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SCOPE

This document provides the environmental qualification for the High
Pressure Safety Injection pumps installed at the Arizona Nuclear Power
Project, Palo Verde Units 1, 2 and 3.

ASS IGHl1ENT OF RESPONSIBILITY

Combustion Engineering shall be responsible for conducting this
investigation into the environmental qualification of the equipment
covered by this report. The methodology utilized will be in accordance
with the guidance of References 3.1, 3.2, 3.3, and 3.4.

APPLICABLE REFERENCES

The following references apply to this investigation:

IEEE 627-1980, Design gualification of Safety Systems Equipment Used in
Nuclear Power Generating Stations r

IEEE 323-1974, gualifying Class lE Equipment for Huclear Generating
Stati ons.

C-E guality Assurance of Design tlanual.
4

V-PAK-467, Procedure for the Environmental gualification of fiechanical
Equipment for AHPP Palo Verde Units 1, 2 and 3.

C-E letter V-PSD-1006 dated June 18, 1982, ANPP, TVA, WPPSS, NUREG 0588
gual i fi cati on Parameters for Safeguard Systems.

Ingersoll-Rand letter dated December 6, 1983, Safeguard Pumps, Hon-
t<etallic Materials Hechanical Equipment Environmental gualificati on.

Ingersoll-Rand Instruction t'manual for Centrifugal Pumps, 4 x ll CA-8
High Pressure Safety Injection Pumps.

C-E System 80 CESSAR FSAR.

Bechtel letter B/CE-E-43422 dated January 21, 1983, 'Environmental
qualification Param.ters.

C-E Specification SYS80-PE-410, Rev. 03, Specification for Standard
Plant for Safeguard Pumps for System 80 Standard Design.

C-E Specification 14273-PE-410, Rev. 02, Project Specification for
Safeguard Pumps for AHPP Units 1, 2, 3, 4 and 5.

lIyle Report 26364 dated December 31, 1981, Nuclear Environmental
Evaluation Report of Valve Packing and Gaskets used in Anchor Darling
and Dresser Valves for Bechtel Power Corporation ANPP PVHGS Units 1, 2
and 3.

V-PAK-481 Page 3 of ll



4

II



3.13

3.14

3.15

3.16

3.17

Wyle Report. 26365 dated December 16, 1981, Aging Analysis of Non-
Hetallic Components in Ingersoll-Rand Centrifugal Pumps- for Bechtel
Power Corporation for use in PVNGS Units 1, 2 and 3.

Ingersoll-Rand letter dated December 9, 1983, 4 x 11CA-8 Stage HPSI
Pump.

C-E Program 14273-PE-5734, Rev. 01, Environmental gualification Program
for Safety Related Electric Solenoid Operated Pneumatic Pilot Valves on
Nuclear Service Valves for ANPP Units, 1, 2 and 3.

Dura Seal Manual, Guide to Hodern i, chanical Sealing, 6th Edition.

Research Report 1209-A dated October 20, 1976, The Testing of Dura
Seals in 2.54 Borated Water for Nuclear Power Plant Services.

3.18 "Selecting Elastomeric Seals for Nuclear Service" by R. Barbarin in
Power Engineering dated December 1977.

3.19 V-PAK-483 dated December 16, 1983, Lubrication of HPSI Pump - t1Eg.-

3.20

4.0

TDH-83-290 dated December.16, 1983, Shell Turbo 68 Oil Lubrication of
the Ingersoll-Rand HPSI Pump.

OVALIF I CAT I ON

4.1 Equipment Description

The High Pressure Safety" Injection (HPSI) pump is an eight stage
centri fugal pump manufactured by Ingersoll-Rand Company.

The basic parts of the pump are the rotating assembly and the casing
that encloses it. Liquid enters in the center of the first stage
impeller and, as the impeller rotates the liquid moves through the
impeller vanes to the rim. A centrifugal force is thus imparted on the
liquid and that force is converted to an increase in pressure. Each
succeeding stage. incrementally increases the pressure. The HPSI pumps
have a double suction to the first stage and an internal single suction

'orthe remaining seven stages.

The primary function of the HPSI pump per Reference 3.8 is to inject
borated water into the Reactor Coolant System (RCS) if a break occurs
in the RCS boundary. for small breaks, the RCS pressure remains high
for a long period of time folloving the accident, and the HPSI pumps
ensure that the injected flow is sufficient to mitigate a Loss-Of-
Coolant-Accident (LOCA). The HPSI pumps are also used during the
recirculation mode after a LOCA.to maintain a borated water cover over
the core for extended periods of time. For long term core cooling, the
HPSI pumps are manually realigned for simultaneous hot and cold leg
injection to insure flushing and ultimate subcooling of the core
independent of break location. For small breaks, the HPSI pumps
continue injecting into the RCS to provide makeup for spillage out the
break while a normal cooldown is implemented.
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4.2

During normal operation the high pressure safety injection pumps are
isolated from the RCS by motor operated valves. During safety
injection the HPSI pumps deliver water from the water storage tank to
the RCS via the cold leg safety injection nozzles whenever RCS pressure
falls below reactor coolant pump shutoff head. During the
recirculation mode of operation, the pumps take suction from the
containment sump.

Per Reference 3.5 HPSI pumps are normally on standby, ready to operate,
and provide shutdown cooling at floe rates up to runout (4400 gpm) for
one year. After one month of accident conditions normal fluid
temperature will prevai l.
~sstem Oper'ability Reguirements

External Environment (Reference 3.9)

Radi ati on
Temperature

Normal Accident

3.5 x 10 Rads9.65 x 10 Rads
104 F 104'F

Fluid Environment (References 3.8, 3.9, 3.11)

Radiation
Temperature 120'F

1 x 10 Rads
300'F

4.3 Co~in anent Function and Failure Cons~euences

Per Reference 3.5, the HPSI pump must be capable of operating up to
9636 hours post accident at runout flov conditions in addition to
operating 62 hours per year for testing plus 100 hours for
preoperational testing.

Due to the redundancy designed into the system the safety functions can
be accomplished with the failure of one HPSI pump during the injection
mode or the recirculation mode of system operation. -.--

4.4 Non-metallic Components

The non-metallic materials listed on Reference 3.6 are given below:

Part Nurhber Name Non-Metallic Hater'ial

3638
363C
363H
363E
363D

284

Flexitallic Gasket
Flexitallic Gasket
Flexitallic Gasket
Flexitallic Gasket
Fl exital1 i c Gasket

Gasket

Asbestos
Asbestos
Asbestos
Asbestos
Asbestos

Hydr oil
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429 Durametallic Seal

Bearing Lubricant

Trico Oiler

Carbon, EPT

SAE 10 liotor Oi.l

Glass Bottle, rubber gasket

4.5

4.6

Function and Failure Consequence of Non-ltetallic Parts

Flexitallic gaskets are used between the discharge head and the barrel
and between stages to retain pump discharge pressure. Flexitallic
gasket failure will allow leakage between stages. A significant
leakage between stages would reduce flow and head and could impact the
performance of the safety function. The failure of Flexitallic gasket
Part No. 3638 would all mr discharge of fluid to the atmosphere.

Hydroil gaskets are used as outboard cover gaskets for the bearing
housing on each end of the pump shaft. A hydroil gasket failure will
'allow bearing oil to leak from the bearing housing. Since the pump
mjst operate for one year after an accident loss of oil to the bearing
through failure of the hydroil gasket cannot be tolerated.

Durametallic seals on both ends of the pump prevent the pump from
leaking the borated water past the pump shaft into the atmosphere.
Naximum all arable leakage is 50 cc/hr. per seal. Excessive leakage
will increase the NPSH (required) and could cause cavition that could
impact the performance of the safety function.

Bearing lubricating oil loss will lead to bearing failure which will
cause the pump to be inoperative.

The Trico oiler provides a reservoir for oil and provides an indication
of oil level. The rubber gasket provides sealing between the glass
reservoir and the metallic base. Per Reference 3.6, the required oil
level is bel 0< the glass reservoir, loss of the glass reservoir and
rubber gasket does not affect required operability and can be excluded
from the qualified life analysis.

~uglified Life

4.6.1 Flexitallic Gaskets

Flexitallic gaskets per Reference 3.12 do not exhibit any thermal or
radiation aging effects due to the inherent stability of the
metallic/mineral composition in comparison to the worst case
environment.

a

Asbestos has historically been known for its resistance to heat effects
and data indicates that there is ~o net change to asbestos to.a
radiation threshold of 3.96 x 10 Rads.
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4.6.2

4.6.2.1

~H droi 1 )Cellulose) Gaskets

Time/Temperature Effects

qualified life based on Arrhenius methodology is a linear plot on semi-
log coordinates and can be represented analytically as:

log (life) = A + B

T

Where the temperature is expressed in 'K and the constants A and B are
determined from aging data.

From agi ng data given in Reference 3.13, i.e.,
life = 204 years at T = 104'F
life = 1 year at T = 212'F

log (life) = 4494.'16874 - 8.1060666~i'x~
Reference 3.13 indicates that bearing temperature during required
accident conditions will not exceed 180'F. Since the cover gasket is
in contact with the bearing oil reservoir. it is 'assumed that it will be
at the same temperature. Additionally, for conservatism, the
temperature will be assumed to be 180'F. The qualified life is
therefore:

life18poF = 35,121 hrs.

During normal operation and for time periods after the initial 30 day
accident function, fluid temperature is defined as 120'F. it will be
assumed for conservatism that this temperature will be the temperature
of the gasket. The qualified life for this condition is:

life12poF = 717,113 hrs.

Based on operation parameters given -in Reference 3.5 and applying a 10$ -.------.
time margin to accident functions:

Re'uired life, hrs Qualified life lirs

Accident function at 180'F

Accident function and normal
operation at 120'F

792

11,424

35,121

717$ 113

Time while pump not operating 347,820
at 104'F

1,787,040
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To determine. the impact of the varied operational parameters on
qualified life, it can be assumed that the available life at a less
severe operating condition is reduced by the percentage of life used at
the higher operating condition, i.e.,
gL2 -QRL1/gL1) x gL2 = AL2

l1here gL2 = qualified life at temperature 2
RL1 = required life at terperature 1

gL1 = qualified life at temperature 1
AL2 = available life at temperature 2

This available life becomes the new qualified life to be applied to the
next less severe condition.

available life120,F = 700,941 hrs.

available life104oF = 1,717,615 hrs.

Since the calculated available life, 1,717,615 hrs, is greater than the
required life, 347,820 hrs, the hydroil gaskets are qualified for 40
years.

4.6.2.2 Radiation Effects

Peg Reference 3.13, hydroil gaskets have a radi~tion threshold of 1 x
10 rads but can be utilized for doses of 1 x 10 rads and still
maintain over 70/ of their flexural and tensile strengths. At 1 x
10 rads original flexural and tensile strengths have degraded over
90'.4.

Since the gaskets are not in contact with the fluid the radiation dose
that they will see will be th~ environmental normal and accident doses
over a 40 year life. (1 x 10 rads). The gaskets cari be considered
qualified for 40 years.

4.6.3 Duraihetal 1 i c Seals

4.6.3.1 Time/Temperature E ffects

4.6.3.1.1 EPT (ethylene propylene terpolymer) 0-rings

The qualified life can be determine from the results of thermal aging
based on Arrhenius methodology. The qualified life can be determined
using the Arrhenius equation.

„pp
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Where: t2 = qualified life (hrs)
aging life (hrs)

8 = activation energy (ev)
k = Boltzmans constant = 8.617 x 10'v/'k
T1 = aging temperature ('k)
T2 = service temperature ('k)

From aging data given in Reference 3.15 and service conditions given
in Section 4.2.

life300oF = 2390 hrs

life120oF = 7,363,347 hrs.

life104oF = 19,279,860 hrs.

Based on operation parameters given in Reference 3.5 and applying a

10$ time margin to accident functions:

Re uir'ed life'rs Qualified li~fe'rs
Accident function at 300'F 792 20390

Accident function and normal 11,424
operation at 120'F

Time while pump not operating 347,820
at 104'F

',363,347
19,279,860

To determine the impact of varied operational parameters on qualified
life, the available life can be determined as shown in section
4.6.2.1.

available life]20oF 4,923,275 hrs.

available life104DF = 12,846,148 hrs

Since the calculated available life,-l2,846,148 hrs, is greater than -------
the required life 347,820 hrs., the EPT 0-rings are qualified for 40
years.

4.6.3.1.2 No. 5 Carbon Wear Ring

Per Reference 3.16, No. 5 carbon wear ring is a standard carbon
graphite material with low porosity and high elastic modulus and
does not exhibit any thermal aging effects at the temperature
encountered during service.

Reference 3.17 indicates that the life of wear ring is a function of
wear at a given service temperature, i.e., 3800 hrs. at 300'F and
40,400 hrs. at 150'F during continuous operation. From multiple
cycling tests however, the wear rate increased 17 times over that
encountered during continuous operation. .Total allowable wear is 124
mi 1 l s.
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Based on operation parameters given in Reference 3.5 and applying a
10$ time margin to accident functions and always allowing for wear
due to accident condition operation, the qualified life is:

Accident condition at
300'F

Required
Life hrs

792

Wear Rate
QAi~11 s/h r

.03274

Total Wear
~Hi 1 1 s

25.93

Accident condition at
150'F 8844 .00299 26.44

Wear allowable for normal operation = 124-25.93-26.44 = 71.63 Hills

Utilizing a wear rate of .0525 mills/hr for normal operation, the
qualified life is:.

71.63 = 1364 hrs.
.0525

Since operation is 62 hours/year: 1364 = 22 years
62

4.6.2.1 Radiation Effects

4.6.3.2.1 EPT (ethylene propylene terpolymer) 0-rings

Per Reference 3.18 EPT has a radiation threshold of 1 x 10 rads
andean be considered qualified for 40 years.

4.6.3.2.2 No. 5 Carbon Wear Ring

4.6.4

Industry experience has shown that carbon is not radiation sensitive
and can be considered to be qualified for 40 years.

SAE 10 Hotor Oil --.—.

Oil is subject to gradual deterioration from use as well as
contamination from moisture;and dirt. In time the accumulation of
sludge will cause premature bearing wear. Reference 3.7 indicates
replacement after 3 months of operation.

An alternate lubricant, Shell Turbo 68, is utilized for the HPSI pump
per Reference 3.19. The use of an alternate lubricant is allowed per
Reference 3.7. Reference 3.20 indicates that the lubricant used can
withstand the service conditions for which it is utilized.

V-PAK-481 Page 10 of ll



4.7

4.7.1

4.7.2

~Re lacement and Maintenance

Flexitallic Gaskets

The Flexitallic gaskets are qualified for 40 years without
replacement provided they are not disturbed. Replacement is requiredif they are removed during pump disassembly. No maintenance is
required except as determined by normal surveillance.

a

droil Gaskets

4.7.3

The Hydroil gaskets are qualified for 40 years without replacement
provided they are not disturbed. Replacem nt is required if they are
removed during pump disassembly or if an oil leak occurs. No
maintenance is required except as determined by normal surveillance.

\

Durametal 1 i c Seal s

4.7.4

The EPT 0-rings are qualified for 40 years without replacement
provided that they are not distrubed or that excessive leakage is not
present due to boric acid crystalizati on. Replacement is required
during any m.chanical seal maintenance or if excessive leakage is
found during routine surveillance.

The carbon wear rings require replacement every 22 years based on
projected operation. If excessive leakage is found during routine
surviellance, replacement would on a shorter interval.

Bearing Lubricating Oil

The lubricating oil should be replaced after 3 months of operation or
at least once a year. Since 3 month replacement post-accident is
impractical, the radiation resistance and temperature endurance of
the oil has been evaluated and has been determined to be sufficient
to sustain one year post-accident operation.

5.0 EQUIPMENT 'DENTIFICATION

The equipment consists of the following:

High Pressure Safety Injection PurIps

Manufacturer:

Manufactu'rer Part No.:

Serial Numbers:

Drawing No.

Ingersoll Rand

4x11 CA-8 stage

Unit 1 0776-14/15
Unit 2 0776-16/17
Unit 3 0776-18/19

D-4X11-8CA500X1D, Rev. 5
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THE TESTING OF DURA SEALS
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THE TESTING OF DURA SEALS

IN 2.5X BORATED WATER

This report summarizes the tes'iing accomplished by Durametallic

Corporation on Dura Seals for use in Nuclear Power Plant pumps handling 2.55

borated water. The summarized data, shown in Table I-l, represents over 4,100

hours of testing, simulating the most severe and adverse conditions that such

seals might be subjected to during plant emergency conditions. All the tests

that were conducted assume no external cooling was available. .Only bypass flush-

ing was used to cool and lubricate the seal faces even under the severe conditions

of high temperature with little pressure above the corresponding vapor pressure.

All tests were completely successful with no,failures encountered during the

entire test program.

This series of tests is an update of the test program conducted by

Durametallic Corporation in 1969. The 1969 report is still valid in that .the
~ 4

basic conditions under which the seal's are to operate have not changed appreciably

since 1969. However, seal technology has-progressed and present seal designs and
W

materials may perform better and withstand more severe conditions with less wear.

