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1.0 SCOPE -

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

2.0 ASSIGNMENT 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.

3.0 - APPLICABLE REFERENCES

The following references apply to this investigation:

3.1 IEEE 627-1980, Design Qualification of Safety Systems Equipment Used in
Nuclear Power Generating Stations ‘

3,2 IEEE 323-1974, Qualifying Class 1E Equipment for Nuclear Generating

Stations,
3.3 C-E huality Assurance of Desigh Manual.
3.4 V-PAK-467, Procedure for the Environmantal Qualification of Mechanical

Equipment for ANPP Palo Verde Units 1, 2 and 3.

3.5 C-E letter V-PSD-1006 dated June 18, 1982, ANPP, TVA, WPPSS, NUREG 0588
Qualification Parameters for Safeguard Systems.,

3.6 Ingersoll-Rand letter dated December 6, 1983, Safeguard Pumps, Non-
Metallic Materials Mechanical Equipment Environmental Qualification,

3.7 Ingersoll-Rand Instruction Manual for Centr1fuga] Pumps, 4 x 11 CA-8
High Pressure Safety Injection Pumps, .

3.8 C-E System 80 CESSAR FSAR,

3.9 Bechtel letter B/CE-E-43422 dated January 21, 1983, Environmental
Qualification Paramaters,

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

3.11 C-E Specification 14273-PE-410, Rev., 02, Project Specificat10n for
Safeguard Pumps for ANPP Units 1, 2, 3, 4 and 5.

3.12 Hyle Report 26364 dated December 31, 1981, Nuclear Environmeantal
Evaluation Report of Valve Packing and Gaskets used in Anchor Darling
and Dresser Valves for Bechtel Power Corporation ANPP PVNGS Units 1, 2

and 3,
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3.13 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 PVHGS Units 1, 2 and 3,

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

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

3.16 Dura Seal Manual, Guide to Modern Machanical Sealing, 6th Edition.

3.17 Research Report 1209-A dated October 20, 1976, The Testing of Dura
Seals in 2.5% 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 - MEQ.-

3.20 TDM-83-290 dated December.16, 1983, Shell Turbo 68 0il Lubrication of
the Ingersoll-Rand HPSI Pump.

4.0 QUALIFICATION

4,1 Equipment Description

The High Pressure Safety-Injection (HPSI) pump is an eight stage =~ -----
centrifugal 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
Tiquid 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™~ =" " -

for the 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 following the accident, and the HPSI pumps
ensure that the injected flow is sufficient to mitigate a Loss-0f-
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

- 4.3

4.4

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 HPST pumps are normally on standby, ready to operate,
and provide shutdoun cooling at flos rates up to runout (4400 gpm) for
one year. After one month of accident cond1t1ons normal -fluid

temperature will prevail,

System Operability Reqiirements

Ekﬁéiha] Environment (Reference 3.9) .
Normal Accident

Radiation 3.5 x 10%Rads9.65 x 10°Rads
Temperature 104°F 104°F

Fluid Environment (References 3.8, 3.9, 3.11)

Radiation e — 1 x 107Rads
Temperature 120°F 300°F
Component Function and Failure Consequences lﬂ:ﬁ_uﬁ_@“;;

Per Reference 3.5, the HPSI pump must be capable of operating up to
9636 hours post accident at runout flos 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 1nJect10n
mode or the recirculation mode of system operation. .. ....

B
1

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

Part Number Name Non-Metallic Material
3638 - Flexitallic Gasket Asbestos
363C Flexitallic Gasket Asbestos
363H Flexitallic Gasket Asbestos
363E Flexitallic Gasket Asbestos
363D Flexitallic Gasket Asbestos
284 Gasket Hydroil

" V-PAK-481 Page 5 of 11
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- 4.5

. 4.6

4.6.1

429 Durametallic Seal Carbon, EPT
“Bearing Lubricant SAE 10 Motor 0il
Trico Oiler Glass Bottle, rubber gasket

Function and Failure Conseduience of Non-Metallic 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
Teakage between stages would reduce floy and head and could impact the
performance of the safety function. The failure of Flexitallic gasket
Part No. 363B would allow 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
mist operate for one year after an accident loss of o0il to the bearing
through failure of the hydroil gasket cannot be tolerated.

" Durametallic seals on both ends of the pump prevent the pump from

Teaking the borated water past the pump shaft into the atmosphere.
Maximum allowable 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 0il 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
Tevel is beloy the glass reservoir, loss of the glass reservoir and
rubber gasket does not affect required operability and can be excluded
from the qualified 1ife analysis.

-

Qualified Life.____. ... _

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,

Asbestos has historically been known for its resistance to heat effects
and data indicates that there islgo net change to asbestos to.a
radiation threshold of 3.96 x 10*“Rads.
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| . 4.6.2 Hydroil_(Cellulose) Gaskets

. . 4.6,2.1 Time/Temperature Effects

Qualified 1ife based on Arrhenius methodology is a linear plot on semi-
log coordinates and can be represented analytically as:

log (1ife) =A+ B
: T

a
-

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

From aging data given in Reference 3.13, i.e.,

life = 204 years at T = 104°F
life = 1 year at T = 212°F
log (1ife) = 4494.116874 - 8.1060666

e

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:

"" ]ifelgooF = 35,121 hrs.n

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 11fe for th1s condition is:

11fe120oF = 717 113 hrs.

-

Based on operation parameters given -in Reference 3.5 and applying a 108 -coc eune -
time margin to accident functions: . ’

Required life .(hrs) Qualified life (hrs)

Accident function at 180°F 792 35,121

Accident function and normal 11,424 717,113
- operation at 120°F

Time while pump not operating 347,820 1,787,040

at 104°F

V-PAK-481 Page 7 of 11
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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.,
QL2 -LGRLI/QLI) X QL2 = AL2

Where:’ QL2 = qualified 1ife at temperature 2

RL1 = required life at terperature 1
QL1 = qualified life at temperature 1
AL2 = available life at temperature 2

This available 1ife becomes the new qua11f1ed life to be applied to the
next less severe condition,

available ]ifelzooF = 700,941 hrs.
1,717,615 hrs.

available ]ife104oF

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

years.
Radiation Effects

Pe g Reference 3.13, hydroil gaskets have a rad1gt1on threshold of 1 Xx
rads but can be utilized for doses of 1 x 10°rads and still ’

m }ntaln over 70% of their flexural and tensile strengths. At 1 x
0'rads original flexural and tens1]e strengths have degraded over

90%

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

4,6.3 Durametallié 'Seals

4.6.3.1 Time/Temperature Effects
4,.6.3.1,1 EPT (ethylene propylene teﬁbolymer) 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, :

tebeeli(5 )
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4.6.3.1.2

Where: t, = qualified life (hrs)
ty" = aging life (hrs)
B°= activation energy (ev) 5 -
k = Boltzmans constant = 8, 617 x 10°° ev/°k
T, = aging temperature (°k)
T, = service temperature (°k)

From aging data g1ven in Reference 3.15 and service conditions given
in Section 4.2, .

v

]if83000F = 2390 hrS ™

"

lifeypgop = 7,363,347 hrs.

