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R TENNESSEE VALLEY AUTHORITY

CHATTANOOGA, TENNESSEE 37401
400 Chestnut Street Tower II

April 6, 1984

Director of Nuclear Reactor Regulation

Attention: Ms. E. Adensam, Chief
Licensing Branch No. 4
Division of Licensing

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

Dear Ms. Adénsam:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

Please refer to my letter to you dated March 9, 1984 which provided the
results of evaluations assessing the environmental qualification of the
safety-related mechanlcal equipment at the Watts_Bar Nuclear Plant. Also
transmitted were the complete qualification packages for three components.

Our submittal of March 9, 1984 inadvertently included erroneous information.
Specifically, (1) several components were omitted from the initial equipment
list and thus were not included in the summary of evaluations, and (2) the
lubricant evaluated for the NSSS mechanical equipment was not the lubricant
actually used. Enclosed are revised summary sheets 3 and 6 and the proper
evaluation for the NSSS equipment lubricants.

Please note that our previous submittal stated that the radiation-sensitive
subcomponents of the 12 components identified as category 'D' (material
replacement required) would be replaced before exceeding 5-percent power
operation. Justifications for interim operation up to 5-percent power
operation were provided for these components. It has now been determined
that these material change-outs will be performed before fuel load.

If you have any questions concerning this matter, please get in touch with
Dave Ellis at FTS 858-2681.

Very truly yours,

TENNESSEE VALLEY AUTHORITY

) L M. Mill %r

o ’ Nuclear Licensing
Sworn and subscribed b fore me
this L4 Z?i day of

Notary Publch .
My Commission Expires 04
Enclosures (2) l\\

8404110114 8383830 . 1983~TVA 50™ ANNIVERSARY
KDR ADOCK 05 ~ PDR : An Equal Opportunity Employer
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Director of Nuclear Reactor Regulation April 6, 1984

ce: U.S. Nuclear Regulatory Commission (Enclosures)
Region II
Attn: Mr. James P. O'Reilly Administrator
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30303
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MECHANICAL EQUIPMENT QUALIFICATION

EQUIPMENT LIST INSIDE CONTAINMENT - HAR.4 ENVIRONMENT
SYSTEM (Name 8 Number) CHEMICAL VOLUME AND CONTROL - 62

e e e e e o e e i e 2 e

Rl

VK YT TVK CORPURERT 21 TCORTRACT 11 37 1] T TSUBCORPONERT | |
MEQ 10 | LOCATION NG [ 10 KUMBER | EQUIPMENT NAME  )NUMBER & HODEL | LOCATION n$SS180P |LISTING SHEET HOTE
T T~ ; T T
1010 | 1-8112 1-FCY-62-61-8 _GATE MOY 54114 W EMD 4GH72FBH R-2/282/716-1C | X 0060-508-00) A
o1 | 2-8112 2-FCY-62-61-B . . . . . . A
| : T T |
[ 1012 | 1-LCY-460 1-FCY-62-69-A GLOBE ADY . FISHER 31A88RG - R-2/132/716-1C | ° 1 0060-508-006 | C _
i I I T
{ 1013 | 2-LCY-460 2-FCY-62-69-A | . * . . . . i _C
| { T
: 1014 | 1-LCY-459 | )-FCV-62-70-A | N . . R-2/130/716-1C | * . | C
T : T
[ 1015 { 2-LCY-459 2-FCY-62-70-A * . . ] * [ " | C
| : T T 1T 1
1 1016 | 1-8149 A 1-FCY-62-72-A . . FISHER 21A78RG | R-2/47/703-1C 1 * | " C
| | | I
| 1017 § 2-B149 A | 2-FCV-62-T2-A | . . 1 N | . [ | . C
| T T T T I T T
i 1018 | 1-8149 8 | 1-FCV-62-73-A | . - i * R-1/48/703-1C 1 = | 1 . i _C
| I T | I T 1 ¢
|l 1019 ) 2-8149 B | 2-FCV-62-73-A " . - N P | " }
| 1 1
} 1020 | 1-8149 C | 1-FCV-62-74-A - . . R-2/49/703-1C 1 ° | | : C
N ] 1 T
f 1021 | 2-8143 C | 2-FCV-62-74-A ] N ) . | * . " | * C
} T 1 T 1 : T I T
| _1021A | W/A 1-FCY-62-76-A | ® . | FISHER 21A88RG | R-2/748/703-1C 1 * | i : i C
| T I T | 1 T ¢
1_10218 | N/A 2-FCY-62-76-A | . . | . [ . * | N 1
For Referernces see Page ! Prepared by: _ N\ _ Date: 2[!0[9{ -
: \wi
Reviewsd by: _ ¢ A/ Date: 2 -yv -9
Reviston i
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MECHANICAL EQUIPMENT QUALIFICATION