This latest series of tests show the projected wear life for each of the adverse

conditions tested, including the condition of 150'F product temperature and 250

PSIG seal chamber pressure which was'ot in the 1969 test program. Of'special

significance are the moderate cycle and rapid cycle tests which severely test

the ability of the seal to adapt to rapid changes in temperature and pressure and

to determine whether or not boric acid will immobilize or "hang-up" the seal.
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CONCLUSIONS

1. Type PTO Dura Seals in the design and materials of construction tested
performed totally satisfactory in distilled water containing 2.55 by weight
boric acid under all conditions tested.

2. External cooling is not required.

3.

4.

Bypass flushing of the pump product from the discharge to the seal faces
provides adequate cooling and lubrication.

The projected wear life of the seal faces when operated at various steady,
stable conditions on a continuous basis were:

CONDITIONS
Product Tem ., F

150
150
300
350

Pressure

V.P. + 6 ft. head
250 PSIG

V.P. + 6 ft. head
450 PSIG

'rojected Wear Life
Hours

79,000
40,400
3,800
4,770

5. Wear increases when the conditions are cycled from one to another. However,
even after several product temper ature and pressure cycles, seal wear was
minimal and the seals could be returned to a normal condition and operate
satisfactorily.

6. Seal leakage is essentially nil when the seals operate at any single condition
on a continuous basis.

7. Seal leakage of a minor nature often occurs when changing from one condition
to another.

8. Inmobilization or seal "hang-up" from boric acid crystallization on the
atmospheric side of the seal could not be made to occur from any combination
of cycle changes and/or periodic minor leakage. The boric acid crystals appear
to be dissolved and washed away from the seal area by any minor leakage that
occured.
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TEST SEAL

The seals tested were of 2" shaft size rotating at 3550 RPM and are shown
schematically'n Figs. I-1 and I-2. « Figure I-1 is a PTO Dura Seal design which
was used for most of the testing. Figure I-2 is a modified PTO design having the
insert supported against the gland iri a manner similar to our HPTO high pressure
Dura Seal series. The purpose of tes'ting'oth designs was to indicate that either
design performs equally well and could be substituted if the need should arise.

The secondary seals were EPT terpolymer "0" rings in all instances. This
compound is approved for use in the radiation environment anticipated for nuclear
power plants where such seals are to be used. Other secondary seal materials;
such as, Durafite, were not tested because an "0" ring is considered the most
reliable and least expensive for this service. At the time of our first report
(1969), no elastomer was considered satisfactory, hence the choice of Durafite was
mandatory,

No secondary bushing seal was'used with'the test seals. In our pr'ior
testing it was found that such secon'dary seals did not adversely effect operation
or hangup characteristics of the seal's.'t is even possible that secondary seals
may r'educe any tendency to hangup the'. seal by retaining liquid leakage longer and,
thereby, tending to wash away any boi ic acid crystal buildup more readily. Since
a design without the secondary seal may present the more severe condition for the
seal, it was decided not to include it in the test arrangement.

The rotary seal ring was of solid Tung-Car 62-6 (nickel binder) and the
insert of No. 5 carbon. The compression unit was of 316 stainless steel and springs,
pins .and set screws 420 stainless steel.

The insert rubbing face design used for the final testing had a balance
of 31K and face width of .3.75". The insert rubbing face nose length was standard
at . 125" for'both the PTO design and HPTO design inserts. There was no anti-
rotation pin used for either insert.

TEST E UIPMENT AND FLUID

The test arrangement consisted of a heavy duty centrifugal pump circulat-
ing product to a 15 gallon accumulator tank. The top of the tank was approximately
6 feet above the seal chamber so that at the vapor pressure condition the seal
actually had vapor pressure plus 6 feet of head. Figure I-3 is,a schematic of the
best arrangement used.

Temperature of the product was monitored -by a dial thermometer in the
discharge line and a thermocouple in the seal chamber as a double check.

Pressure was maintained by an external air operated pressurizing pump
monitored by a calibrated pressure gage in the system.

Environmental control to the seal chamber consisted of a bypass flush
from the discharge. A full 1/2" stainless steel tubing bypass line was used.
The throat bushing had a .0075" radial clearance. The bypass volume was approxi-
mately l-l/2 GPM for all tests.

The product fluid was distilled water with 2.5X by we'.ght boric acid
(4.375 PPM Boron).
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TEST CONDITIONS
t"" ~4

The specific conditions tested

Product Tem
Condition F

singly and in combination were:

erature
Seal Chamber Pressure

1
2
3
4

150
150
300
350

66
66

148
176

V.P. + 6 ft. static head
250 PSIG

V.P. + 6 ft. static head
450 PSIG

NIt is believed that these conditions in various combinations represent
the best and worst that might occur to a mechanical seal in a pump used for
residual heat removal, containment spray injection, etc.

The tests were broken down into three categories, as follows:

1. Tests at a steady state condition (one condition only).
These tests established the wear rate to be expected for
each condition of temperature and pressure outlined above.

2. Tests with moderate cycling from condition 3 to 4 and then
to 1, which represents a breakdown situation.

3. Tests with multiple cycling of the conditions. These tests
were designed to try to foul the seal with boric acid crystals
and cause a seal failure due to hangup of some type and are
not representative of any set of conditions that might occur,
to our knowledge.

I't is firmly believed that the seal design presented can withstand anycondition or,combination of conditions that might occur and recover to operate
normally. The entire test series was carried out with the objective of finding
a way to fail the seal within the constraints of the conditions that could be
encountered. As will be shown, the seal performed extremely well and recovered
from adverse. conditions many times over.

RESULTS

The results of testing are summarized in Table I-l and shown graphically
in Figures I-4, I-5, and I-6.

STEADY STATE CONDITION TESTS
Tests 1 through 8 of Table I-1 and Figure I-4 show the results of the

steady state testing. The results of these tests reveal the expected life for the
seals for a variety of potential operating conditions.

Tests 1 and 2 are a condition anticipated as a normal operating condition
of 150'F and vapor pressure which may occur for long periods of time. It can be
seen that at this condition the seal faces have a projected life of 79,000 hours
or more than nine years. In the two tests of 238 hours duration each, used to
determine the wear life, there was no measurable wear on the Tung-Car face.
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Tests 3 and 4 reveal the wear of the, seal if the temperature was 150'F
.and the pressure in the range of 250 PSIG. This condition may occur for long
periods in some systems. The wear of the carbon at this condition was nominal
and resulted. in a projected seal life of 40,400 hours or nearly five years.

Inspection of the seal faces indicated no pitting or .chipping on the
carbon face and a narrow groove (.010" - .020" wide) on the Tung-Car seal ring
face, adjacent to the O.D. of the contact area of the carbon wear face. This
groove was 0.7 mils and 0.55 mils deep respectively and a matching ridge was
observed on the carbon nose AD. The exact cause of this grooving is not under-
stood but it has been observed when sealing hot water and when sealing high pres-

.sure using carbon against Tung-Car. This phenomenon was observed in all tests
of the series except tests 1 and 2 above where it was not evident. In the very
severe test cycles of tests 13 and 14, these grooves were still of nominal depth
and width. It is believed that this grooving proceeds to a point and is self-

'imitingand, therefore, has very little effect on the total projected wear life ~

of the seal.

Tests 5 and 6 conducted at 300'F and vapor pressure represent the most
severe conditions for wear since the liquid film between the seal faces turns to a

vapor and the faces are essentially running in a vapor. The wear per,hour shown
on Figure I-4 was .03274 mils per hohr for a projected seal life of 3,800 hours.
There was no liquid leakage during these tests; however, there were white crystals
of boric acid around the area of the pump and base near the 'seal. These crystals
are the evidence of vapor leakage. It is estimated that 5 - 10 grams of crystals
were in the area which would translate into 200 to 400 cc of liquid leakage for
the test duration of about 72 hours.

Inspection of the carbon Pear faces following these tests revealed some
'face pitting and a few small chips out of the I.DE edge. The damage was not
extensive and the seal would have re'turned to normal operation without difficulty.

Inspection of the Tung-Car'ace revealed a narrow groove about 0.6 mils
deep at the O.D. contact area of the carbon face. This groove and corresponding
ridge in the carbon were about the same as that observed in Tests 3 and 4.

It was evident that the se'al would perform satisfactorily under this
adverse condition and that it may have a reasonably long life (3800 hours projected)
even when operated at this condition'ontinuously.

Tests 7 and 8 conducted at 350'F and 450 PSIG represent another severe
condition, principally due to the high temperature. Again a condition of emergency
rather than 'norm is portrayed. The wear per hour, averaged .0262 mils per hour
which translates into a seal life of 4770 hours duration. Throughout these tests
there was no liquid leakage except small amounts of boric acid crystals.

Inspection of the carbon'revealed face pitting and minor chips on both
I.D. and O.D. The damage was not'extensive and the seal appeared that it would
return to normal conditions without difficulty.

The Tung-Car seal ring revealed little effect except the small groove
adjacent to the O.D; of the carbon wear face similar to that noted in tests 3 and
4. A measurement of depth was not taken.
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MODERATE CYCLING TESTS
Tests 9, 10, and 11 of Table I-l and Figure I-5 show the effects of a

moderate cycle from one condition 'to another. These tests attempt to illustrate
that the seal design will perform when in an emergency operating condition such
as 300'F and vapor pressure and the condition changes to 350'F and 450 PSIG and
then returns to more normal condition of 150'F and vapor pressure. The 150 F and
250 PSIG condition was not used because it is not as severe as that to 150'F and
vapor pressure.

Figure I-5 shows the exact cycle and time at each condition for the tests.
The total wear on the carbon is also shown and the total measurable leakage at
each condition is noted. It can be seen that both wear and leakage were relatively
constant from test to test. Most of the leakage occurred over a short period of
time, usually following or during a change from one condition to another. There
was a considerable buildup of boric acid crystals around the gland and shaft where
leakage is expelled but the seal was apparently not "hung-up" or hampered since
it recovered to leak-free operation in each instance. Again the leakage was often
in the form of crystals rather than liquid and the amount is approximate and
probably low since crystals often floated into the air and were lost. The notation
of "nil" for leakage denoted that the amount of boric acid crystals was very small
and not readily collectable.

The wear was generally high for each test. This would indicate that
changing conditions increases wear considerably as compared to a steady state
condition.

The carbon insert faces appeared satisfactory after each test with only
minor pitting and chipping to indicate the severe conditions encountered.

The Tung-Car seal rings revealed the groove at the O.D. of the contact
area with the carbon, The groove was 1.2 mils deep and after test 10 it was
1.8 mils deep. Test 11 was not measured. The grooves remained at about .020" wide.
The groove was somewhat deeper but otherwise the same as observed before.

In all instances the seals performed well and at no time indicated
imoinent failure. On several occasions at high temperature the seal spit and popped
periodically over several hours during changes from one condition to another while
the seal re-adjusted to the new condition., This may have been a reaction during
the wear-in period of the faces to a new condition and would account for the minor
chipping and pitting on the carbon face.

It should be noted that the same carbon was used for tests 9 and 10 which
was the PTO design and for test ll the HPTO design was used. No difference in
general operation was noted.

MULTIPLE CYCLING TESTS
Tests 1 and 13 of Table I-1 and Figure I-6 show the results from multiple

cycling tests. These tests were conducted principally for the purpose of illustrat-
ing the ruggedness and recovery ability of the seal design proposed and to'further
determine whether or not boric acid solutions in this percentage range could
immobilize or hang-up the seal.

Figure I-6 shows the cycling history imposed on the seal. Two separate
tests were conducted using a new carbon insert of the HPTO design for each. Table I-2
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shows the number of changes and conditions as well as total hours of operation in
each condition for the entire test.

't

can be seen that Test 12 endured 20 cycles for a total continuous time
of 608 hours. After the 20th cycle the seal was leaking at 6 cc per minute but
slowing when the test was terminated.

Examination of the seal revealed that the carbon face was severely pitted
and several large chips had occurred on'he O,D. and I.D. diameter s. The cause of
the leakage was believed due to face damage rather than seal imnobilization. It is
believed the seal would have gradually horn in so that the faces would seal off
after a period of time. The Tung-Car face had a groove about 2 mils deep adjacent
to the O.D. of the carbon rubbing face.'lthough the groove was a little deeper
here than in prior tests, it was of the same general width (.020"). It is felt
the extreme cycling would represent the'ery worst conditions for grooving that
might be encountered. It is. believed that about a 2-3 mil deep groove is about
the worst that will be'ncountered and that this phenomena would not seriously effect
seal life when returned to a normal condition.

Test 13 was a repeat of Test 12 with a new carbon and re-lapped Tung-Car
seal ring. After'7 cycles and 905 hours, the test was terminated even though the
seal was operating leak-free and satisfactorily. The test proceeded similar to
test 12 in that minor leakage occurred at several times during the test, always
related to a changing condition. In all cases the leakage stopped or became nil

.after a few hours operation.

Upon tear-down, the carbon appear ed similar to that in test 12 but not as
badly pitted. The Tung-Car seal ring had a groove 2.2 mils deep.

The wear on the carbon seal faces was extensive at 22.7 mils and 50 mils
respectively but in consideration of the extensive cycling and conditions the faces
held up well and the wear was moderate.

'I

WEAR RATE AND PROJECTED SEAL LIFE
The projected seal life for the seal was determined based on the wear

that occurred to the carbon graphite stationary element. The wear nose on the
carbon is '. 125" long and its useful life is considered expended when this is:worn
away. It can be seen, however, that the seal would continue to function once the
wear nose is expended since the rotary unit would then begin to wear into the main
body of the carbon. The rate of wear dould accelerate when the body was reached
due to the wider contact area and greater heat generation. Therefore, the seal

, is considered worn out once the wear nose is expended.

The wear on the Tung-Car,seal ring face is many times less than for the
carbon and is generally disregarded'for normal conditions. In the case of high
temperature operation, such as 300'F and vapor pressure and 350'F and 450 PSIG,
the tungsten carbide elementdoes wear but again-in proportion to the highly
accelerated wear of the carbon it is still a small matter and not considered in
the projected life of the seal as shown in thi's report.

A projected seal life is not shown for the moderate cycle and rapid
cycle conditions. It is believed that the combination of extreme conditions for
such long periods of time would not occur but once and, therefore, a projected
life would not be a realistic factor.
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LEAKAGE AND INOBILIZATION
One of the major concerns with seals for this service is leakage and the

possibility of iwebilizing or hanging up the seal. Leakage in particular was
quite modest and infrequent throughout this testing. As noted before, it seemed
to occur only during a changefrom one condition to another and even then it did
not occur with each change of'he same type; it was not predictable as to which
change might produce moderate leakage. It could only be speculated, but it is
believed that when boric acid crystals build up from vapor leakage, the seal ring
tends to be held up by deposits on the sleeve adjacent to the seal faces. This
restriction of the forward movement of the seal ring begins to reduce the closing
force on the faces which eventually causes some liquid leakage through the faces.
The liquid leakage soon washes away the boric acid, which is readily dissolved,
and frees the seal ring, thereby stopping leakage.

Immobilization, which is sometimes referred to as hang-up, is related
to a deposited buildup usually emanating from between the seal rubbing faces. In
this case it may be occurring but, if so, it is also self-destructing by virtue

- of- the leakage.

Upon careful inspection of the seal area after each test, it was noticed
that the area adjacent to the seal on the sleeve and in front of the "0" ring shaft
packing was clear and free of any boric acid. The area near the outlet to the
gland was usually covered with boric acid crystals. The crystal buildup was
readily washed away with cool tap water requiring little or no mechanical scrubbing
for removal. The ease with which the boric acid crystals were washed away supports
our premise that boric acid will not immobilize the seal in any permanent fashion.

It was believed that these tests demonstrated that the seal design will
take extensive abuse and continue to seal and that boric acid crystals do not
readily immobilize the seal. The number of cycles to extreme conditions and the
intermittent liquid leakage during some cycles provided ample opportunity to destroy
the seal faces causing extensive leakage or immobilization of the shaft packing or
the movable seal ring. The seal withstood all this abuse many times over and it
was concluded that the seal will withstand the severe conditions and changes and it
should not be immobilized by boric acid crystals under any combination of conditions
that might be encountered when sealing 2.5Ã borated water. In our 1969 Report it
was speculated that liquid leakage dissolves and washes away boric acid crystals
and these tests seemed to further strenthen this hypothesis.



TABLE I-1

SUMMARY OF TEST RESULTS: 2.5X BORATED WATER

PRODUCT CONDITIONS
TEST TEMP. -PRESS.

NO. F PSIG

STEADY STATE CONDITION TESTS

NUMBER OF
CONDITION CHANGES
TEMP. PRESS.

TOTAL
TEST
TIME
HOURS LEAKAGE

TOTAL
CARBON

WEAR

MILS

AVERAGE
PROJECTED
SEAL LIFE
HOURS

1

2
3
4
5
6
7
8

150
150
150
150.
300
300
350
350

V.P.
V. P-.