19,279,860 hrs.

1ife104oF ‘

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

Réquired 1ifé (hs) Qualified 1ife (hrs)

Accident function at 300°F 792 2,390
Accident function and normal 11,424 7,363,347
operation at 120°F ;

Time while pump not operating 347,820 19,279,860
at 104°F ° .

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 1ife120°F = 4,923,275 hrs,
available lifejgqop = 12,846,148 hrs

Since the calculated available life,- 12,846,148 hrs, is greater_than -

the required 1ife 347,820 hrs., the EPT 0-rings are qualified for 40
years,

3
No. 5 Carbon Hear Ring

Per Reference 3,16, No. 5 carbon wear ring is a standard carbon
graphite material with Tow 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
cycllng tests however, the wear rate increased 17 times over that
encountered during continuous operation. .Total allowable wear is 124

mills,

V-PAK-481 Page 9 of 11




' ‘ Based on operatfon parameters given in Reference 3.5 and applying a
10% time margin to accident functions and always alloqlng for wear
due to accident condition operation, the qua11f1ed life is:

Required Wear Rate Total Year
Life (hrs) (Mills/hr) - (Mills)

Accident condition at
300°F N 792 .03274 25,93

Accident condition at
150°F 8844 .00299 | 26.44

Wear allowable for normal operation = 124-25.93-26.44 = 71,63 Mills

Utilizing a wear rate of .0525 mills/hr for normal operat1on, the
qualified life is:-

71.63 = 1364 hrs.

4 = 22 years

Since operation is 62 hours/year:
62

v

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 107rads
andcan be considered qualified for 40 years.

4,6.3.2,2 No. 5 Carbon Wear Ring

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

8,6.4  SAE 10 Motor Ofl == -=- -~

0i1 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 11




4,7.2

4.7.3

4.7.4

.5.0

“we

Replacement and Maintenance

Flexita]]ic Gaskets

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

Hydroil Ga§kets

e

The Hydroil gaskets are qualified for 40 years without replacement

provided they are not disturbed. Replacement 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.

Durametallic Seals

The EPT O-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 crystalization. Replacement is required

. during any machanical 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 0il -

The Tlubricating 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 o0il1 has been evaluated and has been determined to be sufficient
to sustain one year post-accident operation.

EQUIPMENT"IDENTIFICATIQN _

-ty

The equipment consists of the following:

High Pressure Safety Injectfon Purps

Manufacturer: . Ingersoll Rand
Manufacturer Part No.: 4x11 CA-8 stage
Serial Numbers: Unit 1 0776-14/15 .

Unit 2 0776-16/17
Unit 3 0776-18/19

Drawing No. | D-4X11-8CA500X1D, Rev. 5
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DURAMETALLIC CORPORATION 2104 Factory Strest  Kalamszoo, Michigan 49001, U.S.A. -
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SECTION I

THE TESTING OF DURA SEALS
IN 2.5% BORATED WATER
FOR NUCLEAR POWER PLANT SERVICES

Ref: Durametallic Corporation
Research Report No. 1209-A
October 20, 1976
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* Page I-1

THE TESTING OF DURA SEALS
IN 2.5% BORATED WATER

Ol

Thd; report summarizes the testing accomplished by Duramega]]ic
quporation on Dura Seals for use in Nuclear Power Plant pumps hénd]ing 2.5%
borated water. The summarized data, shown %n Table I-~1, represents over 4,100
hours of testing, simulating the most severe and adverse conditions that such
seals midht be subjected to during piént emergency conditions. Al1 the tests
athaf 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 1ittle prpséure above the corresponding vapor pressure.
+ ATl tests were completely successful‘with'no‘fai1uré§ encountered during the
entire test program.

This series of tests is an update of the test program conducted by
‘ Durameta111c Corporation in 1969. The 1969 report is st111 valid in that.the
basic conditions under which the sdaTs are to operate have not changed éppreciably
since 1969. However, s§a1 techdo]ogy‘has*progressed and present seal deéigns and
materials may perform better and withistand more severe conditions with less wear.
This latest series of tests show the projected wear 1ife for each of the adverse
conditions tested, including the condition of 150°F product temperature and 250
PSIG seal chgmber'préssure which was not in the 1969 test program. O0f special
significance are the moderate cycle and rapid cycle tests which severely test
the.ability of the seal to adapt to rap1d changes in temperature and pressure and

to determine whether or not bor1c acid will immobilize or "hang- up“ the seal.

4 LY







CONCLUSIONS

Type PTO Dura Seals in the des1gn and materials of construction tested
performed totally satisfactory in distilled water containing 2.5% by weight
boric acid under all-‘conditions tested. ,

- b

External cooling is not required.

Bypass flushing of the pump product from the d1scharge to the seal faces
provides adequate cooling and lubrication.

The projected wear life of the sea] faces when operated at var1ous steady,
stable conditions on a continuous basis were:

CONDITIONS " y Projected Wear Life
Product Temp., °F Pressure Hours
150 V.P. + 6 ft. head 79,000
150 250 PSIG "~ 40,400
300 V.P. + 6 ft. head 3,800
350 : 450 PSIG ' 4,770

~

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

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

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

Immobilization 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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Page I-3

TEST SEAL

" The seals tested were of 2" shaft size rotating at 3550 RPM and are shown
schematically’ in 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 iM a manner similar to our HPTO high pressure
Dura Seal series. The purpose of testing both 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 wWas used with the test seals. In our prior
testing it was found that such seconﬂery seals did not adversely effect operation
or hangup characteristics of the seals,’ It is even possible that secondary seals
may reduce any tendency to hangup the' seal by retaining 1iquid leakage longer and,
* thereby, tending to wash away any boric acid crystal buildup more readily. Since
a design without the secondary seal may present the more severe condition for the
sea], it was decided not to include it in the test arrangement.

