SRV
event seem highly remote and was henceforth not included in the E2
emergency load combinations (Ref. Section 6.2, Teledyne Report
TR-5364-3, Book 2 of 3). The evaluation of a faulted load event such as
a DBE, in the Cook emergency load combinations assuming permanent
support deformation is conservative relative to present nuclear industry
codes and standards.
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ENGINEERING SERVICES

130 SECOND AVENUE
WALTHAM, MASSACHUSETTS 02254

(617) 890-3350 TWX ({710) 324-7508

June 7, 1985
6233-17

American Electric Power Sérvice Corp.
1 Riverside Plaza
Columbus, Ohio 43216-6631

Subject:  MRC Questions Relative to the D.C. Cook Unit 1 and 2 PORV/SV
Discharge Piping Analysis

Reference: Question No. 14 Valve End Moments
Dear NN

Enclosed you will find a copy of our response to Question 14 for your
review. This is not a formal- transmittal and therefore, this package

should be considered preliminary until dfficially transmitted through our
Document Control Department. ’

Very truly yours,
TELEDYNE ENGINEERING SERVICES

o (Ltfopriszas

Lenin B. Semprucci
Project Manager

LBS/cbw

Enclosure

EMNGIMEERS AND METALLURGISTS

" TELEDYNE e
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130 SECOND AVENUE
WALTHAM, MASSACHUSETTS 02254

(617 890-3350 TWX (710) 324-7508

June 12, 1985
. 6233-18

American Electric Power Service Corp.
1 Riverside Plaza . .
Columbus, Ohio 43216-6631 '

Attention: UNENNENENEENY

Subject: NRC Questions Relative to the D, C. Cook Units 1 and 2 PORV/SV

Discharge Piping Analysis -

Reference: Question No. 16
Gentlemen:
Enclosed you will find a copy of our response to Question 16 for your
review, This is not a formal transmittal and therefore, this package
should be considered preliminary until officia]ly transmitted through our
Document Control Department.

Very truly yours,

TELEDYNE ENGINEERING SERVICES

A (3 %ﬂw“«

Lenin B. Semprucci
Project Manager -

LBS/1h

Enclosure

ENGINEERS AND METALLURGISTS
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8.0 DYNAMIC ANALYSES

In dynamic response analysis, the solution of the equations
Ma + Cu + Ku = R(t) (15)

%s required, where R(t) can be a vector of arbitrary time vary%ng loads or of
effective loads which result from ground motion. Specifically, in the case of
ground motion, if it is assumed that the structure is uniformly subjected
to the ground acceleration Ué (Ref: 5), the equilibrium equations

considered are:

’"
rd

“ (16)

MUr + CUr + KUr = -MUg

Where up is the relative displacement of the structure with respect to the

ground; i.e., up = U - ug.

The program can carry out a history analysis for solution of Egs. (15)
or (16), or a response spectrum analysis for solution of Eq. (16). The
history analysis can be carried out using mode superposition or direct
integration. The response spectrum analysis necessitates, of course, first
the solution of the required eigensystem.

/ ..
8.1 Response HiStory Analysis by Mode Supergosition,/

In ﬁzr/;ode su e¥;::ition amalysis, i

structural fesponse ci;, e described,adequately Oy the p lowest/vibrati

modes, where p <<n. ,Using the tydnsformati the c:}ymns
in .@) are the p M-6rthonormalizéd eigenvectors, Eq. (15) cag’be written as

/

X+ax+sade=pRr ‘ 7)

is assumed thdt the







/éculation 7tress components at'/ pre-sefected times _ /
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N2 = giag. (w?) ~(18)

In/£q. (18), it 1s/assumed that the gémping matrix C sptisfies the modal
thogonality condition // " | ya

I

T. = oy "'

¢y cos=0 Gra. - (19

Equation/ (17) thereforeij :‘épresents p uncoupled second order differential
4

equations.: These are solved in the prog?(using the Wilson-@ method, which

isea//unconditiona'll stable step-by-stef integration scher}e (Refs. 5 and 6).
The/ same time ste'g,-‘ls used in the inteéeatl’&‘n of all equat.ions to simplify the

| ’}n the case of prescribed grou.nd motion/Up = (D X and in q. (17),
the rigly- hand side if given by - Q)T“ Mu'g, where the ground accefleration is
.considered as the sum of /sthe components in/t e X, Y, and Z directions as
de5/c'wbed in Section 8./3./ e

8.2 Recsponse History Ana'l_yéis by Direct Inteqration

The solution of the equations. of motion, Egs. (15) and (16), can be
obtained by direct integration (Refs. 5 and 6). In the program the Wilson-8
method is used, which is unconditionally stable. The algorithm employed is
summarized in Figure 8-1. It need be noted that Rayleigh damping is assumed;
i.e., C=XM + BK (Ref. 5). This form of damping is easily taken account of
in the analysis, because no storage and no multiplications for a damping
matrix are required.

/ 4
8.3 Response Spectrum Analxsis]

4" 4
/ / / s ’
In this dnalysis, the/ground accelerdtion vector in Eq. (16),"is
/ / / 7/ /

7/ .

.
-’
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Initial Calculations

1.

2,

3.

Calculate thb following constants (Assume C = &M+ ﬁK).

8=1.4, 7= e b, = fa,
2 2
a, = (6 +3am /(T +387) a = 3b1/1' -6/(7 0
b, = a= 830 ag = 2b1-6/(~.e)
e /a8 _
a, = 6/7 ¢ ab“/‘r' 8, = bl‘f/2 +1-3/9
32 =6/7 + Zbo 38 = At/2
- ) * 2 2
ag =24 /2 ag = At°/3
2
. 2 1
a, 6/1 83T+ 7)) %10 53 %

Form cffuective staffness mntrzﬁ; .