250
250
V ..P.,
V.,P.
450
450

0
0
0
0
0
0
0
0

238
238
351
305

72.
70
53
92

Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil

0.45
0. 30
1. 05
1,00
2.25
2.40
1.10
2.70

79600

40400

3800,

4770

MODERATE CYCLE CONDITION TESTS

9 150/350 V.P./450
10 II II II I I

11 II II II II

MULTIPLE CYCLE CONDITION TESTS

12 150/350 V.P./450
13 II II II Il

20
27

20
27

324
348
519

608
905

Nil
Fig. I-5

Ni-l

Fig. I-6
Jl II

17.0
11.0
14.2

22.7
50.7.

I
lO
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TABLE I-2

NUMBER OF CHANGES TO VARIOUS CONDITIONS FOR MULTIPLE CYCLE TESTS 12 AND 13

TEST
NO.

12
12
12

TEST CONDITION

150'F & V.P.
300'F & V.P.
350'F & 450 PSIG

Total

NO. OF
TIMES

8
7
5

20

TOTAL HOURS AT
CONDITION

383
119
106

608 hrs.

13
13
13

150 F & V.P.
300'F & V.P.
350'F & 450 PSIG

Total

8
11
8

27

465
264
176

905 hrs.
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TEST

NO. TE MP.
Of

PRESS
P, S.I.G.

PRODUCT

COND I TI 0 NS

IOO 200 300

TEST T IME, HOURS
CARBON

WEAR

MILS

SEAL

LIfE

HOURS

TOTAL PROJECTED

I 50

l50
V. P.

V. P.

0. 45

0.3 0
7 9,600

l50

l50

250

250

I ~ 05

I-00
40,4 0,0

500

300

V. P.

V. P.

2. 25

2. 40
3,800

550

550

450

450

I. I 0

2.70
4,770

FIG. I- 4 STEADY STATE CONDITION TEST RESULTS
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l50 V P.
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FIG. I-5 MODERATE CYCLING CONDITION TEST RESULTS

TOTAL
C AR80N

WEAR .-

MILS,

I 7.0

II,O

I4.2

TOTAL'„~

LEAKAGE

C C

NIL

I 60
320
200
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O
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350
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OJ

O

O
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F I G. I -6 MULTIPLE C YCLING CONDITION TEST RESULTS



DURA SEAL MANUAL / SECTION III I PARE S

requirements, most seal manufacturers have
standardized on carbon-graphite for one seal

face. Carbon-graphite is compatible with an
extremel'y wide range of temperatures and cor-
rosive environments. Despite its attractive anti-
frictional and inert qualities, carbon-graphite
possesses a low elastic modulus. This simply

'means that it will bend or distort easily under
pressure. Although not subject to fracture from
thermal shock, carbon-graphite, is indeed fragile.

Therefore, when taking carbon-graphite's
delicate nature into consideration, Durametallic
decided that itwould perform best as a stationary
face. In the configuration of a stationary face,
the carbon can be designed with a much larger
cross-section than is possible in a seal ring there-

by increasing its resistance to distortion and
fracture from impact.

Ill.).4 OTHER FACE MATERIALS

Until now our discussion has been confined

„ to the discussion of metals and ceramics for
rotary seal rings and carbon-graphite for station-
ary inserts. It should be pointed out here that in
the mixer seal designs, Typ'es MRO/MRT(Section
II.1.2.) and Types MPO/MPT (Section II.2.2),
the roles of these materials are reversed.

Another exception that deserves mention
is the occasional practice of mating identical
materials. This is only done with extremely hard
materials; such as tungsten carbide or ceramics
where abrasives are unavoidably piesent or
unusual corrosion problems exist. Under such
circumstances, the life achieved by rotating the
same materials against each other will exceed
the life that could be achieved through the use
of more conventional face material combina-
tions.

NO. 5 CARBON

'No. 5 is Durametallic's designation for its
standard carbon-graphite material. No. 5 Carbon
possesses low porosity and has the highest elastic
modulus among those grades available to the

'mechanical seal industry. It is formed by com-

bining carbon-graphite with a phenolic resin
binder. This mixture is then sintered, causing
the binder to carbonize and leaving a residue
similar to the carbon-graphite.

Although practically chemically inert, No. 5

Carbon willbreak down in the presence of some
oxidizing agents.

CLASS-FILLED DURAFLON

Duraf Ion is another Durametallic trade
name signifying TFE resin (Teflon). The chemi-
cally inert quality of Duraf Ion speaks for itself.
Consequently this material is occasionally used

as a seal face material. Because plain DurafIon

has a tendency to "cold-flow," stability is a-

chieved through glass impregnation. Class-filled
Duraf Ion is a poor wearing material and is, there-

fore, limited to very low pressure-velocity
'atings.

NO. 6 CARBON

Also a Durametallic designation, No. 6 Car-

bon is chemically resistant to strong oxidizing
agents that attack No. 5 Carbon. Although a

premium grade of carbon-graphite, No. 6 is an

,almost binderless carbon with greater porosity
and less desirable wear characteristics than No.

5. Carbon.

Temperature limitations of Dura Seal face

materials can be found in Table III-B.
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SECTION I I I.2

SECONDARY SEAL MATERIALS

Secondary seals applied to mechanical
seals are defined more specifically as shaft pack-
ing and insert mounting. Because they are static
and are called upon to seal imperfect surfaces,
secondary seals must possess a degree of resili-
ency which will allow them to "seat" perfectly
against adjacent surfaces. The most elastic or
resilient of all secondary seals are elastomers
which Durametallic applies in the configuration
of "0" rings. However, the temperature and
chemical resistance of elastomeric materials
are often exceeded, thus requiring the use of
other less resilient materials. Because these other
materials lack the elasticity of elastomers, they
assume configurations that tend to compensate
for their limited resiliency. The purpose of this
sub-section is to discuss the three types of sec-

ondary seals offered by Durametallic.

ill.2.1 ELASTOMER "O" RINGS

It has already been pointed out that elas-
tomers, as used for secondary seals by Durame-
tallic, assume the configuration of "0" rings.
Figure III-C illustrates the application of elasto-
mer "0" rings as shaft packing and insert
mounting.

BUNA N (NITRILE) .

This material, often referred to as Nitrile,
is a copolymer of butadiene and acrylonitrile.
Buna N has an excellent resistance to petroleum
products, also finding wide acceptance in water
applications.

Buna N can be exposed to temperatures
ranging from -40'F to +225'F (-40'C to
+107 C).

Inherently Buna N Does not possess good
resistance to ozone, sunlight, or weather. There-
fore, spare Buna N "0"rings should not be stored
in direct sunlight or adjacent to electrical equip-
ment that may generate ozone.

NEOPRENE

Neoprene, correctly called Chloroprene
rubber, was among the earliest of the synthetic
rubbers available to seal manufacturers. It con-
tinues to be used for refrigerants; such as, freon
and ammonia, and other mild services. Like
Buna N, Neoprene can be subjected to tempera-
turesfrom —40 Fto+225 F( —40 Cto+107 C).

BUTYL

This is an all petroleum product produced
by copolymerizing isobutylene and isoprene.

Butyl rubber will resist the deteriorating
effects of many mild liquids, such as MEK and
acetone, but should not be used in petroleum
oils. Its temperature range is -40'F to +225'F
(-40'C to +1076C).

+'~
I

FIG. III-C "0" RING SECONDARY SEALS

SILICONE RUBBER

Silicone elastomers are made from silicone,
oxygen, hydrogen, and carbon. They usually dis-
play poor tensile strength, tear, and abrasion
resistance.

Silicone "0" rings are not recommended
for use in most petroleum fluids or ketones.
They can be successfully applied to temperatures
ranging from —80'F to +400'F (-62'C to
+204 C).'



0

0



t
~ \

Date 12/16/83

Time 10:30 AM

h*.

TELEPHONE CALL RECORD

from D. S. Kne el

To John Martin

Contract Name and Number Arizona/660856

of C-E 9452-510

of Shell Oil Co. 800-231-6950

Route: S. E. Gi lie TDM-83-290

J. S. Glazman

R. E. Hailer

G. W. Parr

Subject: Shell Turbo 68 Oil Lubrication of the In ersol-Rand HPSI Pum

Shell Turbo 68 is a turbine oi 1 which will take ion term continuous duty

service at 120 f. There is no deterioration of the oil when the um is

idle. Chan in the oi 1 ever 3 months is not necessar .

The oil can o crate at a maximum tern erature of 210-220 F for a few

da s. Six months at this tern erature would result in co lete conversion to an

as halt-like material.

After 30 da s at 180 F some of the anti-oxidant additives in the oil
'would be de leted but there would be no si nificant de radation. Subse uent

continuous o eration at 120'F for ll months will not result in an breakdown

in the lubricit of the oil.
Radiation de radation i s not a concern since an ood rade of oil includ-

in the Shell Turbo'68 can tolerate 10~ rads which is 100 times the normal

service lus accident re uirement.

Product information data sheets for this oil were requested.

Written B: D. S. Kne el
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Shelll TUt"bo Gills
Premium quality turbine and
general purpose R and 0 inhibited
circulating oils

Product description
She/I Turbo Oils are premium quality lubricating oils
designed to provide excellent lubrication of preci-
sion turbines in industrial and marine service, and in
many other industrial lubrication applications. They
are made from highly refined base oils which have
been carefully selected to provide satisfactory vis-
cosity/temperature characteristics, low foaming ten-
dencies and good water separation properties. In
addition, they contain proven additives to protect
equipment against rusting and to resist oxidation for
long service life.

Shell Turbo Oils are available in nine viscosity
grades,-ranging from 30 to 420 cSt at-40'C. Grade —*.

nomenclature conforms to the ASTM/ISO viscosity
system.

General applications
The high quality ofShe/I Turbo Oils makes them suit-
able for a wide range of lubrication applications.
These include general purpose plant lubrication,

'on-antiwearhydraulic and circulating oil systems,
and as non-E.P. gear oils.

Standards formachine tool lubrication established
by the American Society of Lubricaticn Engineers
(ASLE) include a classification for Hydraulic Fluid
and General Purpose Lubricants. Appropriate grades
of Shell Turbo Oils recommended for these stan-
dards are shown in Table 2.

The American Gear Manufacturers Association's
(AGMA) standard specification for lubrication of
industrial enclosed gear drives (AGMA250.03 dated
May 1972) includes a classification for rust and
oxidation inhibited oils forapplications which do not
require EP properties. Recommended She/I Turbo
Oil grades are shown in Table 3.

Turbine applications
She/I Turbo Oils have a long, successful record of
providing dependable turbine lubrication with trou-
ble-free performance. The turbine operator should
select the appropriate grade of She/I Turbo Oil in
accordance with the viscosity recommendation of
the manufacturer for the turbine he intends to lubri-
cate. However, forvarious kinds of turbines, general
recommendations are shown in Table 1.

Significant features of Shell Turbo Oils
Shell Turbo Oils have achieved a long record of
reliable performance because of four significant
features.

Superior oxidation stability
A laboratory test method widely used forevaluating
the oxidation stability of inhibited turbine oils is
ASTM D 943, Turbine Oil Stability Test (TOST). In
this procedure, pure oxygen is bubbled through a
mixture of turbine oil and water in the presence of
copper andiron wire catalysts at 95'C. The TOST life
is reported as the time in hours for the oil to reach an
acidity (TAN-C) of 2.0. A modification of the TOST
used by the Navy (MILTOST)'is terminated at 1000
hours, and oil condition is evaluated, especially
sludge content.

She/I Turbo Oils 32 to 100 resist oxidation so well
that they require considerably longer than 2000
hours under the severe conditions of the TOST to
reach a TAN-Cof 2.0. In the MILTOST, sludging is
held to an extremely low level, no more than 20 mg.
This high resistance to deterioration means long
service life for the oil. It minimizes deposits which
could cause malfunction of governor mechanisms
and reduced efficiency of oil coolers.



Table 1/Lubricants recommended for turbines
'

Steam turbines:
- Direct drive- ring otlecb

with water cooling
without water cooling

Direct drive- forced feed
Gear drive- forced feed

Marine Turbines:
J Allunits

Hydraulic tu*ines:
Large vertical machines
Sma)t vertical machines
Hortxontat machines

Turbine oil vlscostty
cSt at 40'C

54-75
81-113
30-38
54-75

75-113

54-75
30-38
30-38

Shell
lubricant

Turbo Oir68
Turbo Oil 100
Turbo Oil32
Turbo Oil 68

Turbo Oil 78

Turbo Oil 68
Turbo Oil 32
Turbo Oil 32

Non-corrosivlty to metals
Corrosivity toward copper and copper alloys is eval-
uated by the ASTM D130 test. In this, Shell Turbo
Oils give'a'rating of 1, representing a practically
unchanged copper strip.

The ASTM D 665 Rust Test is an industry labora-
tory procedure designed to measure the rust-pre-
venting characteristics of turbine oil in the presence
ofwater. In this test Shell Turbo Oils not only prevent
corrosion of a steel specimenin the presence of dis-
tilled water, but also in the presence of synthetic
seawater;which is intended to simulate the more
severe rusting conditions existing in marine vessels.

Contamination withwater is a frequent occurrence
in circulating oil systems, particularly in steam tur-
bines. This water in the presence of air may

cause'ust

in ~uch areas as the bearing housings and gover-
nor mechanism. Shell Turbo Oils effectively inhibit
corrosion of these critical parts, thus contributing to
increased machine life and system reliability.

Fast separation of water
The rapid separation of water from oil is of para-
mount importance in a turbine oilcirculating system
to minimize opportunity for rusting and to prevent
possible cavitation in critical areas such as sleeve
bearings.

An accepted laboratory test to measure water
separation is the ASTM D 1401 Emulsion Test, which
measures the time required for the oil and water to
separate after being mixed under prescribed condi-
tions at130eF (54'C). Shell Turbo Oils, because of
their careful refining, blending, and selection of addi-
tives, all accomplish complete separation of water fn
less than 30 minutes. By this test the oil's demufsibil-
ity is considered very good to excellent.



Table 2/Shell Turbo OIls for hydraulic
fluidand general purpose lubricants and oxidation Inhibited gear oils

ASLE
Standard

ko.
ASLE64.1
ASLE 64-2
ASLE 644
ASLE~

.;.: ASLK
Identlfylng

. No.
",'H-150

H-215
H-315
H-700

Shell
recommended

iubttcant
Shell Turbo ON 32
Shell Turbo Oil 46
Shell Turbo Oii 68
Shell Turbo Oil 150

AGMAko.
1

2
3
4
5
6

AGMA
vtacoNty range
Sus at 100'F

193-235
284-347
417-510
628-765
918-1122

1335- 1632

Equbtahmt

cStat40 C
37.1 - 45.4
55.0- 66.9
802-98.1
121 - 147

'73-212
252-306

SheN
reconl mended

lubricant
Shell Turbo Oli 46
Shell Turbo Oil 68
Shell Turbo Oil 100
Shell Turbo ON 150
Shell Turbo ON 220

.Shell Turbo ON 320

Good de-aeration properties
Intimate mixing of air and oilnot only accelerates oil
oxidation attd deterioration but also may cause dis-
tress in bearings, gears and pumps if foam is circu-
lated through the system. In turbines, this is more of
a problem with geared units than with direct drive
units. This detrimental effect may be minimized by
allowing sufficient residence time in the oil reservoir
to permit air release.

Shell Turbo Oils, except for grades 78 and 460,
contain an antifoam agent to eliminate the buildup of
stable foam.
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Shell Turbo Oil grado

Code number

ASTM
Iesl
method

32

65602

46 68

65603 65605
78'5606

100 150 220 320
65607 6560S 65609 65610

480

65611

Gravity, 'API
Color
Pour point, 'F
Flash point, C.O.C., 'F
Viscosity, cSI at 40'C
Viscosity. cSI al 100'C
Vlacoally Index
Neutralization No., TAN-C
Cu corrosion, 3 hr. a't 212'F
ftusl lest
interfacial tension, 774F, dyncs/cm
Emulsion Ical, minutes
Turbine oil stability lest. hours
Turbine oil stability lest, MILTOST, sludge, mg

D I298
D 1 500
D97
D92
D445
D445
D2270
D974
D I30
D6658
D971
D1401
D943

31
1.0
15

400
30.1
5.05
92
0.1

1

Pass
20
6

2,%0~
14

30 . 29
1.0 1.0
0 ~ 0

425 460
44.0 63.0
6.5 8.2
95 95

~ 0.1 0.1
1

Pass Pass
20 20
9 10

2.000+ 2,000+
15 18

30
0$
10

480
75.0
9.2
95
0.1

1

Pass

17

20

29
1.0
0

480
97.0
10.7
94
0.1

1

Pass
23
10

2.000+
20

27
2.0
0

475
147
14
93
02

1

Pass
25

'15

28
4.0
10

480
210.
18
93
0.2

1

Pass

17

27
5.0
10

520
X5
23
93
0.2

1

Pass

17

26
6.0
10

530
42D
28
93
0.2

1

Pass

30

'Approved under MIL-L-17331G and Amendment 1.