The rotary seal ring was of solid Tung-Car 62-6 (n1cke1 binder) and the
insert of No. 5 carbon. The compression unit was of 316 stainless steel and springs,
pins and set screws #20 stainless steel.

The insert rubbing face design used for the final testing had a balance
of- 31% and face width of .175". 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 EQUIPMENT 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 d1a1wthermometer in the
discharge 11ne and a thermocouple in the seal chamber as a doub]e check.

) Pressure was maintained by an external air operated pressur1z1ng 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 1line was used.
The throat bushing had a .0075" radial clearance. The bypass volume was approxi-
mately 1-1/2 GPM for all tests.

The product fluid was distilled water with 2.5% by weight boric acid
(4.375 PPM Boron).







TEST CONDITIONS

s

The specific conditions tested singly and in combination were:

Product Temperéture

Condition °F °c Seal Chamber Pressure
1 150 66 __ V.P. + 6 ft. static head
2 150 66 ~ 250 PSIG
3 .- 300 148 V.P. + 6 ft. static head
4 350 176 450 PSIG

It is believed that these conditions in various combinationg 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.

It is firmly believed that the seal design presented can withstand any
condition 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-1 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 1ife of 79,000 hours
or more than nine years. In the two tests of 238 hours duration each, used to
determine the wear 1life, there was no measurable wear on the Tung-Car face.

-




Page I-5

Tests 3 and 4 reveal the wear of the seal if the température 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 1ife of 40,400 hours or nearly five years.

o

. 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 0.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 0.D. 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- ' .
I;miﬁing a?d, 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 holr for a projected seal 1ife 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 wWear faces following these tests revealed some

‘face pitting and a few small chips out of the I.D. edge. The damage was not

extensive and the seal would have returned to normal operation without difficulty.

vInspection of the Tung-Car face revealed a narrow groove about 0.6 mils
deep at the 0.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 seal would perform satisfactorily under this
adverse condition and that it may have a reasonably long 1ife (3800 hours projected)

“even when operated at this condition continuously.

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 1iquid leakage except small amounts of boric acid crystals.

Inséection of the carbon revealed face pitting and minor .chips on both
I.D. and 0.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 sﬁa11 groove
adjacent to the 0.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 0.D. of the contact
areawith 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 a1l instances the seals performed well and at no time indicated
“imminent 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-adausted to the new condition., This may have been a reaction durlng
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 11 the HPTO design was used. No difference in
general operation was noted.

MULTIPLE CYCLING TESTS

Tests 12 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.

It can be seen that Test 12 ehdured 20 cyc]eé for a total continuous time
of 608 hours. After the 20th cycle the seal was leaking at 6 cc per minute but
s]ow1ng when the test was terminated.

Examination of the seal revea]ed that the carbon face was severely pitted
and several large chips had occurred on“the 0.D. and I.D. diameters. The cause of
the leakage was believed due to face ddmage rather than seal immobilization. It is
believed the seal would have gradually Worn 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 0.D. of the carbon rubbing face: Although 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 very 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 encountered and that this phenomena would not seriously effect
seal 1ife 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 27 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 appeared 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
'he1d up well and the wear was moderate.

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 1ife is considered expended when this is-worn
away. It can be seen, however, that thHe 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 Would 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 dlsregarded 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 this report.

.A projected seal 1ife 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
1ife would not be a realistic factor.
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LEAKAGE AND IMMOBILIZATION

One of:the major concerns with seals for this service is leakage and the
possibility of immobilizing 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 change /from one condition to another and even then it did
not occur with each change of’ the 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 1iquid 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 1iquid 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 2.5% borated water. In our 1969 Report it
was speculated that 1iquid Teakage dissolves and washes away boric acid crystals
" and these tests seemed to further strenthen this hypothesis.
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TABLE 1I-1

SUMMARY OF TEST RESULTS: 2.5% BORATED WATER

TOTAL TOTAL AVERAGE -
PRODUCT CONDITIONS NUMBER OF TEST CARBON PROJECTED -
TEST TEMP. PRESS. CONDITION CHANGES TIME WEAR SEAL LIFE
NO. _°F PSIG TEMP. PRESS. HOURS LEAKAGE MILS - HOURS
STEADY STATE CONDITION TESTS |
1 150 V.P. 0 0 . 238 Nil 0.45 79600
2 150 -~ V.P. 0 0 238 Nil 0.30
3 150 250 0 0 351 Ni1 1.05 40400
4 150- 250 0 0 305 Ni1 1.00
5 300 V.P.. 0 0 72 Ni1 2.25 3800,
6 300 V.P. 0 0 70 N1 2.40
7 350 450 0 0 53 Nil 1.10 4770
8 350 450 0 0 92 NiT 2.70
MODERATE CYCLE CONDITION TESTS ‘
9 150/350 V.P./450 5 5 324 Nil 17.0
10 oo W 2 2 348 Fig. 1-5 11.0
11 nwow nooou 3 3 519 Nil. 14.2
MULTIPLE CYCLE CONDITION TESTS *
12 150/350 V.P./450 20 20 608 °  Fig. I-6 22.7 -
13 . v w 27 27 905 a w 50.7 -

6-1 9bed



TABLE I-2
NUMBER OF "CHANGES TO VARIOUS CONDITIONS FOR MULTIPLE CYCLE TESTS-12 AND 13

TEST NO. OF TOTAL HOURS AT
NO. TEST CONDITION TIMES CONDITION
12 . 150°F & V.P. 8 383
12 300°F & V.P. 7 | 119
12 350°F & 450 PSIG 5 106
Total 20 608 hrs.
13 150°F & V.P. 8 465
13 300°F & V.P. 11 264
13 350°F & 450 PSIG 8 176

Total 27 905 hrs.
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A T
rest PRODUCT TEST TIME, HOURS TOTAL |PROJECTED|.
CONDITIONS ~ : CARBON SEAL
NO. | TEMP | PRESS. WEAR LIFE
°F | pslG. 100, 200 300 MILS HOURS
I 150 | V.P. | 0.45
79,600
2 150 | V.P ] 0.30 :
3 150 | 250 1.05
, 40,400
4 I50 | 250 ] 1.00
5 |300|ve [ 2.25 *
. - © 3,800
6 300 | .P. 1 2.40
7 350 | 450 ] .10
: 4,770
8 350 | 450 - | 2.70 g