EQUIPHENT LIST OUTSIOE CONTAINMENT - HA:SH ENVIRONMENT
SYSTEM (Name § Mumber) CHEMICAL VOLUME AND CONTROL - 62

| T WK YT YVK COPPONERY 21 TORTRACY YT WANGFACTURER 3 L] T SUBCTHPUNERT . ‘
} MEQ 1D | LOCATION NO | 1D NUMBER }  EQUIPMENT NAME  |NUMBER ] 8 MODEL LOCATION  |NSSSIBOP ILISTING SHEET NOTE

T 1 T T T ’ | ] |
: 1058 | 1-8497 | 1-CKV-62A-519-5 | CHECK VALYE |_S4114 | W EMD 3C78 i x 1 | 0060-508-012 A I

T T T T T T T
11059 | 2-8497 | 2-CKV-62A-519-5 | . P . B . A |
| T T =T | T T T 1 ‘ ‘ |
| 1059A | 1-8481 A | 1-CKV-62A-525-A | . | " | W EMD 4C78 | 1° | * A
| 1 T T T T T T T 1 T i
| 10598 | 2-B4B1 A | 2-CKV-62A-525-A | N [ | . | 1° | [ " I A |
| T T T T T T T 1 T l |
1_1059C § 1-8481 B | 1-CKV-62A-532-8 | . | | . i [ y A
| T T ; T 1 T T T T 1 | |
I_10590 | 2-8481 B | 2-CKV-62A-532-8 | . I | . ] R . | A ]
| T T T T ] T 1 T | A !
|_1060 | 1-8442 | 1-CKV-628-930 | ~ 1 . | W EMD 3C72 [ | * [ l
| T T T T T T 11 T A !
11061 | 2-8442 ] 2-CKV-628-930 | * | - | * [ [T | . | |
| T T T T T T T 1 T T |
| 1 1 | ] | | . | | | | |
| T T ] T o | T T T T T i
} | I | | | | | | | | |
| T T N T L T T T T l |
| | | | | | | 1 i | .
| T T T ] T T T T T 1 1
| 1 | | i | } | | } | |
| ] T ] T T T 1 T T 1 |
| } | | | | | | | | | I
For References see Page | Prepared by: \\_ Date: _?Im [2'\

N !
Reviewed by: (A Date: D-is-8Y
Reviston i
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. - TVA EVALUATION OF LUBRICANT FOR NSSS EQUIPMENT

It has been determined that the only lubrication used on NSSS equipment is
a turbine oil with a viscosity of 150 at 100°F and grease. The turbine
0il is Ideal Plus manufactured by ARCO. It is used in the lubrication
system for the containment spray, residual heat'removal, spent fuel pit
cooling system, centrifugal charging and safety injection pumps. The
grease is NLGI-2 and must meet TVA specification 18.009. It is used in the
jubrication of the couplings for the containment spray, centrifugal
charging and safety injection pumps.

The table below is a cross-reference between the environmental and the MEQ

ID.

1 2 3
Max. temp. 110 218 128
40-yr Nor. Rad. 1E6 1E6 SE2
Total Rad. 1.1E7 1.1E7 1.05E4

1 - MEQ ID - 1296~1307
2 - MEQ ID - 1308-1311
3 - MEQ ID - 1312-1314

Pump MEQ ID
. : Centrifugal Charging - 1296-1299
Safety Injection 1300-1303
Containment Spray 1304-1307
Residual Heat Removal 1308-1311
Spent fuel Pit Cooling 1312-1314

- Material capabilities of the Ideal Plus turbine oil is as followé:

Threshold (RADS) - 9E6
15% Property Change (RADS) -~ 9E7
47% Property Change (RADS) -~ 2.TE8

Radiation information was obtained from TVA reference M-27-i.