Shell Aepresentative

Name

Shell Oil Company Sales Ofllces

Address Telephone

Atlanta
(404) 955-4600
Fasl Coast
(301) 867-0410
Chicago
(312) 887-5500
Cleveland
(218) 842-40DD
Detroit
(313) 855-9000
Houston
(713) 526-4631

320 Interstate North Parkway
Atlanta, Georgia 30339
Suite 705, Executive Plaza Two
Hunt Valley, Maryland 21031
1415 West 22nd Street
Oak Brook, illinois 60521
7123 Pearl Road
Mlddleburg Heights, Ohio 44130
Suite 145, 31275 Northwestern Hwy.
Farmlngton Hills, Mich. 48018
2001 Kirby Drive
Houston, Texas 77019

Southern Callfomla
(714) 991-9200
San Francisco
(415) 820-7000
Northwest
(206) 453-3000
Sl. Louis
(314) 291-5700

511 N. Brookhurst Street
Anaheim, California 92803
2401 Crow Canyon Rd.
San Ramon, California 94583
400 108th Avenue N.E.
Bellevue, Washington 98004
Suite 1000, 500 Northwest Plaza
St. Ann, Missouri 63074

November 19&0
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Compression set tests have proved more reliable than
tensile tests in the selection of elastomer compounds
for use as seals in a nuclear environment

Analysis No. 14273-9452-gl78, Rev. 00
Page A19 of A22

By ROBERT BARBARIN, Parker Hannifin Corp. /Seal Group

In the early 1960s, the primary test
used in selecting elastomers for
reactor seals was a tensile test con-
ducted on unstressed slabs of the
compounds after they had been sub-
jected to irradiation. These standard
tests had the unfortunate ability to,
make compounds look very appeal-
ing to the nuclear engineer while
completely failing the primary re-
quirements of seal engineers. To-
day, a test has been developed
which promises to satisfy the

" demands of both engineers. This is a
test to determine the compression
set of seals wliich are simuitaneous-
ly squeezed (as they would be when
installed) and irradiated (as they
may be when in service) over
prolonged periods. The new data
provide criteria by which com-
pounds may be selected for long
life, normally requiring replacement
only during conservatively sched-
uled five-year reactor ovorhauls.

Typical applications for elastomeric
seals in and around nuclear reactors
include the static seals in pressur-
ized conduits containing radioactive
fluids. and the dynamic seals in
structural hydraulic snubbers.

Compression set
Compression set may..be defined as.
the percent by which a seal fails to
return to its.original dimension after
compression, expressed as a per-
cent of its deflection. This loss of
dimensional memory is due to
changes in the elastomer's arrange-
ment 'and density of molecular
cross-links. As the change in cross-
linking progresses, the seal will
gradually take on the shape of the
confining groove and relax the force
that it exerts on the confining sur-
faces.

Since this normally occurs before
tensile property changes. the tensile

tests are frequently omitted as can-
~temporary-criteria for nuclear seal
compound selection.

Of the three major types of radiation
from nuclear fission, only gamma
rays are normally consid red a
hazard to elastomer seals that are
completely enclosed in conventio- al
metal grooves. Alpha a'nd bi:ta ravs
are effectively stopped by thin meiai
barriers. 'Gamn:a rays, Itowever,
easily penetrate the typical elasto-
meric seal glands and cause cumu-

'ative changes in the compounds
(see Table 1).

All elastomers tested to date have
shown excessive compression sct at.
10'ads, yet a numoer of com-
pounds showed acceptable corn-
pression set at t02 rads oi gamma
radiation dosage.

Therefore, no elastomer krowri to-
day should be considered for

Tabt ~ 1. Effects of gamma radiation on the principal properties of elastomeric conjpouijds most often coijsidorcd
for seals in and around nuclear reactors. Compression set tests were conducted at reem temperature and 25%
deflection, for the number of days noted. while under radiation from cobalt strips in air.

Generic or
Base Polymer
(Compound
No.)

Radiation Hardness in Tensile
Dosage in Pts on Sliore Strength in
Rads "A"Scale Psi 8 Break

(Pts Chance) (oo Cljanne)

Elongation Modulus in Tear Comprassior S=t Test
in ',o Ci Psi rb 100oo Strength Days CS in,c Gf
Break Stretch in Ib/in. Cef lac. Oriainal
(~o Channi!) (',o Change) (0 Chanqe) tM Deilzctiorj

Silicone
(S455.70)

Silicone
(S604.70)

Original
107
108

Original
107
108

69
72 (+3)
85 i+16)

807 '17 668 63 93 /.6
733 (-9) 89 (-24) 63 (0) 93 31.4

93 90.5
66 'I 010 149 G95 70 93 3.8
69 l+3) 1020 (+1) 129 ("13) 833 (+25) 62 (-11) 93 20.0
Firj (+191 93q I-7) 31 (-791 29 I-59) 93 92.4

.l QPf Ethylene Ori inai 78'l+<~ Propylene W-10~ - - 78 (0)
(E51580) ~-- 108 '4 (+6)

1450 213
1220 (-16) 176 l-17)
1030 (-29) 79 (-63)

689 164 93 I G.2
740 (+7) 148 (-10) 93 46.6

71 (-57) 93 9G.2
2050- .. 233 554 I 74
2140 (+3) 194 (-17) 808 (+46) 163 (-6) 93 28.G
1700 (-181 96 (-59) 70 (-H) 93 90.5

.Ethylene.... Orininal, 70

>
gC ~ Propylene +107 73 (+3)

~

<I'E740.70) 108 79 I+9)
F luorocarbon Original 75 1510 190 634 128 93 14.7
(V747.75) 10 76j (+1) 1580 (+5) 130 (-32) 1120 (+77) 87 (-32) 93 GG.7

108 88 (+15) 1180 I-22) 29 (-85) 82 (-3G) 93 93.3
P<jlyurethane Orininai
(PG42.701 !07

I08

Uo
G7 (+1)
GG (0)

3560 582 342 30G 56 17.1
3570 (0! 491 (- I G) 444 (+30) 374 (+22) 56 55.2
14?0 (-GO) 201 (-65) 146 (-52) 56 n1.4

Fluoro. Orini<ial GU , 1050 180 5 0 72 128 ! J.3
sili<;nile 10'?! i I) GG8 (-361 97 (-4G) 128 G7.G

(I F,77 /0) IQS 84 I+ i G) 1'j8 97 I

HFHFfl rNciui:flll444 OCcCMAL li Iotl
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Combusti>on Engineering, Inc.
1000 Prospect Hill. Rd..
tLTindsor, cT 06095

Attention: Hr. c. D. B launch ard
Deyt. 9487-403

Sizb)cict:" APPP/Palo Verde Units 1,2, &3
4Xl.lCA»8 Stage HPSX Pump
CE P.Q.$ 9500088/9l/94
X-R Orders 001-36422/425/428

t:ent lemen

~ Q-PKK- K'Klg

Pursuant to our phone conversation, the subject pump will
Qpe'cate 9ucces s fully with the 300oP pump Liquid temp ercLtura
with the bearing temperature not exceeding the 180 F limit.
To determino an actual value of the bearing temperatures,
a complex heat transfer analysis must be performed since
chere are eany factors that effect the final steady state
bearing temperature. To perform this analysis we wi11 require
a P.O. for $ 3000 and. to be about 3 to 5 weeks to complete.

Please advise if you have any questions.

Sincerely Yours,

P,P,
, Pf.eld Service Engineer
Zhgineered Pump Division

PZP:kab
p1 L ~

CC I Hr a,$ '. AB,tuneS
HX o J I 'i8JQSlarinBro
Mr. l<. Schumann

ALLAOR%4hl4llt4OOHTIIIOfIITLIfOII4ThN44>POAXIn4AIOOTIIPIOOIIOITIOII444YOIIONIIIOOHTROL.
hLL COIITRACT4 AR4 4LI54KCT TO AffIIO'VALTL» Sit OfflOULOf TillCOMfANY OUOTADOII44L14JTCT To OIIAIIGCY4TIIOIITIIOTIC4.



C-E Power Systems
Combustion Engineering, inc.
1000 Prospect Hill Road
Windsor, Connecticut 06095

Tel. 203I688-1911
Telex: 99297

EW SYSTEMS'ecember
8, 1983

V-PCE-2814

Ingersoll-Rand
Engineered Pump Division
942 Hemori a 1 Pa rkway
Phillipsburg, N.J. 08865

Attention: Kurt E. Schumann

Subject: ANPP Palo Verde UNits 1, 2 8 3
CA 4XllCA - 8 Stage HPSI Pump
C-E P.O. 9500088/91/94

Gentlemen:

We are attempting to finalize an environmental qualification report for the NRC

and APS for the subject pump. To do so we need the following information from
Ingersoll-Rand: what are the temperatures of the inboard and outboard pump

bearings at steady state condition when puoqed fluid temperature is 300'F and
ambient temperature is 104'F;.... ;

Please reply by December 9, 1983.

This letter authorizes no costs.

Very truly yours,
COMBUSTION ENGINEERING, INC.

D. R. Wade

DRW/CDB:rre
F43661
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Bechtel Power Corporation
Engineers —Constructors

12400 East Imperial Highway

INorwalk, California 90650
MAILADDRESS
P.O. BOX 60860 ~ TERMINALANNEX. LOS ANGELES. CALIFORNIA80060
TELEIsHONE: 62 I3) 802 2000

B/CE-E-43422
MOC 237785
January 31, 1983

ANPP

FE8 03 'S3

Combustion Engineering, Inc.
1000 Prospect Hill Road
Windsor, Connecticut 06095 5"

)w'OON E, Apt,t

PEC,PA

AO & teO

All E

rCE

CosssRA T
Mr. Charles Perguson,
Prospect Manager

Subject: Arizona Nuclear Powe'r Prospect
Bechtel Job 10407
Environmental Qualification

~ eParameters
Pile: N.1.01 .

Attention:

SrAr,WIP

SEE, SHE~S
The enclosed qualification parameters are to be used for qualif cation of
NSSS supplied equipment for Palo Verde Nuclear Generating Station.

If you have any questions please contact us.

Very truly yours, ~ @QQ
BECHTEL POWER CORPORATION

W- G. Bingham
Pio)ect Engineering Manager
Los Angeles Power Division

WGB:BLA:kh
I

Ehclosure: FSAR Table 3E»1 "Environmental Qualification Parameters"
Amendment 5, August, 1981 (14 pages, 1 copy)

cc: E. E. Van Brunt, Jr.
G. C. Andognini
J..R. Bynum
D. B. Fasnacht
J. M. Allen
R. H. Holm
W. L. MacDonald
D. B. Amerine (Jobsite)
Above w/o enclosure

'

G. Bidwell (CE)
Above w/enclosure



,0

ondition

I Table 3E-1

ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 1 of 14)

CONTAINMENT BUILDING - ENVIRONMENTAL DESIGNATOR I (1 of 2)
I

Design Basis Accident (A) ..
(Includes 40 Year Integrate'd)

Parameter

Temperatuie
(F)

Pressure
(psig)

Normal/Abnormal
(N)

50 120

ATM. ( )

350
350
302

302-276
270-200

60
55
25

' 10

J

MSLB

370
350
302

302-270
270-200

TIME *

DURATZON ' 5

4 Min
8 Min
8 Hr

42 Hr
2 Nk.

12 Min
8 Hr

42 Hr2'k
Relative

Humi6ity
(~)

Radiation
(Rads)
(40 Year
Integrated
Dose)

Chemicals

20 - 90'8

lx10

None

Steam/Air Mixture

3.3 x $ 0 Gamma
2 x 10~ Beta (non-sprayed

enclosures)
1 x 10 Beta (all other

'areas)
o 4400 ppm Boron
o 50, ppm Hydrazine
o pH adjusted to 7.0-8.5

after 4 hours using
Trisodium phosphate

a. Structural Integrity Test. Pressure ~ 69 psig.



Table 3E-1
ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 2 of 14)

CONTAINMENT BUILDING - ENVIRONMENTAL DESIGNATOR I (2 of 2)

Condition

Parameter Normal/Abnormal

Design Basis Accident

LOCA/MSLB

Submergence None . Below Plant El.
91'ust

1,52 yG/M 650 pG/M.

Seismic 2 OBE's4

(Refer to Seismic Response
Spectra)

1 SSE

(Refer to Seismic Response
Spectra)

Dynamic Refer to Equipment Specifi-
cations for requirements

I

Refer to Equipment Specifi-
~ cations for requirements

Aging Equipment must be qualified
"for 40 'year'life'or environ-
mental parameters

Equipment must be qualified
for 40 year lifo plus DBA
for environmental parameters

h$4
U
H



Table 3E-l
ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 3 of'4)

MAIN STEAM SUPPORT STRUCTURE - ENVIRONMENTAL DESIGNATOR II (1 of')

Condition Design Basis Accident (A)''
(Includes 40 Year Integxated)

Parameter

Temperature
(F)

Pressur'e
(psig)

Relative
Humidity'%)

Normal/Abnormal
(N)

28 - 120

20 -.90X

LOCA/MSLB.

300
(above'l.

100~)

21 (above
El. 100')

Steam/Air Mixture
(above El. 100')

Time Duration

15 minutes

15 minutes

Radiation
(Rads)
(40 Year
(Integrated
Dose)

Chemicals

<10

None

10

10 (above El. lit')
None
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Condition

Table 3E»1

ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 5 of 14)

AUXILIARY.BUILDING - ENVIRONMENTAL DESIGNATOR III (1 of 2)

Design Basis Accident (A)
(Includes 40 Year Integrated)

Parameter

Temperature
(F

Pressure
(psig)

Relative
Humidity
(~)

Normal/Abnormal
(N)

50 - 104

ATM

20 - 90%

LOCA MSLB

50 - 104

ATM

20 - 90%

Aux Steam
Break

SO - 318F

1 5(b)

20 - 100%

Radiation
(Rads)
(40 Year
Integrated
Dose)

Chemicals

3.5 x 10 (accessible areas)
1.25 x 107 (Volume Control

Tank)
2.7 x 10 (Purification Ion

Exch )

None

1 x 10 (accessible areas)6

1.25 x 107 (Volume Coritrol:-:.
Tank)

2.7 x 10 (Purification
Ion Exch; )

None

8=3 a.

b.

Applicable to
qualification
Pressure is a

Class 1E electrical cable only (Class lE cable satisfies
envelope for containment)

transient effect (i.e., several seconds duration)





Table 3E-1

ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 6 of 14)

. AUXILIARYBUILDING — ENVIRONMENTAL DESIGNATOR III (2 of 2)

Condition

Parameter Normal/Abnormal .

Design Basis Accident

LOCA/MSLB

Submergence None None

Dust 1.52 jlGfM 650 11G/M .

Seismic OBEYS

(Refer to Seismic Response
Spect'ra)

1 SSE

(Refer to Seismic Response
Spectra)

Dynamic Refer to Equipment Specifi-
cations for requirements

beefer to Equipment Specifi-
cations for requirements

Aging Equipment must, be qualified
for 40 year life for environ-
mental parameters

Equipment must be qualified
for 40 year life plus DBA for
environmental parameters
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Table 3E-1
ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 7 of 14)

CONTROL BUILDING — ENVIRONMENTAL'DESIGNATOR IV (1 of 2)

Condition

Parameter

Temperature
(F)

Pressure
(psig)

Relative
Humidity
(~)

Radiation
(Rads)
(40 Year
Integrated
Dose)

Chemicals

Normal/Abnormal
(N)

Control Room 75+5
Elec. Equip. Rooms (El. 100 '

60-77
Other 40-104

ATM

Control and Elec. Equip. Rooms(El'00') 40-60%
Other 20 - 90%

~P

<10

None

Design Basis Accident (A)
(Includes 40 Year Integrated)

LOCA/MSLB

Control Room 75+5
Elec. Equip. Rooms (El. 100')

60-104
Other 40-104

ATM

Control and Elec Equip Rooms 6(E1. 100') 40-60%
Other 20 - 90%

<10

None



Table 3E-1
ENVIRONMENTAL QUALIFICATION PARAMETER (Sheet 8 of 14)
CONTROL BUILDING - ENVIRONMENTAL DESIGNATOR IV (2 of 2)

Condition

Parameter Normal/Abnormal

Design Basis Accident

( LOCA/MSLB

Submergence None None

'ust

1 52 pG/M 420 pG/M

Seismic 2 OBE's

(Refer to Seismic Response
-.'pectra)

1 SSE

(Refer to Seismic Response
Spectra)

I

Dynamic Refer to Equipment Specifi-
cations for requirements

Refer. to Equipment Specifi-
cations for requirements

Aging Equipment must be qualified.
for 40 year life for environ-
mental parameters

Equipment must be qualified
for: 40 year life plus DBA for
environmental parameters
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Table 3E-1
ENVIRONMENTAL {}UALIFICATIONPARAMETERS (Sheet 9 of 14)

DIESEL GENERATOR BUILDING - ENVIRONMENTAL DESIGNATOR V (1 of 2)
f

Condition

Parameter

,Temperature
(F)

Pressure
(psig)

Relative
Bumidity
(~) .

Radiation
(Rads)'40

Year
Integrated
Dose)

Chemicals

Normal/Abnormal
(N)

50 - 122 (D.G. Control Room)
50 -.140 (D.G. Area)

ATM

NA

<10

None

Design Basis Accident (A)
(Includes 40 Year Integrated)

LOCA/HSLB

50 - 122 (D.G. Control Room)
50 - 140 (D.G. -Area)

ATM

NA

<10 .