FIG. I-4 STEADY STATE CONDITION TEST RESULTS
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PRODUCT TOTAL
TEST TIME , HOURS . o
TEST | conpITIONS ) ; ! | carsoy | TOTAL.| &
: LEAKAGE | =
NO. | TEMPR |PRESS. - WEAR . | cec
°F RSIG.| 100 - 200 . 300 400 500 MILS.
350 | 450
9 300 | V.P - h _ 17.0 NIL
\ : .
150 | V.P.
350 | 450 . 160
- A e R
o | 300 | v.p . " 11,0 320 {
B Y |
150 | V.P. 1 - 200 i
350 | 450 ] ; |
" 300 | V.P 14.2 NIL |
iI50 | V.P : =

FIG. I1-5 MODERATE CYCLING CONDITION TEST RESULTS
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NO. |TEMR |PRESS.

°F RS.LG . 2010 . 4’?0 . GQO | 800 \ 1090
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12 300 | V.R

- 1 K

150 | v.p
‘ 350 | 450 N
- R E: o 28
13 | 300 | ve
7 . " y 4 A " A A
150 | vep

FiG. I-6 MULTIPLE CYCLING CONDITION TEST RESULTS
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NO. 6 CARBON SN

requirements, most seal manufacturers have
standardized on carbon-graphite for one seal
face. Carbon-graphite is compatible with an
extremely 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, isindeed fragile.

Therefore, when taking- carbon-graphite’s
delicate nature into consideration, Durametallic
decided thatit would 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.

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. 1t 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 will break down in the presence of some
oxidizing agents. -

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.
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lll.1.4 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, Types MRO/MRT (Section

- 11.1.2.) and Types MPO/MPT (Section 11.2.2),

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 present 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.

GLASS-FILLED DURAFLON

Duraflon is another Durametallic trade
name signifying TFE resin (Teflon). The chemi-
cally inert quality of Duraflon speaks for itself.
Consequently this material is occasionally used
as a seal face material. Because plain Duraflon
has a tendency to “cold-flow,” stability is a-
chieved through glass impregnation. Glass-filled
Duraflon is a poor wearing material and is, there-"
fore, limited to very low pressure-velocity ’
ratings.

Temperature limitations of Dura-Seal face
materials can be found in Table 111-B.
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SECTION 111.2
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 “O” 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.

ll.2.1 ELASTOMER "0” RINGS

It has already been pointed out that elas-
tomers, as used for secondary seals by Durame-
tallic, assume the configuration of “O” rings.
Figure 111-C illustrates the application of elasto-
mer “O” rings as shaft packing and insert
mounting.

FIG. lI-C “0" RING SECONDARY SEALS

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. ‘ Y ‘

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 “O” 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 4+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 +-1078C).

SILICONE RUBBER

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

Silicone “O” 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).'

N






Date 12/16/83
Time 10:30 AM

e TELEPHONE CALL RECORD

-

From_D. S. Kneppel of__ C-E 9452-510
To John Martin : of __ Shell 0i1 Co. 800-231-6950

Contract Name and Number Arizona/660856
Route: S. E. Gilley | (TDM-83-290)

J. S. Glazman §dH
v

R. E. Haller C////
G. W. Parry ég

Subject: Shell Turbo 68 0il Lubrication of the Ingersol-Rand HPSI Pump

Shell Turbo 68 is a turbine oil which will take long term continuous duty

service at 120°F. There is no deterioration of the oil when the pump is

ijdle. Changing the oil every 3 months is not necessary.

The 0il can operate at a maximum temperature of 210-220°F for a few

days. Six months at this temperature would result in complete conversion to an

asphalt-like material.

After 30 days at '180°F some of the anti-oxidant additives in the oil : -

‘would be depleted but there would be ﬂb significant degradation. Subsequent

continuous operation at 120°F for 11 months will not result in any breakdown

in the lubricity of the oil.

Radiation degradation is not a concern since any good grade of o0il includ-

ing the Shell Turbo ‘68 can tolerate 107 rads which is 100 times the normal

service plus accident requirement.

Product information data sheets for this oil were requested.

Written By: D.'gj{i;epéel (




Technical Bulletin  socsta
Shell Oil Company

(Supersoedes SOC:51-77)

Shell Turbo®Oils

Premium quality turbine and

general purpose R and O inhibitad

circulating oils

Product description .
Shell Turbo Oils are premium quality lubricating onls
designed to provide excellent lubrication of preci-
sionturbines 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 Qils are available in nine viscosity

grades,-ranging from 30 to 420 ¢St at40°C. Grade ~-

nomenclature conforms to the ASTM/ISO viscosity
system.

General applications

The highquality of Shell Turbo Oils makes them suit-
able for a wide range of [ubrication applications. |
These include general purpose plant lubrication, '
non-antiwear hydraulic and circulating oil systems,
and as non-E.P. gear ails. :

Standards for machine 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 (AGMA 250.03 dated
May 1972} includes a classification for rust and
oxidationinhibited oils for applications which do not
require EP properties. Recommended Shell Turbo
Oil grades are shown in Table 3.

et

Turbine applications

Shell 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 Shell Turbo Oilin
accordance with the viscosity recommendation of
the manufacturer for the turbine he intends to lubri-
cate. However, for various 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 stablliity

Alaboratory test method wndely used for evaluating
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
copperandiron wire catalysts at95°C., The TOST life
isreported as thetime in hours forthe oil to reach an

- acidity (TAN-C) of 2.0. A modification of the TOST

used by the Navy (MIL TOST)'is terminated at 1000
hours, and oil condition is evaluated, especially
sludge content.