Per ARCO specification sheet A.R.C0.-2100-219A G8, Ideal Plus is designed
for applications where oil is exposed to temperatures in the 500-T00°F
range. 0il has outstanding resistance to oxidation at high temperatures
(up to UOOCF). :

Based on the above, the subject turbine oil is acceptable for use under
this qualification program. -

‘ - GO4O4Y .02




‘ Material capabilities of the NLGI-2 grease is as follows:

Threshold (RADS) - 1E7
20% Property Change (RADS) - 6E7

Radiation information was‘ obtained from BOP reference 170-83, Lubrication
Fundamentals, J. George Willis, Mobil 0il Corporation, and TVA reference
M-27-1.

TVA Standard Procurement Specification 18.009 requires two elevated
temperature tests. The wheel bearing test is done at a temperature of
220C0F for 6 hours and the high temperature beater test is done at a
temperature of 320°F for 6 hours.

Based on the above, the subject grease is acceptable for use uhder this
qualification program.

Prepared By j / ,%*‘Date 3'/3-82
4 Date lérzg" %

Reviewed By

Revision

. GO4ou4 .02




Ideal® Plus Oil

Atlantic Richfield Company Is introducing & new rust
and oxidation inhibited petroleum lubricating oil at
the top of its gas turbine ol line. Called Idea!” Plus
Oil, it is designed specifically for use in the latest gas
turbines where oil is exposed to temperatures in the
500-700° F. range.

Chief Features of ideal Plus Oil

High temperature anti-oxidants de\)eloped for this
product by Atlantic Richfield Company are designed
to provide:

Excellent thermal stability —even when used in the
latest model, most demanding gas turbines;

Tolerance for ‘*heat soak’’ following turbine
shutdown, for maximum resistance to carbon
formation in interior bearings;

Outstanding resistance to oxidation at high
temperatures —which helps to extend service life
beyond normal oil change period;

Long TOST (Turbine Oil Stability Test) life. This
product has been undergoing tests for more than
10,000 hours, and samples indicate that it still is in
serviceable condition. - -
In addition, the anti-oxidants themselves do not sublime
out of the oil in service such as occurs with conventional
anti-oxidants used at elevated temperatures.

Fully inhibited against foaming and air entrainment.

AR.CO.-2100-219A G8

AtlanticRichfieldCompany <&

.

Other Features

Helps to resist formation of coke and vamish deposits to
assure equipment protection, to reduce system cleaning
and to lower filter and oil replacement frequency ’

Fully inhibited against harmful rusting and foaming to help
assure continued protection of equipment

Has high “interfacial tension,” which means that it.
separates quickly from water, thus protecting circulating
systems against harmful contamination

Applications

ideal Plus Oilis being used in a number of the 7000 Series
of Gas Turbines manufactured by General Electric.

This product also can be used in various other kinds of .
equipment where premium performance is required: Such
equipment includes:

o

Oil flooded rotary air COMpressors;

Machines or machine components having oil
impregnated bearings;

And in applications requiring outstanding resistance to
oxidation at high temperatures (up to 400° F.).

The Ideal Plus Oil is recommended for applications
experiencing foaming and air entrainment that is using an
oil containing a silicone foam inhibitor. To reduce this
problem and to obtain maximum performance, the oil
containing a silicone foam inhibitor shouid be drained and
replaced with a fresh charge of Ideal Plus Oil.

(Continued)

5175 219




idea! Plus Ol
Typical Properties

ideal.“ Plus Oil

Tdeal

. Acid No. Increase

ASTM Test
Method Pius Oil

Gravity, *API D 287 320
Flash Point, °F D 92 430
Viscosity,
SUS at 100 *F D 2161 162
SUS at 210 °F 447
Kinematic at 100 °F, ¢St D 445 34.6

- Kinematic at 210 °F, ¢St 5.62
Viscosity Index ) D 2270 110
Color D 1500 L1.5
Pour Point, °F D 97 -25
Neutralization No. D 974 0.1
Corrosion D 130 1A
Carbon Residue, % D 524 0.04
Rust Test, Procedure B, 24 hrs. D.665 No Rust
F~am Test, ml D 892

vence | 10/0

Sequence 11 - 20/0
Sequence it 10/0
Oxidation Stability D 943
‘Hrs. to 2.0 Acid No. 10,000
Corrosion and Oxidation
Test FTM 791b-5308.6 -
72 hrs. 1347 °F
Vis Change, 100 °F., SUS, % Increase 3.0

+0.2
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Chapter 44

NUCLEAR POWER PLANTS

By E. R. BOOSER

Materials and Processes Laboratory
Large Steam Turbine-Generator Dept.
General Electric Co.