None

h$

U
H



Table 3E-1
I

ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 10 of 14)
DIESEL GENERATOR. - ENVIRONMENTAL DESIGNATOR V (2 of 2)

Condition

Parameter Normal/Abnormal

Design Basis Accident
*

LOCA/MSLB

Submergence
I

None None

Dust 1.52 pG/M3 (D.G Control Room)
3

61.3 pG/M (D.G. Area)
420 yG/M3 (D.G. Control Room)

3

131 mG/M (D.G. Area)

Seismic 2 OBE's

(Refer to Seismic Response
Spectra)

1 SSE

(Refer to Seismic Response
Spectra)

Dynamic Refer to Equipment Specifi-
cations for requirements

Refer to Equipment Specifi-
cationq for requirements

Aging Equipment must be qualified
. for 40 year life for environ-

s . mental parameters

Equipment must be qualified
for 40 year life plus DBA for
environmental parameters

K



Table 3E-1

ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet ll of 14)
FUEL BUILDING - ENVIRONMENTAL DESIGNATOR VI (1 of 2)

Condition

Parameter

Temperature
(F)

Pressure
(psig)

Relative
Humidity
(~) .

Radiation
(Rads)
(40 Year
Integrated
Dose)

Chemicals

Normal/Abnormal
(N)

50 — 104

ATM

20 — 90%

<10
I

None

Design Basis Accident (A)
(Includes 40 Year Integrated)

LOCA/MSLB

50 - 104

ATM .

20 -. 90%

10

None



Table 3E-1
ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 12 of 14)

FUEL BUILDING — ENVIRONMENTAL DESIGNATOR (2 of 2)

Condition

Parameter Normal/Abnormal

Design Basis Accident

LOCA/MSLB

Submergence None None

Dust lo52 pG/M 650 yG/M

Seismic 2 OBEis

(Refer to Seismic Response.
Spectra)

1 SSE

(Refer to Seismic Response
Spectra)

Dy'namic Refer to Equipment Specifi-
cations for requirements

Refer to Equipment Specifi-
cations for

requirements'ging

\

Equipment must be qualified
for 40 year life
environmental parameters

Equipment must be qualified
for 40 year life plus DBA for
environmental parameters

H



Table 3E-1
ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 13 of 14).

OUTSIDE AREAS — ENVIRONMENTAL DESIGNATOR VII (1 of 2)

Condition

Parameter

.Temperature
(r)

Pressure
(psig)

Relative
Humidity
(~)

Radiation-
(Rads)
(40 Year
Integrated
Dose)

Chemicals

Normal/Abnormal
(N)

25 - 116

ATM

13 -- 100%

<10

None

Design Basis Accident (A)
(Includes 40 Year Integrated) ~

LOCA/MSLB

25 - 116

ATM

13 - 100%

<103.

None



Table 3E-1
ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 14 of 14)

OUTSIDE AREAS — ENVIRONMENTAL DESIGNATOR VII (2 of 2)

ondition

Parameter Normal/Abnormal

Design Basis Accident

LOCA/MSLB

Submergence None None

Dust 61. 3 pG/M (Geometric Mean)
3

131 mG/M

Seismic 2 OBEYS

(Refer to Seismic Response .

Spectra)

1 SSE
I
~

'Referto Seismic Response
Spectra)

Dynamic Refer to Equipment Specifi- !

cations -for requirements
Refer to Equipment Specifi-

cations for requirements

'ging

I ~

Equipment must be qualified
for 40 year life for environ-;

. mental parameters
i

Equipment must be qualified
for 40 year life plus DBA for
environmental parameters
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Ingersoll-Rand Company
942 Memorial Parkway
Phllllpsburg, NJ 08885

6 DE 83

Combustion Engineering, Inc.
1000 Prospect Hill Rd.
Windsor, CT. 06095

Attention: Mr. T. R. Casper

Sub ject:

Gentlemen:

ANPP: P.0.9500088/89/90/91/92/93/94/95/96
Safeguard Pumps, Non-Metallic Materials
Mechanical Equipment Enviromented Qualification
4X11CA'-8, 8X20WDF,

8X23WDF'X11-8CA500X1D,8X20WDF500X25E, 8X23WDF500X4D

As requested, please find the attached list of non-metallic
materials used in these pumps.

4XllCA-8 Sta e HPSI Pum

Part No.

363B
363C
363H
363E
363D
284

429 .

I ~ i

Part Name

Gasket-Flexitallic

Gasket for End Coveroil
Trico Oiler

tl

Durametallic Seal
~ Dwg. g2D-152304, F.O.

Material (Non-Metallic)

Asbestos
tt
tt
tf

Hydroil
SAE 10 Motoroil
Glass Bottle
Rubber Gasket at Bottle

$14047-76, B/M j$78008-78009

Dura" Part jj Part Name Materials

ll
24

G
P + i~

Insert
„0-Ring

Floating Bushing
Gasket'haft Packing

$5 Carbon
EPT

tt

g5 Carbon
EPT
EPT

A'LL AGREEMENTS CONTINGENT UPON STRIKES, ACCIDENTS AND OTHER CONDITIONS BEYOND OUR CONTROL.
ALLCONTRACTS ARE SUBJECT To APPROVAL BY AN OFFICER OF THE COMPANY. OUOTATIONS SUBJECT To CHANGE wITHOUT NOTICE.



Mr. T. R. Casper
Page 2
6 DE 83

8X20WDF LPSI Pum

Part No. Part Name Material (Non-Metallic)

363A
363B
456

429

Dura Part 8

Gasket-Flexitallic Asbestos
'I I It II

0-Ring EP
0-Ring in Cyclone Separator EPT
Durametallic Seal
Dwg. $P2D-151340, F. 0. $P13800-76, B/M fP77584

Part Name Material

2
6

24
G
P

Insert
0-Ring
Floating Bushing
Gasket
Shaft Packing

8X23WDF Containment S ra

g5 Carbon
EPT
g5 Carbon
EPT
EPT

Part No. Part Name Material

363A
363B
456

429

Gasket Flexitallic Asbestos
II II

0-Ring E.P.
0-Ring in Cyclone S'eparator E.P.T.
Durametallic Seal
Dwg. )P2D-151340, P. 0. $P13800-76, B/M gj77584

Dura Part 0 Part Name Material

2
24

6
G
P

Insert
Floating Bushing
0-Ring
Gasket
Shaft Packing

fj5 Carbon
II

E.P. T.
E.P. T.
E.P.T.

If you have any questions or require any additional information,
please contact me.

Sincerely yours,

P. F. Frederick
Field Service Engineer
Engineered Pump Division

PFF:kab

cc: Mr. J. Giammarinaro



CUSTOMERS IDENTIFICATION

COMBUSTIOH ENGINEERING/WPPSS, DUKE Ec AHPP
HIGH PRESSURE SAFETY INJECTION PUMPS
CONPONENT CODE 831-15-54-4222-0

INGERSOLL-RAND IDENTIFICATION
ORDER HOS. 001-36400/02/04/07/10/13/16/19/22/25/28

~ ~ ~

CERTZFZH) ~~ ~~a DATE & F~ ~

REV. NO.

6 FE 76

21 JY 76

2Z FE 7T

7NVT8

PAGF DESCRIPTION

ORIGINAL. ISSUE

REVISED PART 252A h, 252B
ADDED PART. 252C

REVISED MATERIAL OF PAR'2 56A.
ADDED PART 465

MADE'ENERAL REVISIONS
Ta ALL PAGES

APPR . BY

CoN~'1 '8 .

4 >
cv~1j'4M

%

15 JE 79

z..
3

CHG'D. CUSTOMERS IDENTIFICATION
ADDED I.R. ORDER NOS.

..Dac ~ZZ...O<sea neo..
ADDED MAT'L..TO PART NO. 178B,
DELETED ASTERISKS FROM PART HOS.
171B h 171C Ec DELETED ORD. NO.

DELETED ORD. NO

ADDED MAT'L. TO PART NOS. 62A3,
16A4, 38A4, 27A7, 30A7E, 154A7,
216A8A, 216A8B, 122A8A, 122A8B,
80A8, 8 163A8. PART NO. 38A4 WAS
NUTS- EXTH.„ DELETED ORD. NO.

ZSZE~ l

JZ~7f

INGERSOLL-RAND COMPANY
P-L.4X11-8CA500X1
PAGE 1 OF 5

(PL9A7)
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; PART NO.
I

3A
3B
3C
6A
6B
10
11
12
31A
31B
56A
56B
56C
57A
57B
59
60A
60B
60C
61
82
BBA
BBB
109
126A
126B
135A
135B
157A
157B
158
159A
159B
160A
160B
16CC

.164
167
171A

171B

171C

178A
178B
178C

NAME CF

PARI'MPELLER-FIRST

STAGE
IMPELLER-IilEEHMEDIATESTAGE
IMPELLER-LAST STAGE
RING-CASING-SUCT.GUIDE & 1ST STG.
RING-CASING-SPECIFY STAGE
S HAFT
KEY-IMPELLER
KEY-COUPLING
RING-OIL (PLAIN BEARING)
RING-OIL (THRUST BEARING)
DIFFUSOR-FIRST STAGE
DIFFUSOR-INTERMEDIATE STAGE
DIFFUSOR-LAST STAGE
SLEEVE-1ST STG. AT SHAFT NUT
SLEEVE-1ST STG.-PUMP SIDE „
SLEEVE-BALANCING
RING-CHANNEL-INTERMEDIATESTG.
HING-CHANNEL-NEYZ TO LAST STG.
RING-CHANNEL-LAST STG.
DRUM-BALANCING
SCREH-LCCK
BUSHING-STUFF. BOX EXON.(SUCT. END)
BUSHING-STUFF. BOX EXTN.(DISCH.END)
RING-RETAINING (THRUST BHG.)
NUT-SHAFT (SUCTION END)
NUT-SHAFT (DISCHARGE END)
SLEEVE-JOURNAL (PLAIN BHG.)
SLEPlE»JOURNAL (THRUST BHG.)
FLINGER-INBOARD & OUTBOARD..(PLAIN BRG
FLINGER-INBOARD (THRUST BRG;)
COVER-END-OUTBOARD (THRUST BHG.)
HOUSING-BRG. (PLAIN BRG.)
HOUSING-BRG. (THRUST BRG.)
COVER-END-COUPLING SIDE (PLAIN BHG )
COVER-END-PUMP SIDE (PLAIN BRG.)
COVER-EliD-PUMP SIDE (THRUST BRG.)
NUT-COUPLING
SLEEVE-SPACING~DUCT.RING AT 1ST STG.
PLATE-ADAPTER-BRG. BRACKET
(SUCT. & DISCH. END)
BRACKET-BEARING ATTACHED TO BARREL
SUCTION END
BRACKET-BEARING ATTACHED TO BARREL
DISCHARGE HEAD.

'STUD-BARREL TO DISCHARGE HEAD
STUD GLAND-DISCH. & SUCT. END

STUD-SPLITTER

MATERIAL

++ASTM A296 CA 6Niif
++ASTM A296 CA 6NM
"+ASTM A296 CA 6NM
"+AZSI TYPE 416(352444 BHN)(IR2CK)

'"+AISI TYPE 416(352;.444.,BHN) (IR2CK)
++ASTM A479 TYPE 304 HF (IR788)

AISI TYPE 316 (IR 379CF)
.AISI 1018 (IR 266)
BRONZE'(I'.R. 673)
BRONZE (I.R. 673)

++ASTM A296 CFB
++ASTM A182 F304
~ASTM A296 CFB

AISI TYPE 316 (I.R. 379)
AISI TYPE 316 (I.R. 379)

""AISI TYPE 416(262-302BHN) (IR20H)
"+ASTM A296 CFB
++ASTM A296 CFB
++ASTM A296 CFB
++AISI TYPE 416(352-444EHN) (IR2K)'ISI TYPE 316 (IR 379)
>+AISZ TYPE 416(352444 BHN)(IR20K)
>+AISI TYPE 416(352-444 BHN (IR20K)

ASTM A109 (I.R. 249)
++AISI TYPE 416 (262-302BHN) (IR20H)
++AISI TYPE 416 (262-302BHN) (IR20H)

AISI C1215 (I.R. 9)
AISI C1215 (Z.R. 9)

.) ASTM A48 CL20A (I.R. 203)
ASTiif A48 CL20A (I.R. 203)

.,ASTM A48 CL25B (I-R- 202)
ASTiif A48 CL25B (I.R. 202)
ASTiM A48 CL25B (I.R. 202)

'STM A48 CL25B (I.R- 202)
ASTM A48 CL25B (I.R. 202)
ASTM A48 CL25B (Z.R. 202)
AISZ TYPE 416 (I.R. 20)

+AISI TYPE 416(262-352BHN)(IR20H)
AISI TYPE 304 (IR 407)

ASME SA240 TYPE 304

ASK SA240 TYPE 304

+APlE SA193 GR. B7
+ARK SA193 GR. BBM OR BB

AISI TYPE 304

INGERSOLL-RAND COMPANY
P.L- 4X11-BCA500X1
PAGE 3 OF 5

(PL9AB)



PART NO. NAME OF PART

204
205
211
240A
240B
241A
241B
246
252A
252B
252C
257
259A
259B
259C
264A

BEARING-BALL-'THRUST STEEL
BEARING-BALL-PLAIN STEEL

--KEY-BALANCINGDRUM- .-" . --, . - AISI TYPE 316 (IR 379CF)
NUT-LCCK (PLAIN BRG.) .

' *

- ': ~:STEEL
NUT-LCCK (THRUST BRG.),,: . '- STEEL
WAKER-LCCK (PLAIN BRG.) STEEL

AMER-LCCK (THRUST BRG.) STEEL
WASHER-PLAIN (DISCH.HEAD TO BARREL) '. AISI TYPE.416 (IR20)
RING-SPLIT (IMPELLER) FIRST STAGE AISI TYPE 316 (IR 379)
RING-SPLIT (IMPELLER) SPECIFY STAGE AISI TYPE 316 (IR 379)
RING-SPLIT (BALANCING DRUM) AISI TYPE 316 (IR 379)
SHIMS (THRUST BRG.) IF REQUIRED . STEEL (IR 249)
SCREW-SET (FLINGER) ASTM A574 (I.R. 318)

-MREW-SET'(JOURNAL SLExiE) - ASTM A574 (I.R. 318)
SCREW-SET (SHAFT SLEEVE NUT) AISI TYPE 316 (IR 379)
EXTENSION-STUFFING BOX SUCT..END "

«APSE SA182 F304

284
291A
291B

GASKET-END COVERS HYDROIL
KEY-SLEEVE AISI TYPE 316 (IR 379CF)'*"
KEY-SPACING SLEEVE AISI TYPE 316 (IR 379CF)

~ - WASHER-RETAINING (SPLIT RING AT IMPELLER)AISI TYPE 316 (IR 379)299A

264B EXTENSION-STUFFING BOX DISCH. END «ASME SA182 F304
269 RING-SUCTION ««ASTM A296 CF8
271 -' PIPE-BALANCE . «ASME SA312.TYPE 304,304L OR 316

299B
3COA

:. 300B
316A

.-.316B
332
341
357A
357B
359
361

'363B
363C

363D
363E
363H
366A
366B
429
429A
453
454
465
35A2A
35A2B

WASHER-RETAINING (SPLIT RING AT BAL.DRUM)AISI TYPE 316 (IR 379)
SPACER-GASKET-EXPAN. COMPENSATOR AISI TYPE 300 SERIES (IR 669)

.SPACER-GASKET-EXPAN. COMPENSATOR . : AISI TYPE 300 SERIES (IR 669)
"PIN BLOCK-FABRICATED TO BARREL ~ --«ASME SA240 TYPE 304
KEY BLOCK-FABRICATED TO BARREL «ARK SA240 TYPE 304

':PUMP FEET-FABRICATED TO BARREL
' "

- «ARK SA240 TYPE 304
SPRING-THRUST BEARING STEEL (IR 223)
BUSHING-SUCTION RING .««AISI iYPE 416(352444BHN)(IR20K)
BUSHING-CHANNEL RING ««AISI TYPE 416(352-'444EHN) (IR20K)
BARREL «ASME SA182 F304

.-HEAD-'ISCH. '. «APlE SA182 F304
~ GASKET-BETWEEN BARREL & DISCH. HEAD 'ISI TYPE 300 SERIES (I.R. 669)