Shell 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-C of 2.0. In the MIL TOST, 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.
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Steam turbines:

- Direct drive - ring olled:
with water cooling
without water cooling

Dlrect drive - forced feed
Gear drive - forced feed

Marine Turbines:
’ All units

Hydraulle turbines:
Large vertical machines
Small vertical machines
Hortzontal machines

I'd

Turbine ol viscoslity Shell
cStat40°C

lubricant

LIRS

54-75 Turbo Oil'6s

81-113 Turbo Oll 100 .
30-38 Turbo OI132 . .
54-75 . Turbo Oil 68

75-113 Turbo Oil 78°

54-75 Turbo Oil 68

30-38 Turbo Oil 32

30-38 Turbo Ol 32

Non-corrosivity to metals

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

The ASTM D 665 Rust Test is an mdustry labora-
tory procedure desugned to measure the rust-pre-
venting characteristics of turbine oil inthe presence
ofwater. Inthis test Shell Turbo Oils not only prevent
corrosion of asteel 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 with water is a frequent occurrence
in circulating oil systems, particularly in steam tur-

bines. This water in the presence of air may cause”

rustin ouch areas as the bearing housings and gover-
nor mechanism. Shell Turbo Oils effectively inhibit

corrosion of these critical parts, thus contributingto -

increased machine life and system reliability.

Fast separation of water

The rapid separation of water from oil is of para-
mountimportancein aturbine oil circulating 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
separationis 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 at 130°F (54°C). Shell Turbo Oils, because of
their careful refining, blending, and selection of addi-
tives, allaccomplish complete separation of water in
less than 30 minutes. By this test the oil's demulsibil-
ity is considered very good to excellent.

r,
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‘Table 2/Shell Turbo Olls for hydrauile
fluld and general purpos_a_l_gbdcantg'

Taple_e 3/Shell Turbo Olls for non-EP rust

ASLE i ASLE : Shel

Standard Identifying recommended
No. * . No. lubricant

ASLE 64-1 “H-150 Shell Turbo Oll 32
ASLE 64-2 t He215 Shell Turbo Ot 46
ASLE 64-3 T H315 Shell Turbo Ol 68
ASLE 64~4 H-700 Shell Turbo Ol 150
Good de-aeration properties

Intimate mixing of air and oil not only accelerates oil
oxidation and 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
allowingsufficient residence time in the oil reservoir
to permit air release.

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

u

»
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o

and oxlidation inhlblted gear olls
AGMA Equivalent Shelt
viscosity range recommended
AGMA No. SUS at100°F cStat40°C lubricant
1 183-235 37.1-454  Shell Turbo Oll 48
2 284 - 347 55.0-66.9 Shell Turbo Oil 68
3 417-510 80.2-98.1 Shell Turbo Oll 100
4 626 - 765 121-147  Shell Turbo Oil 150
5 918-1122 " 173-212  Shell Turbo Oi} 220
6 1335 - 1632 252-306 _Shell Turbo Oil 320

'
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. Taiﬂe 4/Shell Turbo Olls typlcal properties

ASTM ’

Shell Turbo Ol grade test 32 45 68 78 100 150 220 320 460
Code number . method 65602 65603 65605 65606 65607 65608 65609 65610 65611
Gravlly, ®*API D12g8 31 30 .29 30 29 27 28 27 28
Color DI500 1.0 1.0 1.0 05 1.0 20 40 50 . 6.0
Pour point, °F D97 15 0 -0 A 10 0 0 10 10 * 10
Fiash polnt, C.O.C., °F D92 400 425 460 460 480 475 480 520 X 530
Viscoslly, cSt at 40°C D44s 30.1 44.0 63.0 750 97.0 147 210. 305 420
Viscosity, cSt at 100°C D445 5.05 6.5 8.2 92 10.7 14 18 23 28 i
Viscosily Index D2270 92 95 95 95 94 93 93 a3 93 .
Neutralization No., TAN-C 0974 0.1 - 0.1 0.1 0.1 0.1 02 02 0.2 0.2 ;
Cu corroslon, 3 hr. at 212°F D130 1 1 1 1 1 1 1 1 1 .
Rusi test . DeesB i.° Pass Pass Pass Pass Pass Pass Pass Pass Pass
Interfaclal tenslon, 77°F, dynes/cm D971 20 20 20 — 23 25 -_— -— —
Emulslon test, minutes D1401 . 6 9 10 17 10 15 17 17 30
Turbine oll stabllily test, houts D943 2,000+ 2,000+ 2,000+ - —_ 2,000+ —_ —_ -— —_
Turbine oli stabllity test, MIL TOST, sludge, mg 14 15 18 20 20 —_ — — —
'Approved under MIL-L-17331G and Amendment 1. ‘

Shell Representatlve o \

Name R Address Telephone

Shell Oll Company Sales Ollices

Allanta

{404) 955-4600
. Easi Coast

. " . (301)667-0410
- Chicago

(312) 887-5500
Cleveland
(216) 842-4000
Detrolt

(313) 855-9000

Houston
(713) 526-4631

320 Interstate North Parkway

Atlanta, Georgla 30339

Suite 705, Executive Piaza Two

Hunt Valley, Maryland 21031

1415 West 22nd Street
Oak Brook, llinols 60521

7123 Pearl Road

Middieburg Helghts, Ohlo 44130

Sulte 145, 31275 Northwestern Hwy.

Farmington Hills, Mich. 48018

2001 Kirby Drlve

Houston, Texas 77019

Southern Callfornla 511 N. Brookhuist Street

(714) 991-9200
San Franclsco

(415) 820-7000
Northwest .~

(206) 453-3000
St. Louls
(314) 291-5700

Anahelm, California 92803
2401 Crow Canyon Rd.
San Ramon, Californla 94583

400 108th Avenue N.E. -
Bellevue, Washington 98004

* ” Suite 1000, 500 Northwest Plaza

St. Ann, Missourl 63074

November 1980
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COMBUSTION ENGINEERING. INC.

Date /72~ /6-83

® v- PAr=- 483
‘ Time s0:/5 A
TELEPHONE CALL RECORD
From -W@‘*%?)}-}M‘z of CE
To £ GovviER of APS

Contract Name and Number - /4 A2 PP //4273

Route: ___ . GLAZpnN {A)
S.E. G/4¢£Y -(C)
T & £r725/rmops (<)
D.S. kngpPre -(A)

Subject:  LoBpxcplew oF _ _APST _PumP - AMEQ

FER FE.X. GoVVIfR _Fam MNPP PYNES SI7E [PECORDS, TH/E
. LUBRICRIV/IV (SED Iy THE APSsZ )’aMPJ PAN

SHELL 7uRBo 48

C-E 0010042 (Rev. 9/76) Written By —_ %= XM-_
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for nucicar service

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

By ROBERT BARBARIN, Parker Hannitin 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-

-
-,y

7
&@.uc@?a @E}ES .