The growing spphcation of nuclesr power plants for generation of electricity and
for ship propulsion has created a pumber of new types of Jubricatiop problems
Farst, radistion eflecte must be considered ip applying lubricants ‘to many plant
compopents Second, s combinstion of radistion with ap upusual epviroument
must be considered for devices operating in the water, hquid metsl. hot gas, or other
fuids used to carry beat out from the reactor Finally, considerstion must be giver
to improve rehability because of reduced accessibilty to lubricants and Jubricated
equipment ip locations where 8 failure could lesd to serious consequences.

Thie chapter will outhne some applications problems and experiencet iD puclear
plants. In considering apy specific lubrication design or spplication problemx,
principles given in preceding sections of thi: Handbook should be considered  Estab-
lished lubricants and lubricant technology will, for instance, serve most peeds of
turbines, generators, motors. boists, and other plant accessories. Basic lubrication
principles will also serve as useful guides for control-rod drives, for bearings operating
in water or liquid metals, and for otber unusual conditions peculiar to stomic plante.
I the following review, consideration it first given o the eflect of radiation on oils
and greases. This is followed by a genersl consideration of lubrication problems in
puclear power plants Finally, guides are given for water sod Lhiquid-mets] lubrication

EFFECT OF RADIATION ON LUBRICANTS

Radiation damage to petroleumm oile and greases in & puclear plant results primsriy
from jonization as 8 secondary efiect from -bombardment of lubricant molecuies by
fast peutrons, slow {(or thermal! neutrons, and gamma rays emansting either directly
or indirectly from the nuclear reactor} Fast peutrons cause damage primsriy by
colliding with hydrogen stoms in .the lubricant molecules and ejecting bydrogen
puclei as recoil protons. The ejected protons then interact with orbits) electrons
to ‘produce molecular excitation and ionization. Gamma radistion excites and
causes ejection of orbital electrons with resulting ionization of the lubricant molecule
Damage by therms! neutrons results primarily from tbe capture of these neutroas
by the nuclei of bydrogen atoms with subsequent emission of bigh-energy gamme
radiation. Neutron radiatiop exists primarily io and immediately adjscent to the
puclear reactor itsell. Gamma raye may also be encountered from the coolant
-1 : :
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Buids, after their activation in the resctor, a& they pass through the external flow tures, oxidstion
system. . rads the damage
Sipce the mechanism is somewbat similsr in sll cases, the degree of damage suffered however, viscomty

by s lubricant depends primarily on the total quantity of radioactive energy shsorbed gives increasiog

2 whetber it be from peutron bombardment or from gamma radistion ! The common trisl petroleum oils }

ecergy unit for expressiog absorbed dosage. the rad, 15 equal to 100 ergs sbsurbed per
gram of material. One rad for oil is approximstely equal to one roentgen, the roent-
geo being commonly used ip bealth pbysics 85 & measure of ionizing gamms radiation ’ 2%
Radistion doses can be spproximsately converted to rads of epergy absorption for )
difierent types of lubricating oils by use of the factors in Table 1.} For example, the

i Table 1. Energy Absorption by Oils for Yarious Types of Radiation 3 G
(From rel. 1) - g
- 8
" Dossge equivalent to ) rad - ey
i < 2.
¥ 0il type _ Thermsl ° Fast Garmms energy Y
: " npeutrone ' . } £1,000
. | nbeutron:® | H = )
neutrons ~ | neutrons’ i - -3 X
8q cm ' ’Q cm |Photons 'sq emt  Roentgens : _ YA s
. o . ! ' : 4 509‘ . R
: . 3 e
Petroleum .. ..... . .. 2 63 x 10'° 2 10 x 10* 1 85 x 10°* 103 . S e Qﬁ
Diester S 292 %100 | 249 X100 2 01 x 10* 1 05 " ' o {7
Dllgelh_\'l silicope . ... .. 4 25 X 100 3 72 x 10° 1.78 x 10* 0 93 8 mw Co
Alkylbenzene ... ... .. 5 60 x 10! 2 36 x 10°* 1.98 x 10* 1 04 4 . . - Lol
Polyglyeol. .. ... .. 5.25 X 10" 3 92 x 10° 2 09 x 10° 110 ) 160 o 4
: . 0 g !
#iFast neutrons 2 1.0 mev. 5 ’ . oL