GASKET-BETWEEN DISCH.HD.& BAL SLV. AISI TYPE 300 SERIES (I.R. 669)
STUFF. BOX EXT. & DISCH. HD.
GASKET-EXPAN. COMPENSATOR AISI TYPE 300 SERIES (I.R. 669)
GASKET-BE'TWEEN CHANNEL RING & BARREL AISI TYPE 300 SERIES (I.R. 669)
GASKET-BETWEEN EXTN.& BARREL (SUCi.END) AISI TYPE '.00 SERIES (I.R. 669)
GUIDE-SUCTION-1ST STAGE ««ASTM A296 CF8
GUIDE-SUCTION-2ND STAGE ~ASTM A296 CF8
MECH.SEAL (SUCT. & DISCH.END) REFER TO SEAL DETAIL
GLAND MECH. SEAL «ASME SA240 TYPE 316L
NOZZLE-DISCH.-FABRICATED TO BARREL «ASME SA182 F304
NOZZLE-SUCT.-FABRICATED TO BARREL «ASME SA351 CF8
SPLITTER FOR SUCTION NOZZLE ASTM A296 CF8
CAPSCREWS-END COVER (PLAIN & THRUST BRG.)ASTM A307 GR. B (I.R. 175)
CAPSCREWS-HOUSING (PLAIN & THRUST BRG.) ASTM A"-07 GR. B (I.R. 175)

INGERSOL'..-PMD CCMPAllY
P.L. 4X11-8CA500X1
PAGE 4 OF 5
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PART NO. NAME CF PART

119A2A CAPSCREWS EXTENSION-DISCH. END «ASK SA193 GR.K (PLATED
PER FED. SPEC. NO QQ-N-290A)

119A2B .CAPSCREWS EXTENSION-SUCT.. END «ASME SA193 GR.B7 (PLATED
PER FED.SPEC. NO.QQ-N-290A)

119A2C CAPSCRENS-BAL'ANCING SLEEVE AISI TYPE 316 (IR 379)
1 '19A2D CAPSCREWS-SUCTION GUIDE AISI TYPE 316 (IR 379)

-119A2E CAPSCREW-ADAPTER LATE(PLAIN h THRUST BRG)ASTM A307 GR.B (I.R. 318)
62A3 STUDS -BAL LDE «ASME SA193 GR. B8M OR B8
16A4 NUTS -BAL. LINE «ASME SA194 GR. 8 OR 8M
38A4 NUTS-GLAND «ASME SA194 GR. 8 OR 8M
46A4A NUTS -DISCH. HEAD «ARK SA194 GR.2H
14A5A WASHER-LCCK-EXTENSION AISI TYPE 316 (IR 379)
14A5B WASHER-LCCK-BALANCING SLEEVE AISI TYPE 316 (IR 379)
14A5C -WAKER-LOCK-COVER -.STEEL (IR 267)
19A5 CLIPS-LCCKING 'AISI'TYPE 316 (IR 379)
27A7 PIPE-'DRAIN'ND SEAL FLUSH «ASME SA 312 TYPE 304,304L, OR 316
30A7A PLUG-END COVER (THRUST BEARING) STEEL
30A7B PLUG-DRAIN (PLAIN h THRUST BRG.) STEEL
30A7C PLUG -(PLAIN h THRUST BRG.) 'STEEL.
30A7D PLUG-DRAIN-BEARING BRACKETS STEEL
-30A7E PLLG-EXTENSION 8 GLAND «ASME SA182 F304,304L OR 316
~ 154A7 CAP-PIPE DRAIN «ASK SA182 F304,304L OR 316
216A8A ELBOW -BAL. -PIPE,; * ..'" . "... "«AGEE SA182 F304L,304 OR 316
216A8B ELBOW-DRAIN ' " ."'...„. «ASME SA182 F304L,304 OR 316
122A8A FLANGE -BAL PIPE .: .. «ASME SA182 F304,304L, OR 316
3 22A8B,FLANGE-BALANCE PIPE «ASME 'SA182 F316,304L, OR 304
76A11 GAScKT-FLANGE-BALA'tCE PIPE 'AISI TYPE 300 SERIES (IR 669)
80A8 FLANGE-SEAL FLUSH «ASME SA182 F304,304L OR 316
163A8 FLANGE-SEAL..FLUSH ".': «APlE SA182 F304,304L OR 316

r"r
~ ' 'I ~

"THESE ARE PRESSURE EOUNDRY PARTS OR ATTACHEMENTS TO PRESSURE BOUNDARY PARTS-'.=-'--

AND THEY WILL CONFORM TO THE REQUIREMENTS OF ASME B%V CODE, 1974 EDITION,
SECTION III, DIVISION I, SUMMER OF 1974 ADDENDA..

«"THESE NON-PRESSURE BOUNDARY PARTS WILL BE CERTIFIED BY CERTIFICATE CF
CONFORMANCE TO 'IHE APPLICABLE AS'IM OR AISI MATERIAL SPEC.

C

NOTE: THE ASTM AND AISI MATERIAL SPECS. FOR THOSE PARTS NOT COVERED BY
THE ABOVE FOOTNOTES ARE REFERENCED FOR CHEMICAL AND PHYSICAL
INFORMATICN ONLY.

INGERSOLL-RAND CCMPAi'K

P.L. 4X11-8CA500X1
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''": PROJECT" 769
1 ~

CORPORATI N ''':" 'P. 0 10407 13 JM 691

Hodel Number" "~"'"'":. "P;.'0; 'Item ";:-.'-
7

Tag Number

PAR uo. PJA IA
7 -001 1 JEWA-PSV-61

1 JEWB-PSV-62
~ e ARP Sio$ '-lX,

ARt'-568.230
ARP-54 8-17

~ 4

76Q-
PAer so.

5 illCori.
ll

002
Ma~a

13
"17
21
45
46
49
50
53
54

25
26

2 JEWA-PSV-61
2 JEWB-PSV-62
3 JEWA-PSV-61
3 JEWB-PSV-62
1 JEWA-PSV-47
1 JEWB-P SV-
2 JEWA-PSV-47
2 JEWB-PSV-48
3 JEWA-PSV-47
3 JEWS-PSV-48

1 JEWA-PSV-103
1 JEWB-PSV-104

I
t"I' ~E

g

ARP5|o8" <lk
ARP568-HII

P~W;0)0 I

27
28

2 JEWA-PSV-103
2 JEWB-PSV-104

29: ...........„',....3 ..JEWA-PSV-1 03
30 3 JEWB-PSV-1 04

76Q-003
Mamas
SilICoa

32
33
34

36

1 JEWA-PSV-105
1 JEWB-PSV-106
2 JEWA-PSV-105
2 JEWB-PSV-106
3 JEWA-PSV-105
3 JEWB-PSV-106

76
A bib.

004
Alit'

SibeoN
LL

44
47
48
51
52

1 JECA-PSV-75
1 JECB-PSV-76
2 JECA-PSV-75
2 JECB-PSV-76
3 JECA-PSV-75
3 JECA-PSV-76

Table 3 continued on Paae 17
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~ 7
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104
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07
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124
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2-JECA-PSV-97
2-JECB-PSV-98
2-JECA-PSV-99
2-JECB-PSV-100
2-JECA-PSV-10
2-JECB-PSV-.102
2-JECA-PSV-103
2-JECB-PSV-104
2-JECA-PSV-105
2-JECB-PSV- 06
2-JECA-PSV- 07
2-JECB-PSV-108
2-JECB-PSV-109
3-JECA-PSV-95

-JECB-PSV-96
3-JECA-PSV-97
3-JECB-PSV-98
3-JECA-PSV-99
3-JECB-PSV-100
3-JECA-PSV-101
3-JECB-PSV-102
3-JECA-PSV-103
3-JECB-PSV-3.04
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3-JECA-PSV-107
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76Q-007
P'. 2012,

Co- 2,RXS
Oa.;MD

SikICO<ll'-JECA-PS V-117127 =: ':'-
'142 2~CA-PSV-117

."„-"..:.„" '157.'-»: I'-;-'-':. I .:-..".3JECA-PSV-117
;76Q-008
SANE AS 7|'.Q-007

.7(,'7'I
I

'-':.'-'" 129: .:. <';::~" .:. ' 1-JSGA-PSV-312
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(.7 r 7 '46'I( '"...' .: "

„'- ~ 2MSGA PSV 319
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~ 7
E

'150
159
161
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(2MSGB-PSV-325 '.
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3MSGA-PSV-312
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0 3g-$ 0S
+40

00 2%2
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lt
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Pg,)ANldc

76Q~9
RT HO. Atoll'IAI . 130' (.
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~ 160
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1~SGB-PSV-302
2MSGA-PSV-309
2MSGA-PSV-316
2-JSGB-PSV-322
2JSGB-PSV-302
3-JSGA-PSV-309
3MSGA-PSV-316

r ~.".'28'.'I;"r,'"'.',".''": "''. '1&SGA PSV 309

76Q-010
PART hl0'R AI-

162
164

- 138
(139

'-JSGB-PSV-322
3MSGB-PSV-302
lMSGB-PCV-303
1MSGA-PCV-310

3N'-5ir"
0-2007

00-7l32.
300.2030
00.20ll

301~<
$970-1

Si/lC4I$'"
ll
ll
11

II
ll

PN.y anile.

141
153
154
155
156
168
169

1-JSGB-PCV-323
2JSGB-PCV-303 „

2MSGA-PCV-310
2-JSGA-PCV-317
2-JSGB-PCV-323
3MSGB-PCV-303
3-JSGA-PCV-310

-'.""(rr-,-.:.I 'I'~".~"~'140 ""..-0.".'.+~".I w77(W:7,';.3.USGA-PCV..317('7,

h

76Q-Oll
gAwp A,s76< o 7

170
171
136
137
151
166
167
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3 USGA-PCV-3 17
3-JSGB-PCV-323
1~CA-PSV-121
1-JECB-PSV-120
2-JECA-PSV-121
3-JECA-PSV-121

ECB PSV 1

2-JECB-PSV-120
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pjjYp".. Tag Number -.

$40.

~ J

76Q-001
lX.L RKH-'8-l

OKSlew TG~ P: 2OOF

76Q-002
ZM gZO-S-1
QKS16 N T~P.'SOF

lZS tI F 5
lXS IDS 9
ZSFm 13

1XS F 17
1 at=lax 21

1F lllF 45
lSlF 11F: 46
ISlF IlF 49
151 l F
SF llF 53
SlF lllF 54

5f OSF 25
l SF F 26~ M'F 27

28
29lZS F la5F
30

1 JEWA-PSV-61
JEWB-PSV-62

2 JEWA-PSV-61
2 JEWB-PSV-62
3 JEWA-PSV-61
3 JEWB-PSV-62
1 JEWA-PSV-47
1 JEWB-PSV-
2 JEWA-PSV-47
2 JEWB-PSV-48
3 JEWA-PSV-47
3 JEWB-PSV-48

JEWA-psv-lp3
1 JEWB-PSV-lp4
2 JEWA-PSV-lp3
2 JEWB-PSV-104

... 3 .JEWA-PSV-3.03
3 J'EWB-PSV-104

76Q-003
g" yves-s-]

DM16l4 TEMP'- 156F

76Q-004
l'Izs 1'Iz. Res-5-1
DES'LCrl4 TE,MF" $4~

25F 105K 32
IX'S@ 33

l~ oP 35
12$F I&i= 36

43p'4
S7F 47

7F Sl
52

1 JEWA-PSV-105
1 JEWB-PSV-106
2 JEWA-PSV-lp5
2 JEWB-PSV-106
3 JEWA-PSV-105
3 JEWB-Psv-106

1 JECA-PSV-75
1 JECB-PSV-76
2 JECA-PSV-75
2 JECB-PSV-76
3 JECA-PSV-7S
3 JECA-PSV-76
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'-:.769-005
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gF 57
58

F. '59
>ZZ '60 .

2tF " 61
62

lQ|oF 63

66
67

F 69

l2, F 71
ZZ. 72
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F 73
fZ - 74

Z2. 76
2 F'7
121 = 78

80

'-JSPA-PSV-'137 "

1-JSPA-PSV- 39
.1-JSPA-PSV- 4
1-JSPA-PSV-,1

:, 1-JSPB-PSV-.138...:.
.:. 1-'JSPB-PSV-14 0'~ "

-JSPB-PSV-14
-JSPB-PSU-1 4

''2-JSPA-PSU-1
2-JSPA-PSU-13
2-J SPA-PSV-14 1
2-JSPA-PSV-14 3
2-JSPB-PSV- '

2-J SPB-PS V-14 0
2-JSPB-PSV-142
2-JSPB-PSV-144
3-JSPA-PSV-137
3-JSPA-PSV-139
3-JSPA-PSV-141
3-JSPA-PSV-143
3-JSPB-PSV-138
3-JSPB-PSV-140
3-JSPB-PSV-14 2
3-JSPB-PSV-144

.-...."7 6Q-.0 0 6 „.:
ij>"ceo-~-~
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81'--'-"'~p'.~'6.F'5
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'-JECB-PSU-96

1-JECA-PSU- 97
—JECB-PSV- 9 8
-JE -PSV- 99

1 -JECB -P SV-1 0 0
1-JECA-PSV-101
-JECB-PSV-102

1-JECA-PSV-103
1-JECB-PSV-104
1-JECA-PSV-1 0 5
1-JECB-PSU-106
1-JECA-PSV-1 07
1-JECB-PSU-1 08
1-JECB-PSV-109
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Item Tag Number

'2-JECA-PSV-'95 ':
2-JECB-PSV-96
2-JECA-PSV-97
2-JECB-PSV-98
2-JECA-PSV-99
2~ECB-PSV-100
2-JECA-PSV-10
2-JECB-PSV-102
2-JECA-PSV-103
2-JECB-PSV-104
2-JECA-PSV-105
2-JECB-PSV- 06
2-JECA-PSV- 07
2-JECB-PSV-108
2-JECB-PSV-109
3-JECA-PSV-95
3-JECB-PSV-96
3-JECA-PSV-97
3-JECB-PSV-98
3-JECA-PSV-99
3-JECB-PSV-100
3-JECA-PSV-101
3-JECB-PSV-102

1 3-JECA-PSV-103
3-JECB-PSV-104
3-JECA-PSV-105
3-JECB-PSV-106
3-JECA-PSV-10
3-JECB-PSV-108
3-JECB-PSV-109
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Pcwl &:TH~p: 3NF
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MODEL NUMBER
76Q«007
1",Il-lXI-I-l;lX I

rvtcs'l PO~-
127
142
157 '-.;.';.;

~ TAG NUMBER': ' 1~CA-PSV-117
2~CA-PSV-117

~ "3~CA-PSV-117

'\

.: <Xt

~I

~ ~ ~

DePI4b ~BOC<'. :76Q-008
Bl-lXi.-l-l.-IA l

" "129
131

F-..:::.::"133..:.~ -;-; ',:.

135 Q'g I'I 'E ~

144 ~

.146;;....
148,.'-'. "

150
'59

161
163

' 1MSGA-PSV-312
"lMSGA-PSV-319

~
'." '. ~ ~ 1-JSGB gSV-325

.1MSGB-PSV-305
~ ''2-JSGA-PSV-312

'~,.', . 2MSGA-PSV-319
'" ~2MSGB-PSV-325

'2MSGB-PSV-'305
3MSGA-PSV-312
3MSGA-PSV-319
3MSGB -PSV-325

.~K-'.u Te4~ 3@F
(

OESIGH TFWp QMF 76Q-010
'7MIO-Z,

165 .

128 I "r"':"
'30

132
134
143
145
147
149
158 ~

~ 160
162
164
138
139
3A0.~..~~r iI~'..
141
153
154
155
156
168
169
170

3~SGB-PSV-305
'r"...r . "1-JSGA-PSV-309

1~SGA-PSV-3 16
1~SGB-PSV-322
1~SGB-PSV-302
'2~SGA-PSV-309
2MSGA-PSV-316
2-JSGB-PSV-322
2MSGB-PSV-302
3MSGA-PSV-309
3-JSGA-PSV-316
3-JSGB-PSV-322
3~SGB-PSV-302
lMSGB-PCV-303
1MSGA-PCV-310

<6'M'~;-1 USGA-.PCV.-:3176
1MSGB-PCV-323
2MSGB-PCV-303
2MSGA-PCV-310
2MSGA-PCV-317
2-JSGB-PCV-323
3-JSGB-PCV-303
3-JSGA-PCV-310
3 USGA-PCV-317
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76Q-011
@i(-lxl-I-I-lXl

171
136
137
151
166
167

152

3-JSGB-PCV-323
1~CA-PSV-121
1-JECB-PSV-120
2-JECA-PSV-121
3-JECA-PSV-121
3MECB-PSV-120
2-JECB-PSV-120
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1.0 SCOPE

Target Rock Test Report Number 2375, Revision D, (Ref. 3.6, App. i)

is a Qualification Test Report which was run as a type test

program for Target Rock Solenoid Operated Valves to demonstrate

compliance with IEEE 323-1974 (Ref. 3.3), IEEE 344-1975 (Ref. 3.5)

and ZEEE 382-1972, (Ref. 3.4) standards. As called out, and

included in the report, the test was run according to Target

Rock Test Procedure 2192, Revision B (Ref. 3.6.1) on test valve

configuration 77CC-001 (modified to SK 4017) and served to

qualify Target Rock Solenoid Operated Valve Model No. 77CC-001.

The purpose of this report is to demonstrate by analysis and

by comparison between the test valve and valve model numbers

76Q-001 thru -011 and between the applicable environmental

parameters that non-metallic parts used in 76Q valves are

qualified as an extension of the 77CC-001 qualification test.