Cldsfpm_(_;‘c._Seaf‘f ”(7”' A/ue/ar'

Cember Tt

Ref. 21

Analysis No. 14273-9452-Q178, Rev. 00

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.

- PR

Compression set

- evemrera  mevdl

ing to the nuclear engineer while....__.Compression set may.be defined as..

completely failing the primary re-
quirements of seal engineers. To-
dday, a test has been daveloped
which promises to satisfy the
demands of both engineers. This is a
test to determine the compressicon
sat of seals which are simultaneous-
ly squeazed (as they would be whan
installed) and irradiated (as they
may be when in service) over
prolonged periods. The new data
provide criteria by which come-

the percent by which a seal fails to

return (o its original dimensicn after .

compression, expressed as a per-
cant 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-

~

" barriers.

Page Al9 of A22
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tasts are frequently omitted as con-
‘temporary-~criteria for nuclear seal
compound selection.

Ot the three major types of radiation

rom nuclear fission, only gamma
_rays are__nomnally considered a
hazard to elastomer seals that are
__completely enclosed in conventional
““metal graovés. Alpha and tweta ravs
are effectively stopped by thin meral
‘Gamma rays, “Howaver,
easily penstrate the typical elasto-
meric seal glands and cause sumu-
lative changes in the compounds
(see Table 1),

All elastomers tested to date havs
shown excessive compressinn sct at
10t rads, yet a number ¢f com-
pounds showed acceptatie come-
pression set at 107 rads of gamma

i B - g £t 00 % o

3 pounds may be selectad for long faces. . radiation dosage
¥ life, normally requiring replacement . :
3 ‘only during conservatively sched-" " Since this normally occurs before Therefora, no elastomer known (o~
- uled five-year reactor overhauls. tensile property changes, the tensile day should be considereg for
kY
4 Table 1, Elfects of gamma radiation on ths principal properties of elastomeric compounds most often considered
i for saals in and around nuclear reactors. Compression set tests were conducted at room temperature and 25%
1 deflection, for the number of days noted, while under radiation from ccbalt strips in alr
’i Generic or fadiation Hardnessin  Tensile Elongation Modulusin  Tesr Comprassion Set Test
L Base Polymer Dosagein PisonShore Strengthin in% @ Psi @ 100% Strength Days CSinsof
4 {Compound Rads “A’ Scale Psi @ Break Break Stretch in Ib/in, Deflec-  Original
’,5 No.) (Pts Change) (% Chanqe) (% Changi) (% Change) (% Change) ted Deilzction
| Silicone Qriginal ] 807 117 668 63 93 /16
3 {S455-70) 107 72 (+3) 733 (-9) 89 (-24) —— €3 (0) 93 314
K 108 85 (+16) — — - — 93 00.5
1 Silicone Original 56 1010 149 698 70 93 3.8
4 (S604.70) 107 69 (+3) 1020 (+1) 129 (-13) 833 (+28) 62(-11) 93 200
H 108 §5 (+19) a39 (-7) 31 (-79) — 29 (-59}) 93 92.4
{ £ Ethylene Originat 78 1450 213 639 164 93 16.2
{gPVM Propylene =107 ... 78 (0} 1220(-16) 176({-17) 740 (+7) 148 (~10) 93 46.5
3 (ES15-80) <~ 108 : 84 (+6) 1020 (-29) 79 (-63) — 71 (-57) a3 96.2
! Ethylene... ___Original. . 70 .. 2080.. -. .233 554 174 93 5.7
§ EPR _9Propyh.'ne 107 73 (+3) 2140 (+3) 194 {-17) 808 (+46) 163 (-6) a3 28.6
z [ (E740-70) 108 79 (+9) 17CC {-13) 96 (-59) — 70 (~€9) 93 90.5
¢ Fluorocarbon  QOnginal 75 1510 190 634 128 93 14.7 -
% {v747-75) 107 76 (+1) 1580 (+5) 130 (-32) 1120 (+77) 87 {-32) a3 6G6.7
. 108 88 (+15) 1180 (-22) 29 (-35) —— 82 (-36) 93 93.3
. Polyurethane  Qriqinal 66 3560 £82 342 306 56 17.1
] (PGA2.70) 107 67 (+1) 3570 {0} 491 (-16) 444 (+30) 374 {+22) 56 65,2
H . 108 66.(0) 1420 (-60) 201 (-GS} —-~ 146 {-52) 56 a4 .
i Fluaro- Original 68 . 1050 130 520 72 128 13.3
1 silizone 107 72 (+d) 668 (-33) 97 (-46) — — 128 G7.G
i (.L677 10) 108 84 (+106) - - — - 128 97.1
i: 58 & FOWEN ENGINEERINGDECEMOLI 1977
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VI TZLECORY =_203=688=1911 3=5172.

9 DR 83

Combustion Enginesring, Inc.
18030 Prospect HLLL R4,
Windscr, CT 06095

Atternliion: Mr, C. D. Blanchard
Dapt. 9487-403

'$UBJadty AWPP/Palo Verde Units 1,2,43 ‘\’R&SS'-\/-?Q&“ 23}
ubject’ : alo Verde Units 1,2, -

4X1L1CA-8 Stage HPSI Pump C:t=.§§{*3225{\
CE F.0,#9500088/91/94
I-R Orders 00L-36422/425/428

Gentlemen:

Pursusnt. to our phone conversation, the subject pump will
oparate succeasfully with the 300°F pump liquid temperature
with the bearing temperature not exceeding the 180°F limit.

To determine an actual value of the bearing temperatures,

a complex hesat tranesfer analysis must be performed since
thexe ars many factoxs that effect the final steady state
bearing temporature, To perform this analysis we will require
a ¥.0. for $3000 and to be about 3 to S weeks to complete,
Please advise 1f you have any questions,

Sincerely yours, b

dezxicle

REgay.

. . Field Service Englneer

Engineered Pump Division
PFFikab , .
e Mel . F. Antunea .

Mr."J.fGiammarinard””:”’
M. K. Schumann

ALL AGRISMHES CONTIHOTNT URON GTAIKES, AOLIDENTS AlKO OTHER OQHUITIONS BEYOND CUR GOMTRAOL. '
AL CORTRACTS ARE BUDJECT TO APPAQYAL B¥ A OFFICER OF THE QONAANY, QUATADIONS SURIECT 10 CHANGE WTHOUT HOTICE. | .