R + M.
aO

-
Triangularize K

For Each Time Incroement

s
Yorm c¢ffcctive load vectior Rt .

‘ LA e
R = Ro+o(k, i)+ Magu, -+ 38 ajil .

*
Solve for c¢ffective displacement vector ut.

Colculate new accelerat:on, velocity and displacement vectors,

L1} t L) e
u 2 3 u 4+ a.u “ [ ¥ +
vadt o %qY T A5My Yy Ay,

: - (X
u ¢ ah(“t

.I g 1
“*ﬁﬂ " + ut)

1At
Ugsat = Ve T Ot M T At a0 e

Calculate element stresses if desired.

FIGURL &1 (rep-py-step Jdirect integraticn zigcoritnm
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4.14 A & B Dynamic Analysis of a Three-Dimensional Piping System
Subjected to Time Varying Loads - FTMS1, FTDI1 & FTMS120

Introduction - A dynamic analysis is performed with the piping
system shown in Figure 4.14-1 using the STARDYNE program and the TMRSAP
program with analysis types,

NOYN = 2; Dynamic Response Analysis for arbitrary time de-
pendent loads using mode superposition. (Problem
4.14A)

_NDYN =.4; Dynamic Response Aeplysis for arbitrary time de-

pendent loads using step-by-step integration.
(Problem 4.148)

Problem Description - The computer model is shown in Figuré
4.14-1 and is composed of sections of straight pipe, curved pipe (elbows)
and a valve with a concentrated weight. Nodes 1 and 48 are fully fixed and
therefore, are prevented from having any displacement or rotation. The

time varying loads applied to the nodal points on the structure are shown
in Figure 4.14-2,

Property Data

(a) Member Properties

FROM T0 0.0. t Wt.
NODE NODE {in.) (in.) (1b/in) Comments
1 42 12.0 0.562 8.71 | emcecea
42 46 24.0 2.0 39.12 5000 1b.concen-
. : trated weight
‘ ‘ at node 44
46 48 16.0 0.50 6.80 = amemem
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Node 44 has a 5000 1b. weight

FIGURE 4.14-1 3-D PIPING SYSTEM
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(b) Geometry

NODE COORDINATES*

NO.. X Y _ Z

1 0 0 0’

8 0 0 -10.752
10 0 27.000 -37.752
14 0 90.277 -37.752
16 0 117.275 - -64.474
22 0 118.638 -196.736
24 0 126.545 -215.549
28 0 136.858 - -225.862
30 -26.728 156,138 -204.764
42 - -327.240 160.392 . -244.764
44 ".347.244 160.680 © -244.764
46 -347.244 144,672 -244.764
48 . -347.244 135.732 -244,764

(c) System Restraints
Nodes 1 and 48 are fully fixed
Time Varying Load Input
F &
(LBS) '
]
]
!
i
!
|
:
ti tf ¥ (Sec)

FIGURE 4.14-2

*Note:  There are slight differences in the coordinates of previous
publication of this problem (ref. 12) due to changes in formats on this
version of the code.
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NODAL LOADS
Node t; te N FysLB. F, LR
44 0.0 0.05 -34,460.6 - --
30 .01993 .06993 33,200.7 - --
28 ©.01993 .06993 -- 23,476.4 -23,476.4
24 02303 .07303 --. -23,058.9 | 23,058.9
22 02303 | .07303 z - -32,610.2
16 .03310 .08310 -- - 31,664.7
14 .03310 .08310 -~ 31,664.7 --
10 .04004 .09004 -- -30,543.6 .-
8 .04004 .09004 - - -30,543.6
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Problem 4.14A° .
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:

Mode Superposition Parameters for TMRSAP

Number of Modes, NF =5
Damping = 0,005
Solution Time Step = 0.002 sec
Displacement & Stress

Print Time Step = 0.0{ sec

Note: The maximum and minimum displacements and pipe end loads are
obtained from the solution time step.

[
%

Computer Reference #14

Problem 4.148

Direction Integration parameters for TMRSAP

a , Mass Factor, = ,256

8 , Stiffness Factor, = ,0000395
Solution time step, OT = 0.002 sec
Print Interval Time Step = 0.01 sec

Computer Reference #15
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Results:

"The selected responses from TMRSAP and STARDYNE are plotted in
Figures 4.14-3 through 4.14-8. : )

Comments

The My bending respnse for superposition at Element #12, Node 48,
doesn't agree very wel] initially with the STARDYNE results. This can be
attributed to the fol]ow1ng°

1. STARDYNE uses a different integration technique; this is ex-
pected to have a small effect. *?

2.  STARDYNE calculated the response by a technique that uses. star

static. The elements' response plotted is not a summation of the
elements modé]'response. Instead, the modal nodal acceleration
responses are summed and converted into equivalent force vectors
at each time step and added to the external load vector. This
force vector is statically applied to the entire structure
resulting in displacements that may be different than those
obtained by mode superposition alone. Since the displacements
are different, then the element load can be expected to be
different. This method approximates treating the higher modes
(the modes not considered) statically. F

Item 2 can be tested by running TMRSAP with more modes and observing
if the responses from STARDYNE are in closer agreement. It would also be
expected if damping is not a significant factor, that the responses from
direct integration would be closer to the TMRSAP's mode superposition.
This is indeed the case, the initial My response by mode superposition for
20 modes is plotted in Figure 4.14-9 and shows closer agreement to STARDYNE
results and TMRSAP direct integration results. The results are obtained
from Computer Referenc: £16. |
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