<0 I

TEST RESULTS: 77CC-001 TEST VALVE, TARGET ROCK TEST REPORT NO. 2375

The 77CC-001 (modified per SK 4017) test valve was found to perform

satisfactorily before, during and after a full qualifichtion test

program, and to be well designed for operation under all environ-

mental exposures. Basic valve hardware was found satisfactory for

a full 40 years of normal operation, plus 1 year of post LOCA

operation. Silicone rubber o-ring seals were found suitable

for ten (10) years operation. Target Rock recommends o-ring

replacement afte - five (5) years operation.

TltCNO 04 (3/If)
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2.0 CONCLUSIONS 6 CERTIFZCATION

Based on the analyses presented in this report, it has been.

demonstrated that the environmental parameters used in Target

Rock Qualification Test Report 2375, Revision D, envelope the

required environmental parameters for the 76Q-001 thru -011

vacuum relief valves, pressure regulator and relief valves,

called out in Bechtel Power Corporation Purchase Order

N10407-13-JM-691.

The test valve and the 76Q valve assembly aging sensitive
I.,mateiials have a'iso been compared"and the type test'ualification

program, as reported in Report Number 2375 has been extended

to qualify the 76Q valves.

2.1 CERTIFICATION

Target Rock Corporation hereby certifies that the compliance

report IEEE 323-1974, IEE 344-1975, and IFEE 382-1972 standards

presented in Target Rock Qualification Test Report No. 2375,

Revision B, also demonstrates qualification of 76Q-001 thru -Oll.

The applicable valve tag numbers are given in Table 3.

3.0 REFERENCED DOCUMENTS

3.1 Bechtel Power Corporation P.O. No. 10407-13-JM-691.

3.2 Bechtel Power Corporation Specification No. 13-JM-691. "Specification
I

for Palo Verde Nuclear Generating Station, Units No. 1,2 and 3,

gO I

Arizona Public Service Company."
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3.3 ZEEE Standard 323-1974: "ZEEE Standard for Qualifying Class ZE

Equipment for Nuclear Power Generating Stations."

3.4 ZEEE Standard 382-1972:"IEEE Trial Use Guide for Type Test

of Class I Electrical Valve Operators for Nuclear Power

Generating Stations."

3.5 ZEEE Standard 344-1975: "Guide for Seismic Qualification of

Class IE Electrical Equipment for Nuclear Power Generating

Stations."

3.6 Target Rock Report No. 2375, Revision D "Qualification Test

Report: Aging, Seismic and Accident Silumation Test o Target

Rock Corporation l" Solenoid Valve, Model 77CC-001 (modified

per SK 4017) per requirements of IEEE 323-1974, IEEE 344-1975 and

IEEE 382-1972 Standards." (App. I). The following documents

are included in Report Number 2375, (3.6 above):

3. 6. 1 APPENDIX F

Target Rock Report No. 2192, Revision B - "Qualification Test

Procedure; Aging, Seismic and Accident Simulation Tests, 1"

Solenoid Operated Globe Valve, N.C. (Energize to Open), TRC

Model 77CC-001, modified to drawing number SK-4017.
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3.6.2 APPENDIX H

Target Rock. Drawing Number S( 4017, Revision None — Engineering

Test Valve.

3.6.3 APPENDIX I

Target Rock Drawing No. 77CC-001, Revision A — 1" Solenoid

Operated Globe Valve, ANSI 2500 lb., socket weld, project

control drawing.

3. 6.4 APPENDIX J

Target Rock Drawing No. 1 SMH-S-l, Revision B - 1" S.W. Solenoid

Operated Globe Valve Assembly, "Y" Pattern, Normally Closed.

3.7 EPRI NP-2129 "Radiation Effects on Organic Materials in

Nuclear Plants," November 1981.

3.8 EPRI NP-1558 "A Review of Equipment Aging Theory and Technology",

September 1980.

4.0 NON-METALLIC COMPONENTS

Non-metallic components of the 76Q valve assemblies is listed in

Table l.

4.1 UALIFICATION OF NON-METALLIC COMPONENTS

ThEHO O4 (3/02)

The silicone "ubber o-rings are the parts considered least resistant

to aging among the 7GQ non-metallic components. Silicone rubber

o-rings were part of the 77CC-001 test valve, and were qualified

for conditions not surpassing the severity of the 77CC-001

test conditions. Section 4.2 of this report will compare 76Q

'v mr ital conditions and 77CC-001 test conditions to show
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4.2.1

4 2 " COMPARISON OF ENVIRONMENTAL PARAMETERS

76 ENVIRONMENTAL PARAMETERS

The most severe environmental parameters for the 76Q valve

assemblies are given in Paragraph 4.3.7.5 of the 76Q Design

Specification No. 13-JM-691. These environmental parameters

. are listed below:

~ - . Temperature:

Pressure:

See Figure 1

See Figure 2

Relative Humidity: 30% average, 100% max.

Radiation: 1.0xl06 Rads. This is the integrated 40
year exposure combined with the accident
dosee

4.2.2 COMPARISON BETWEEN THE ENVIRONMENTAL PARAMETERS FOR THE 77CC-001
TEST VALVE AND THE 76 VALVE ASSEMBLIES

The environmental parameters for the 77CC-001 test valve are

given in Target Rock Procedure 2192 (Ref. 3.6.1). The 77CC-001

LOCA temperature and pressure profiles are presented in

Figure 1, which also shows the 76Q temperature and pressure

profiles. A comparison between the environmental parameters for

the 77CC-001 Test Valve and the specified environmental parameters

for the 76Q valve assemblies is presented as 'follows.

Ti E N 0 IOI (3/ ~ 2)
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4.2.3 TEMPERATURE

4.2.3.1 TEMPERATURE FOR 40 YEAR NORMAL CONDITIONS

The normal environmental temperature for the,76Q valves ranges

from 50'F to 120'F. The 77CC test temperature was 350'F

(including margin) and the duration of the test was 33 days

(Ref. 3.7.1). Solution of the Arrhenius equation indicates
e

that running the test for 33 days at 350'F is equivalent to a

40 year life at a normal average temperature of 108'F and a

4.2.3.2

maximum environmental temperature of greater than 140 F.
I=

TEMPERATURE FOR LOCA CONDITION. I C'>Q I

The 76Q LOCA temperature profile, shown in comparison with the
I '5c =)~i l3

I)r'7CC-001test profile in Figure 1, has a maximum temperature

of 300'F which occurs within the first 15 minutes. The 'p= (40F
77CC-D01 temperature profile envelopes the 76Q profile from [,tie gPPll

after approximately 10 seconds to over the 10 second mark. 5P, 70 Q
The 10 seconds which are not enveloped are clearly negligible

in comparison to the margin maintained for over 10 seconds.

4.2.4 PRESSURE

The 76Q specified 40 year normal pressure is atmospheric pressure.

The 77CC temperature/humidity exposure test which was designed to

simulate 40 year normal life conditions was also run at atmospheric

pressure. For the LOCA and post LOCA accident load test (see Fig. 2),

the test pressure varied from 66 psig for 8 hours to ll psig after

14 days. The 76Q specification calls for a maximum of 21 psig for

TiltHO l04 {3/~ 0)

15 minutes. The 77CC-001 test is the more severe, thus qualifying
the 76Q valves.
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RADIATION (GAMMA)

The Model"77CC-001 valve was exposed to 22.7M rads as an aging
'i

dosage and an additional 112.6M rads during the accident for a

total dosage of 1.353 x 10 rads, after which the valve functioned

normally. This dosage was in excess of any requirements imposed

prior to the date of the test.

J

The specified radiation for the 76Q valve .asse'mblies is p.'..:

X.0 x 1'OE rads, which is the integrated 40 year exposure combined

with accident. This allows the qualification of the 77CC-001

valve to be extended to the 76Q valve assemblies.

4.2.6 RELATIVE HUMIDITY

For the 76Q project, the maximum specified relative humidity is

100%, with an average relative humidity of 30%. The 77CC-001

valve experienced exposure to 100% relative humidity durin'g the

LOCA and post LOCA tests detailed in TR Report No. 2375. The

relative humidity for the 77CC-001 simulated 40 year life test

was nominally'5%.'he actual value is difficult t'o measure "

under actual test condition and was probably close to 100%, relative

humidity; as evidenced by condensation on the test chamber

double-pane window.

el
7lt CM 0 l04 D/It)
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: 4.2.7 SEISMIC UALIFICIITION

The 76Q valve assemblies were seismically qualified by analysis in

TR Reports 2161 and 2805. Furthermore, 76Q-003 and 76Q-004 was

seismically tested in accordance with TRP 1965.

TNcN0 N1I$/It)



P
P

PREPAREO BY '., TARGET..ROCK CORPORATION paoE 13 op 19
EAST FARMINGDALE , LONG ISLAND, N. Y. REPORT 3580 A

APPAOYBO BY 76Q
PROJECT'

B

~ ~ -"::428 ADDITIONAL INFORMATION ~

The 77CC-001 'test valve underwent full production testing

~ I

4.3

(except for hydrostatic testing which was only performed
I

once at 'tht time of initial production testing), between

the various parts of the 77CC-001 test program. The test
,I

I

valve was subjected to cyclic aging, pressure loadings,

and nozzle bending 'loads during the course of testing.

COMPARISON OF NON-METALI/IC MATERIALS

4.3.1 ASBESTOS

Valve type 651 lxl-2-1 utilizes a gasket P(P/N 102532-1) to'
'BP P

seal betweenthe ring locking sere~ and the valve body. The,

gasket contains asbestos as a filler material. Since the

gasket is a metal-to-metal seal, with the asbestos acting

as a back up while the press fit is formed, the asbestos will
be considered exempt from aging analysis, as it is only effective

during assembly.

4.3.2 POLYIMIDE:': .,:,:

Part, number 102378-1, is a polyimide sliding seal. From EPRI

~O I

NP-15582 "A Review of Equipment Aging Theory and Technology",

(see Table 2) it is found that the Relative Radiation Rsistance

of Polyimide is over 10 rads for the "incipient to mild

damage" region. Furthermore, the activation energy for polyimide

("1.57) is higher than for silicone rubber ( .61). Since

silicone rubber was demonstrated to endure satisfactorily in

TRC 2375 for sealing, polyimide should endure equally or better

TRKNO 04 ts/O2)
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in these applications.
r

TABLE 2
EADIATIOH THHEHHOLDH

t

'rrr
I tl

7

I

I I
r r

MATERXAL RADIATION THRESHOLD SOURCE
Silicone Rubber

Polyimide

Polyamide-imide

1 x.10

1 x 10

1 x 10

~ I

ZPRX HP-.+58
Se tember.1980
EPRI HP-2129
November '1981
Machine Design,,",-
No..6, 1981

~ ~

' l 'r ~ r ~ ~

'4.3.3 POLYAMXDE-IMIDE

I

parts number 1027.28-2 E 203243-1 are polyamide-..imide disc. inserts. since
(

. Since no information is available about the activation energy of
~ ~ ~ '

this material the acti.vation energy of the dominating componenDt

(polyimide) is assumed to be applicable. This material was /r

analyzed in Section 4.3.2.

5. 0 ~ METALLIC COMPONENTS

The metallic components and valve bodies of the 76@ valves

were designed for 40 year service. Wall thicknesses were

Ar . '., ~ t.tdesigned'such that"maximum project'ed stresses'.wouM cfog"cause'%4
'"'-'l;;-".;i.'ermanent

deformation, and fatigue would be'egligible. Safety

margins allowed for any possible corrosion. Aging, is, therefore,

not expected to have any significant effect upon the metallic

components of the 76Q valves.

Ta C a O - Oi (3le T]

It rt Or lrrrls I ' .." W&tlrJII UCH lttr
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i
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IL=*''
'he

cIuaMfied life of the 76Q valves is 40 years, providing

the non-metallic parts are changed-every five .(5) years of
r

t
service or ten (10) years of storage,.with the. combination

of service time and storage time not to exceed 10
years.'ubber

o-rings are recommended to be replaced'after disassembly

of contacting parts.
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CUSTOMER ;BECHTEL POWER
'l ~

:" PROJECT"760

CORPORATION ''~...„..P. 0 10407 13 JM 6'9l

"Hodel Number" ",«!'' -'"'.-. "P;.'O.'Xtem ."..-'. '- Tag Number

760-'001

13
17
21
45
46
49
50
53
54

1 JEWA-PSV-61
1 JEWB PSV-62
2 JEWA-PSV-61
2 JEWB-PSV-62
3 JEWA-PSV-61
3 JEW3-PSV-62
1 JENA-PSV-47
1 JEWB-PSV-
2 JEWA-PSV-47
2 JENB-PSV-4 8
3 JENA-PSV-47
3 JENB-PSV-48

760-002 25
26
27
28

1 JEWA-PSV-103
1 JEWB-PSV-104
2 JENA-PSV-103
2 JEWB-PSV-104

. 29...: ~'...,-.....;«3.- JENA-PSV-103,.
30 3'EWB-PSV-10

760-003

7 60-004

32
33
34
35
36

43

47
48
51
52

1 JEWA-PSV-105
1 JEWB-PSV-106
2 JEWA-PSV-105
2 JEWB-PSV-106
3 JEWA-PSV-105
3 JEWB-PSV-106

1 JECA-PSV-75
1 JECB-PSV-7 6
2 JECA-PSV-75
2 JECB-PSV-76
3 JECA-PSV-75
3 JECA-PSV-76

Table 3 continued on Paae 17
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TABLE. 3 Continued

\

From Pa e 17 I

~ I

~ ~ (

Model Number

r 76Q 006
(

P

~ '

t

v

P.O.

96
97
98
99

100
101
102
103
104
105
106
107
108
109
110

112
113
114
115
116
117
118
119

item
r

Tag Number'

'2-JECA-PSV-'95':! ';:

2-JECB-PSV-96 "-
2-JECA-PSV-97
2-JECB-PSV-98
2-JECA-PSV-99
2-JECB-PSV-100
2-JECA-PSV-10
2-JECB-PSV-102
2-JECA-PSV-103
2-JECB-PSV-104
2-JECA-PSV-105
2-JECB-PSV-106

'-JECA-PSV- 07
2-JECB-PSV-'108
2-JECB-PSV-109
3-JECA-PSV-95
3-JECB-PSV-96
3-JECA-PSV-97
3-JECB-PSV-98
3-JECA-PSV-99
3-JECB-PSV-3.00
3-JECA-PSV-101
3-JECB-PSV-102
3-JECA-PSV-103

~,

120
121

. 122
23

124
125

3-JECB-PSV-104
3-JECA-PSV-105
3-JECB-PSV-106
3-JECA-PSV-10
3-JECB-PSV-108
3-JECB-PSV-109

'..'i r~i~)~.~qs
v

rhv ~ rttl I lhtt
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'TABLE 3,

I'ODEL

NUMBER

CdNTINUED FROM'AGE 18

:*P O. » ITEM ' ~- ~ TAG NUMBER

I »

1

76Q-007 i6

:76Q-008

- "-. "-":—. ~ 127
142 "" v

'1-JECA-PSV-117
2~CA-PSV-117

157..'0>;.s".-'.,-~. ':-' 3-JECA-PSV-117
:,~ >" ':" 129:. ". <"'=w ~ ~ '" " 'MSGA PSV 312

: ~ 131 "lMSGA-PSV-319

v,

~
' I'

-;:v".. r- ..'-.-'S; "3.33(.„".-";"-E~,'.':,'; '. 1-JSGB - SV-325
' '135'" "'"'

~
'' ' ""'01MSGB PSV 305

144 2-JSGA-PSV-312
::.". '.-~ vi": 146'vg:"„;.'" .iS >..s .2&SGA-PSV-319 ~-

148
'-'150

'59

161
163

i2MSGB-PSV-325 "
'2MSGB-PSV-305
3MSGA-PSV 312
3MSGA-PSV-319
3-JSGB -PSV-'325

76Q~9
165 3-JSGB-PSV-305
128'i.! r""':-'. ':,".:". 'MSGA-PSV-309

760-010

130
132
134
143

'45

147
149
158
160
162
164
138
139

1MSGA-PSV-316
1MSGB-PSV-322
lMSGB-PSV-302
'2MSGA-PSV-309
2MSGA-PSV-316
2-JSGB-PSV-322
2-JSGB-PSV-302
3-JSGA-PSV-309
3MSGA-PSV-316
3MSGB-PSV-322
3MSGB-PSV-302
1MSGB-PCV-303
1MSGA-PCV-310

-"~drv~v'E~S'0'140.4'AYv'<Ãv.. Q!Qi'0r 4&SGA-KV-.317; ~

~ ~

76Q-011

141
153
154
155
156
168
169
170
171
136
137
151
166
167

152

1MSGB-PCV-323
2MSGB-PCV-303
2MSGA-PCV-310
2MSGA-PCV-317
2-JSGB-PCV-323
3MSGB-PCV-303
3-JSGA-PCV-310
3MSGA-PCV-317
3-JSGB-PCV-323
1~CA-PSV-121
1-JECB-PSV-120
2-JECA-PSV-121
3-JECA-PSV-121
3MECB-PSV-120
2-JECB-PSV-120