C-E Power Sysiems Tel. 203/688-1911

Combustion Engineering, Inc. Telex: 99297

1000 Prospect Hill Road )

Windsor, Connecticut 06095 -

A

:&uf,f3()\ﬂlfff3 '
xmvSYSTEMS

December 8, 1983
V-PCE-2814 -

——

Ingersoll-Rand ‘
Engineered Pump Division
942 Memorial Parkway

Phillipsburg, N.J. 08865

Attention: Kurt E.Schumann

Subject: ANPP Palo Verde UNits 1, 2 & 3
CA 4X11CA - 8 Stage HPSI Pump
C-E P.0. 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
Ingersol1-Rand: what are the temperatures of the inboard and outboard pump
bearings at steady state cond1t1on when punped 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
; D. R. Hade

DRW/CDB:rre
F43661
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Bechtel Power Corporation

1T g Engineers — Constructors

12400 East Imperial H:ghway

Norwalk, California 90850
MAIL ADORESS

P.O. BOX 60660 - TERMINAL ANNEX, LOS ANGELES, CALIFORNIA 90060
TELEPHONE: (213) 807- zooo

. ANPP
B/CE-E-43422
. MOC 237785 N ,
January 31, 1983 - FEB 03 '63 -
. V#
Combustion Engineering, Inc. v ﬁvic"‘)d / BOOK & £PI)

1000 Prospect Hill Road
Windsor, Connecticut 06095

Attention:

Dear Mr. Ferguson:

The enclosed qualification parameters are to be used for qualification of
NSSS supplied equipment for Palo Verde Nuclear Generating Station.

If you have any questions pleaser contact us.

WGB:BLA:kh

Enclosure::

EO
c.
R.
B.
MO
R.
W. L.
D. B.
Above

E‘
G.
Je..
D.
. J.
R.

ce:?

Alilel
PE & PA .P/{/ A
fO & 1D I/t/ —

. {I/"’

Mr. Charles Perguson, ) _ IcE | % ——
Project Manager T /‘1&14uL‘ CONTRACT
- . STARTUF , - i

Subject: Arizona Nuclear Power Project -] ol [

Bechtel Job 10407 aAn4%8

Environmental Qualification ISoe =

Parameters , v .

File: N.1.01.

- SEE SHEETS

AND /“%

DesignAToR T
= BUX %Lm —

BECHTEL POWER CORPORATION

W. G. Bingham 71 - - T

- Project Engineering Manager
Los Angeles Power Division

Very truly-yours,

* .

FSAR Table 3E~1 "Environmental Qualification Parameters”
Amendment 5, August, 1981 (14 pages, 1 copy)

Van Brunt, Jr.

Andognini

Bynum . -
Fasnacht ) : .
Allen

Holm

MacDonald

Amerine (Jobsite)

w/o enclosure

G. Bidwell (CE)

Above

w/enclosure




i . Table 3E-1 ] .

T-3¢

wpuaury

S Jus

TI86T asubny

ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 1 of 14) ’ |5
CONTAINMENT BUILDING -~ ENVIRONMENTAL DESIGNATOR I (1 of 2)
e . Design Basis Accident (A)
ondition (Includes 40 Year Integrated)
Normal/Abnormal , TIME =
Parameter (N) ' ‘LocaA MSLB | DURATION - (|5
Temperature 50 - 120 350 . 370 4 Min
(F) 350 350 8 Min
. 302° . 302 8 Hr
3 302-274 302-270 42 Hr
: 270-200 270-200)° 2 Wk- g
Pressure aTn, () 60 12 Min «g
(psig) S : - 55 8 Hr ©n
/ 25 42 Hr o
: L *10 2 wk P
Relative 20 - 90% Steam/Air Mixture
Humidity ’ ;
(%)
- |
Radiation 1x 107 3.3 x 07 Gamma . }
(Rads) 2 x 109 Beta (non-sprayed 5 |
(40 Year 8 enclosures) ) |
Integrated 1 x 10" Beta (all Gther |
Dose) ‘areas) ‘
Chemicals None o 4400 ppm Boron [
‘ " o 50. ppm Hydrazine . g
o pH adjusted to 7.0-8.5 o
' after 4 hours using o
Trisodium phosphate £
[N )
4

a. Structural Integrity Test Pressure = 69 psig,
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Table 3E-1

ENVIRONMENTAL QUALIFICATION PARAMETERS' (Shéet 2 of 14)
CONTAINMENT BUILDING - ENVIRONMENTAL DESIGNATOR I (2 of 2)

"for 40 year Iife for environ-
mental parameters

'Conéition_ )
Design Basis Accident
Parametet Normél/Abnormal LOCA/MSLB
Submergence None - Below Plant El, 91
3 3
Dust 1.52 uG/M 650 uG/M
Seismic 2 OBE'ss 1 SSE
{(Refer to Seismic Response (Refer to Seismic Response
Spectra) Spectra) : 1
: _
Dynamic Refer to Equipment Specifi- ‘Refer to Equipment Specifi~
. cations for requirements -cations for requzrements
Aging’ Equipment must be qualified Equipment must be qualified

for 40 year life plus DBA™
for environmental parameters

JE XIANIAGY-

~ Y¥S3T SONA4
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& Table 3E-1
§ ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 3 of 14) l '
™ MAIN STEAM SUPPORT STRUCTURE - ENVIRONMENTAL DESIGNATOR I1 (1 Of 2) 5
§ .
¥ Condition B Design Basis Accident (A)"
: ‘ . (Includes 40 Year Integrated):
1. Normal/Abnormal . -
Parameter . (N) , LOCA/MSLB. Time Duration
Temperature 28 - 120 300 (above: 15 minutes
© T (F) : El. 100')
Pressure ATM | . 21 (above 15 minutes 5
' (psig) . ) . El. 100!) . '
b=t Relative » |20 - 90% . . Steam/Air Mixture :
5 Humidity (abeve El. 100') - ¢
[} [ 4
(%) * ' ~ t
Radiation '~ |<10¥ . 10° . . -
(RadS) - e s . . o ' . . . .
(40 Year . . 6 - h
(Integrated ;] 10" (above El. 10¢') . . |5
Dose) . . .. )
Chemicals None None e
y ) %
3 ' &
5 2
o 2
l’f . w
n ‘ -t




 Table 3E-1
ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 4 of 14)
MAIN STEAM SUPPORT STRUCTURE - ENVIRONMENTAL DESIGNATOR II (2 of 2)

-

. for 40 year life for environ-
. mental parameters

Condition i ‘
Design Basis Accident
Parameter 'Normal/AbnOtmal LOCA/MSLB
Submergence -None None
Dust 1,52 1iG/M3 (Below El.’ 100') 650 uG/M3 (Below EL. 100')
. 61.3 uG/M~ (Above El. 100') 131 mG/M~ (Above El. 100')
Seismic 2 OBE's ’ 1 SSE .
- .o ! Do
: (Refer to Seismic Response (Refer to Seismic Response
: * Spectra) Spectra) '
" bynamic Refer to Equipment Specifi- Refer to Equipment Spécifi:"
) ca?ipng ﬁor;;gquiremqgts cations for requigemepps,
Aging Equipment must be qﬁalified Equipment must beuqdalified

for 40 year life plus DBA for
environmental parameters

JE XIaN3Idady
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Table 3E~1

'ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 5 of 14)

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

Design Basis Accident (A)

ISE

Condition (Includes 40 Year Integrated)-
Normal/Abnormal : Aux Steam " °% -

Parameter (N) LOCA/MSLB Break
Temperature 50 - 104 50 - 104 50 - 31sr (@)

(F) .
Pressure ATM ATM 1.5(P)

(psig)
Relative 20 - 908 20 - 90% 20 - 100%

Humidity L '

(%) /
Radiation 3.5 x 104 (accessiblé areas) 1l x 106 (accessible areas)

- (Rads) 1.25 x 107 (Volume Control 1.25 x 107 (Volume Cortrols,
(40 Year 9 Tank) ; 9 Tank) .
Integrated 2.7 x 10° (Purification Ion - 2.7 x 10° (Purification
Dose) Exch.) Ion Exch.)

Chemicals None None

a. Apbiicable to Class 1lE electrical cable only (Class 1lE cable éatisfies
" qualification envelope for containment)

_ b, Pressure is a transient effect (i.e., several seconds duration)

w‘s-_j -
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Table 3E-1

ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 6 of 14)

. AUXILIARY BUILDING ~ ENVIRONMENTAL DESIGNATOR III (2 of 2)

:(Refer to Seismic Response

Spectra)

Condition a _
Design Basis Accident
Parameter Normal)Abnormnl. LOCA/MSLB
i

Submergence None None

e o3 3.
Dust 1,52 uG/M 650 uG/M".
Seismic, 2 OBE's 1l SSE

(Refer to Seismic Response
Spectra)

Refer to Equipment Specifi-
cations for requirements

~

Refer to Equipment Specifi;.

cations for requirements

@ _ Dynamic
=

Aging'

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

- .~

: .2
Equipment must be qualified

for 40 year life plus DBA for

environmental parameters

© 3ETXIANIdaY -
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) Table 3E-1l | .
ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 7 of 14)

",
3
A
}

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

T86T 3Isnbny

Condition Design Basis Accident (A)
. (Includes 40 Year Integrated)
Normal/Abnoxmal ; :
Parameter (N) LOCA/MSLB !
Temperature Control Room 75+5 Control ‘Room 75+5
- (F) Elec. Equip. Rooms (El. 100') Elec., Equip. Rooms (El. 100')
60~77 60-104
Other 40-104 Other . 40-104
Pressure ATM . ATM ‘
(psig) . .
Relative Control and Elec. Equip. Robms Control and Elec. Equip. Rooms
Humidity (El. 100') 40-60% (El. 100') 40-60% }
(%) Other 20 - 90% Other 20 - 90%
Radiation <103 . <103
(Rads) ; 1
(40 Year
Integrated
Dose) . Lt
Chemicals None None

AT PV Y COOWWYA T
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Table 3E-1

ENVIRONMENTAL QUALIFICATION éARAMETERS (Sheet 8 of 14)
CONTROL BUILDING - ENVIRONMENTAL DESIGNATOR IV (2 of 2)

%

Condition : )
Design Basis Accident
Parameter Normal/Abnormal i LOCA/MSLB
. -;
Submergence None None *
3 .
Dust 1.52 uG/M 420 %G/M
Seismic 2 OBE's ) 1 sSE
(Refer to Seismic Response @ . (Refer to Seismic Response
Spectra) . Spectra) .
- H i
. o : | ,
Dynamic Refer to Equipment Specifi- Refer 'to Equipment Specifi-
cations for requirements cations for requirements -
Aging 'Equipment must be qualified. Equiﬁment must be qualified

for 40 year life for environ-
. mental parameters

for 40 year life plus DBA for
environmental parameters

]
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. Table 3E-1

.
.

ENVIRONMENTAL QUALIFICATION PARAMETERS (Sheet 9 of 14)
DIESEL GENERATOR BUILDING ~ ENVIRONMENTAL DESIGNATOR V (1 of 2)

2
Condition - Design Basis Accident (A)
: . g * (Includes 40 Year Integrated)
_Normal/Abnormal : : ’
Parameter (N) LOCA/MSLB
Temperature 50 - 122 (D.G. Control Room) . 50 - 122 (D.G. Control Room)
(F) 50 -.140 (D.G. Area) 50 - 140 (D.G. ‘Area) )
Pressure ATM ATM .
(psig) . .
Relative NA .. NA
Humidity .
(%) - N
. e s " an3 ) 3 -
Radiation - <10~ . <107,
(Rads). LA . 1 )
(40 Year
Integrated .
Dose)
Chemicals None None . -

*3E XIANIddY
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Table 3E-1

ENVIRONMENTAL QUALIFICATIQN PARAMETERS (Sheet 10 of 14)
DIESEL GENERATOR. ~ ENVIRONMENTAL DESIGNATOR V (2 of 2)

-

. for 40 year life for environ-
-mental parameters

Condition : . ) )
g Design Basis Accident
Parameter ; Normal/Abnormal LOCA/MSLB
Submergence NBne None
Dust 1,52 UG/M3 (D.G Control Room) 420 uG/M3 (D.G. Control Room)
: 61.3 uG/M” (D.G. Area) . 131 mG/M~ (D.G. Area) .
Seismic 2 OBE's ' 1 SSE
(Refer to Seismic Response (Refer to Seismic Response
Spectra) Spectra)
Dynamic Refer to équipment Specifi=~ Refer to Equipment Specifi-"’
cations for requirements cationg for requirements
" Aging Equipmené must be qualified Equipment must be qualified

for 40 year life pl