Eor rOSE E E01)
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8146359 EST 1713 FEB/15/1984

TARGTRGCK FDLE

ZCZC ANPT 3133j PHOENIX AZ: FEBRUARY 15 1984
5182246418

TARGET ROCK CORPORATION
1966E BROACHOLLGk RD ~

EAST FARNINGDALE» NY 11735

ATTN: NR ~ THCN AS D. GROS LEY
BT
ANPT"3133-JTE/YiLR /i
SUBJECT: ENVIRONNENTCL QUALIFICATICN OF TRC

PRESSURE RELI EF V ELVES
F I LE - 1 3- <Fi -6 9 1

REFERENCE TELEPHCNE CCNVERSATIGN BEThEEN THURS CRGhLEY»
NARTIN RAINES AND ED CCUVIER CF FEERUARY 15» 1984 ~

GENTLEYiEN:

THIS IS TG CCNFIFN THE REFERENCED CGNVERSATICN CCNCEFNING
CKR5 ENVIRCNNENTCL QUALIFICATICN OF TRC SAFETY RELIEF VALVES~

APS EXFLAINED THAT AS PART OF THE EQUIPYiFNT QUALIFICATION EFFORT»
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THE NUCLEAR REGULATORY AGENCY HAD REQUESTED THCT''E SUENIT THREE
NECHANICAL ENVI RCNMENTAL REFORTS FGR REVI Eh'F h'HICH TRC SAFETY
RELIEF VALVES» PURCHASED UNDER 13- JN-691» hERE SELECTED+ APS
STATED THAT AS PART OF THE REGRT SUPPLIED EY TRC (RPT NG. 3588A)»
4lE HAD PERFORMED AN ADDITICNAL AGING CATALYSIS TO SUFPLENENT THE
TRC DATA~ THE RESULTS 'INDICATED 'A QUALIFIED LIFE CF FORTY YECRS
NININUN AS OPPOSED TG THE FIVE YEARS STATED IN SECTI CN 6 ~ 8»
PAGE 15 GF 19» TRC RPT. 3588A THIS DISCREPANCY PRCNPTED THE NRC

",ggj TG REQUEST THAT CPS OBTAIN CONCURRENCE FRCN TRC FGR THE, APS
C ALCULATI CNS ~

IT hAS FURTHER DISCUSSED THC'T AFS NCKES g. t:ISTINCTION EEThEEN
~ QUALIFIED LIFE AND DESICN LIFE~ FOR SITUATICNS h'HERE THE RECC01NENDED

REPLCCENENT INTERVAL:(DESICN LIFE) IS LESS THEN THE QUALIFIED LIFE»
APS NAKES EVERY EFFORT TC CCNPLY hITH SUPPLIER RECCNNENDATIGNS

„HOhEVER» IF LIYilTATICNS CN AVAILAELE N'ANFGh'ER OR TINE CCNSTFAINTS
PREVENTED REPLACENENT hITMIN THE RECCNNENDED TINE FRCNE» THIS
hlOULD NOT RENDER THE EQUIFNENT UNQUALIFIED AN D CPEN APS TO A
FGTENTIAL NRC VIOLATICN OR FINDING.

IT hAS ALSO DISCUSSED THAT PERl GDIC GPE.RAEI LITY TESTING COUPLED
4?TH DETAILED SURVEILLANCE GF SELECTED "hORSE CASE" VALVES CCULD
ESTABLISH OPERABI LITY CF THE RENAINING VALVES 'h'HOSE AGE DEGRADAELE
CCNPCNENTS REYiAINED IN FLACE IN EXCESS GF THE DESI CN LIFE OR
REPLACENENT INTERVAL EUT LESS THE QUALIFIED LIFE ~

APS CCNNITTED TG TRCNSNIT A CGPY OF THE CALCULATIONS REVIEhED EY THE
NRC VIA FEDERAL EXPRESS AND REQUESTED TARGET ROCK CORPGRATICN TG
PRGVIDE THEIR OPINICNS/RECCMNENDATIGNS PRIOR TO CUR REQUIRED
RESPONSE DATE GF NARCH 4»:1984 TG THE NRC ~

IF YOU REQUIRE FUTHER INFORNATICN» PLEASE CCNTACT HARTIN RAINES
AT:(682) 943-.7'288» EXT ~ 6854 ~ FOR YOUR CCNVENI ENCE» GUR TELEX
NUNBER IS 668388-.AZ PUESVC PHD

VERY TRULY YOURS»
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L.o Eo VAN - BRUNT» JR ~

APS VICE PRESIDENT» NUCLEAR
ANPP PROJECT DI RECTCR

' EVE JR/N LR/DH

CC - A. C ~ ROGERS
J ~ Te ERRROhi
E ~ J ~ GCUVI ER
To F ~ QUAN
V ~ Lo KEDANIS
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1.0 SCOPE

This document was prepared by iVyle Laboratories for Bechtel Power Corporation (BPC)
for equipment to be used in Palo Verde Nuclear Generating Station, Units 1, 2 and 3.

1.1 Objective

The purpose of this report is to present an aging analysis of non-metallic components of
Q-Class Essential Air Filtration Units furnished under Bechtel Purchase Order
10007-13-MM-721B (Fuel Bldg. unit 13-M-3FA/B-301, Control Bldg. unit 13-M-3HA/B-
F00) for use by the Arizona Public Service Company, Palo Verde Units 1, 2 and 3.

The aging analysis of non-metallic components was based on the criteria of susceptibility
to time/temperature and radiation mechanisms.

Damage levels and calculated lives were determined solely on the individual effects of
radiation and time/temperature related mechanisms.

Bechtel Power Corporation contract specific materials lists were provided for the purpose
of evaluation (Ref. 1).

1 ~
1.2 Applicable Qualification Standards and Documents

Wyle Laboratories western Test and Engineering Quality Assurance Manual
380, dated l August 1982.

IEEE 323-1970, "Standard for Qualifying Class 1E Equipment for Nuclear
Power Generating Station."

IEEE 627-1980, "Standard for Design Qualification of Safety Systems
Equipment Used in iNuclear Power Generating Stations."

Bechtel Power Corporation letter, document number B/Comp-P-02759, dated
November 29, 1982. Subject: Arizona Nuclear Power Project Bechtel 3ob
1040?.

1.3 Equipment Description

The equipment consists of the foilowing:

l. Fuel Building Essential Cooling Air Filteration Unit Tag Numbers: 13-M-HFA-301,
13-M-HFB-301. Manufacturer: CTI Nuclear.

2. Control Building Essential Cooling Air Filteration Unit Tag Numbersl 13-M-HFA-
F04> 13-M-3FB-F00. Manufacturer: CTI Nuclear.
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2-0 DEFINITION OF SERVICE CONDITIONS

BPC has specified the following environmental service conditions (Ref. 1).

2.1, Fuel Building Essential Cooling AirFilteration Units
Tag No's. 130MOHFA/B-JOI (BPC Environmental Designator YI)

Normal/Abnormal Accident

Temperature (F)

Radiation
(Rads gamma, 00 year
integrated dose)

104

<103

100

105

Operational Time 00 years 30 days

2.2 Control Building Essential Cooling Air Filteration Units
Tag No's. 13-M-HFA/B-FOO (BPC Environmental Designator IY)

Normal/Abnormal

I ~ Temperature (F)

Radiation
(Rads gamma, 00 year
integrated dose)

Operational Time

100

< 103

00 years

100

< 103

30 days

3.0 EVALUATIONCRITERIA

3-1 Evaluation of Susceptibility to Radiation Degradation

The approach for evaluating the components for their radiation resistance is a three step
process:

1. Review the individual materials of construction as provided on the Contract
Specific Materials List.

2. Research Wyle Laboratories Aging Library for information on threshold levels,
severe damage levels, degradation characteristics, and failure criteria.

3 Provide evaluation based on potential material degradation and ability to
perform its design function after exposure to the specified radiation dosage.

It is recognized that metallic and non-organic materials are insensitive to radiation
degradation at the specified dosage and hence the evaluation is'only on the organic
materials iRef. 2).
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3.0 EVALUATIONCRITERIA (Cont'd)

'.2 Evaluation of Susceptibility to Time/Temperature Related Mechanisms

Components of the Cooling Air Filteration Units contain metallic, as well as non-metallic,
materials. The deterioration due to thermal aging is judged to be insignificant for
metallic and non-organic materials. Therefore, the aging of these components will be
based on their organic materials.

k
where,

k
A

exp
Ea
kg

T

reaction rate
frequency factor
exponent to base e
,activation energy
Boltzmann's Constant (8.617 x l0-5 eV/K)
absolute temperature

For many organic materials, it is known that the degradation process can be defined by a
single temperature-dependent reaction that follows the Arrhenius equation (Ref. 3 8 0):

A exp (-(Ea/ki3 T)) (I)

It is further noted that, for many reactions, the activation energy can be considered to bet constant over the applicable temperature range. Life is assumed to be inversely
proportional to the chemical reaction rate (Ref. 3 8 5). In terms of life and after
converting to Napierian base logarithms, equation (I) becomes:

ln (life) = (Ea/ka) (I/T) + Constant

Equation (2) has the algebraic form:

(2)

y=mx+b

where,

y = ln(life)

x= I/T

rrt = 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
ln(life) versus 1/T to the above simple linear relationship.
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2.0 DEFINITION OF SERVICE CONDITIONS

BPC has specified the following environmental service conditions (Ref. I).

2.1 Fuel Building Essential Cooling Air Filteration Units
Tag No's. 130MOHFA/B-301 (BPC Environmental Designator VI)

Normal/Abnormal Accident

Temperature (F)

Radiation
(Rads gamma, 00 year
integrated dose)

100

(103

100

Operational Time 00 years . 30 days

2.2 Control Building Essential Cooling Air Filteration Units
Tag No's. 13-M-HFA/B-FOO (BPC Environmental Designator IV)

Normal/Abnormal Accident

Temperature (F)

Radiation
(Rads gamma, 00 year
integrated dose)

100

(103

100

< 103

Operational Time 00 years 30 days

3.0 EVALUATIONCRITERIA

3.1 Evaluation of Susceptibility to Radiation Degradation

The approach for evaluating the components for their radiation resistance is a three step
process:

1. Review the individual materials of construction as provided on the Contract
Specific Materials List.

2. Research Wyle Laboratories Aging Library for information on threshold levels,
severe damage levels, degradation characteristics, and failure criteria.

3. Provide evaluation based on potential material degradation and ability to
perform its design function after exposure to the specified radiation dosage.

It is recognized that metallic and non-organic materials are insensitive to radiation
degradation at the specified dosage and hence the evaluation is only on the organic
materials (Ref. 2).
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3.0 EVALUATIONCRITERIA (Cont'd)

3.2 Evaluation of Susceptibility to Time/Temperature Related Mechanisms

Components of the Cooling Air Filteration Units contain metallic, as weli as non-metallic,
materials. The deterioration due to thermal aging is judged to be insignificant for
metallic and non-organic materials. Therefore, the aging of these components will be
based on their organic materials.

For many organic materials,'it is known that the degradation process can be defined by a
single temperature-dependent reaction that follows the Arrhenius equation (Ref. 3 R 0):

k
where,

k
A

exp
Ea
kp

T

A exp (-(Ea/kg T))

reaction rate
frequency factor
exponent to base e
activation energy
Boltzmann's Constant (8.617 x 1.0-5 e Y/K)
absolute temperature

It is further noted that, for many reactions, the activation energy can be considered to bet constant over the applicable temperature range. Life is assumed to be inversely
proportional to the chemical reaction rate (Ref. 3 8 5). In terms of life and after
converting to Napierian base logarithms, equation (1) becomes:

ln (life) = (Ea/kg) (1/T) + Constant

Equation (2) has the algebraic form:

y=mx+b

(2)

where,

y = In(life)

x = 1/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
ln(life) versus 1/T to the above simple linear relationship.
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3.0 EVALUATIONCRITERIA (Cont'd)

3.2 Evaluation of Susceptibility to Time/Temperature Related Mechanisms (Cont'd)

For example, Dow Corning $7732 RTV Silicone Rubber with a failure criterion of 50%
elongation:

- ln(life) = 8956.8356(l/T) - 11.0998

for a baseline temperature of 313K (100oF)

life = 3.09 x 103 years

0.0 EVALUATION

The Summary Table lists non-metallic materials fou'nd in the Fuel Building Essential
Cooling Air Filteration Unit (FBU) and the Control Building Essential Cooling Air
Filteration Unit (CBU). For components with time/temperature-related aging
mechanisms, aging will be based upon auditable aging data. V/hen this data is unavailable,
caref ul extrapolation and/or selective engineering judgment will be employed and
identified in the section applicable to the specific material being evaluated.

Both units use Dow Corning //732 RTV Silicone Rubber Sealant. The radiation damage
threshold for this silicone rubber is 1.3 x 106 rads (Ref. 6). This is 13 times greater than
the requirement for the FBU and greater than 1300 times the requirement for the CBU.
Therefore, the silicone rubber sealant is considered not age-sensitive to radiation under
the specif ied service conditions.

Based on a 50% elongation failure criterion for the silicone rubber sealant,'the activation
energy is 0.77 eV with -11.0998 intercept (Ref. 7).

0.2 Silicone Sponge Rubber

The Cohrlastic R-10080 Low Compression Set Silicone Sponge Rubber (medium grade)
with adhesive backing is used on both units as a gasket material. The adhesive backing is
used for gasket mounting only, therefore, it is not addressed in this evaluation. The
radiation damage threshold for silicone rubber is 1 x 106 rads (Ref. 8). This is 10 times
greater than the requirement for the FBU and greater than 1000 times the requirement
««he CBU. Therefore, the silicone rubber is considered not age-sensitive to radiation
under the specified conditions.

»sed on a 50% compression set failure criterion for the silicone rubber, the activation
energy is 0.86 eV with -18.3986 intercept (Ref. 9).
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0.0 EVALUATION(Cont'd)

0.3 Neoprene Gaskets

Both units use neoprene gaskets. The radiation damage threshold for Neoprene is 3 x 105
rads (Ref. 9). This is eight times greater than the requirement for the FBU and greater
than 800 times the requirements for the CBU. Therefore, neoprene is considered not age-
sensitive to radiation under the specified service conditions.

Compression set data for Neoprene is not available. The lowest available activation
energy is 1.05 eV with -20.09326 intercept (Ref. 6), based on 25% loss of elongation
failure criterion.

0.0 Silicone Grease

The Dow Corning III Compound Silicone Grease (heavy consistency) is used on both the
FBU and the CBU. This grease is used as a lubricant for the door assemblies and has no
safety-related function. Also, vendor specifications call for a 90 day servicing schedule
of, this grease (Ref. 12). Therefore, an aging analysis is not required.

0.5 Ceramic Cement

The Appleton NC00-F038 Explosion Proof Sealing Cement is a ceramic cement with an
inorganic granulated wool filler. The cement is used only on the Fuel Building Filteration
Unit. Because all components of this cement are inorganic it is considered not
age-sensitive under the specified service conditions of radiation and time/temperature
effects.

0.6 Buna-N 0-Rings

The Buna-iN 0-rings are found in the Parker Hanifin 1020-1030 Steel Stat-0-Seal. The
Stat-0-Seal is used only on the Control Building Filteration Unit. The radiation damage
threshold for Buna-iN (nitrile rubber) is 2 x 106 rads (Ref. 6), which is greater than 2000
times the requirement for the Control Building Filteration Unit. Therefore, Buna-N is
considered not age-sensitive to radiation under the specified service conditions.

The only compression set data available for the Buna-iN 0-rings is based on 90%
compression set failure criterion, the activation energy is 0.68 eV with -10.2905 intercept
(Ref. 13).

Asbestos Gasket

The Flexitallic I/CG-iG Gasket is used only on the Control Building Filteration Unit. The
non-metallic component of the gasket is compressed asbestos. Because asbestos is an
Inorganic mineral compound it is considered not age-sensitive under the specified service
conditions of radiation and time/temperature effects.

Nitrile Base Adhesive

T"e Goodyear Pliobond $/20 All Purpose Adhesive is a nitrile rubber base adhesive. This
«hesive material is used to hold the gasket in place during installation only and has no
a«ty-related function (Ref. 10). Therefore, an aging anlaysis is not required.
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5.0 SUMMARY TABLE

Non-Metallic
Materials

Silicone Rubber
Sealant

Silicone Sponge
Rubber

Radiation Thermal

No Yes

No Yes

A in Mechanism
Calculated

Life
Years

3.09 x I03

o 'o

FBU/CBU

FBU/CBU

Neoprene

Silicone Grease

Ceramic Cement

Buna-N Rubber

Asbestos

Nitrile Rubber
Adhesive

No

N/A

IVo

No

No

N/A

Yes

N/A

No

Yes

No

N/A

322

90 Days+ II

N/A

N/A

N/A

FBU/CBU

FBU/CBU

FBU

CBU

CBU

FBU/CBU

+FBU is the Fuel Building Essential Cooling Air Filteration Unit
CBU is the Control Building Essential Cooling Air Filteration Unit

++Vendor recommended maintenance interval
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