¢t Gamma photone, average energy = 1.0 mev. . )
N ; Fio. 1. Viscoaity chasgs of indas
rads absorbed by a petroleum oil in a radiation field of 10%° therma! peutrons/sq ¢m /#€c, P S

10* fast peutrons,/sq cm/sec, and 50 r/sec of gamma radiation would be estimsated . For many lubricant nppbcaw 8 d
a8 f0u°‘~8: Im F Viscosily can be uken g_'.-'..w, |
10° th. n.i/sq Cm 'set 0.4 rad /sec - seldom change the jubnicant quy |
2.63 X 10 ' ‘ ' dosage will result in more rapid thxckea®
10* {.n./sq cm /sec SRR o : S '
a0 x 10 - 48 rads/sec i Table 2. Radiation Tolores
50 ) < N (Refereness (B
_-Y - n d 1, - .
103 48.5 rads/sec ; .
Total = 53.7 rads/sec . : od
| 15 10" rads were the iimiting radiation dose for the oil, its life would be . 'Peér:lgul?:ﬁdwmouw .(-l‘«-
‘ 10! rads 8AE 20 nu.wm&d(v;) (1‘
; 537 radejsec ~ 186 X 10 nec : e ol @) .o
| or about 520 hr. : Marines engine ol (). -

Bteam cylinder od @) -
Bynthetic: :

For other types of materials than those indicated ip Table | or for more exsct
Dicator MIL-L-£083 )

estimation of the dose to be expected from s particular source, reference should

made to more detailed nuclear data. Tbe overall deterioration rate of » lubrican® 1 .

will be determined not only by the radiation level but also by the temperstur® : i;’g.?::::::(nl?.-“-!

availability of oxygen, coptamination, presence of catalytic metal surfaces, mowsture Motby! silicone (1) -~

and other service factors. . . Methyl phenyl slicon® (
0il. Damage of oil by radiation results primarily from cross lioking and polymer” M Tetraaryl silicste (1)

Dichlorobipheayl (1) -

zation as aftereffects of ionization. lo the presence of oxygen and high tempes®®
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x 30! 178 X 100 083
X100 P 1 9% x 100 1 04
v 10 { 2 0% x310° 110

&
etld'of 10" thermal nevtrons sq e /pec
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rad /sec
4.8 radesec -

48.5 rads ‘sec
53._7 rads ‘sec

the oil, its life would be

X 10t g

®
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tures. oxrdstion rens tions mey ala bepvolved Wit dosuge: belew aboyt 1 X 10
rade the dan.sge U ar 01! wili generally be manor Witk larger sn.ounts of radiativn,
however, VIsCoBIty Inerease: approximately logsrithnueally ac further arradistion
gives incresmng molerular sz Thir characteristic ir shown for a numbcy‘of tndus

tria! petroleun. oilean Fag ) ?

20,000

10,00¢ S i i

5,000 ‘:i
} A
\)Q°\(4“:/
2,009 S &" o2

1,002

VISCOSITY, SSU AT 100°F
‘1\
%

500 >
o o b
200 ) S o

2 4 3 8 ©
GAMML DOSAGE, 10%

10C
0

F16. ). Viscosity change of industria! petroleum oile with irradistion.®

For many lubricant applicationt, a dose which gives a 25 per cent increase in
100 F viscosity can be taken as s tolerance limit. Lower radistion absorptione will
seldom change the lubricant sufficiently to interfere with its performance. Greater
dosage will result in more rapid thickening, sludgiog, snd operating trouble. Table 2

Table 2. Radistion Tolerance Limit for Several Oil Types
(References given in parentheses) . .
Toleronce limat,
10° rads for 25 % sncrease
Ol n 100 P risconty’
Petroleum:
SAE 10 automotive (). ..............
BAE 20 automotive {1)............... 0
Light turbine ol 3) . .................
Machioeoil (3)........ ..
* Marine engine oil (3) ...
Bteam cylinder ol (3)..
o By nthetic:
Dieste- MTL-L-8085 (4) ........... .. 1
. Polypropene oxide (})................ 1
' Al lbeazene (1) ...l [
Metbyl sibicone (3) ... .. <1
Metby! pheny] aiicone (2)......... ... (l’
3

woOCromnw

o © ow

Tetraan) wlicate {1).................
Dichlorobipbenyl (1)............... ..
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44 LUBRICATION OF SPECIFIC INDUSTRIES

gives approximate tolerance limits for several types of oil from Lterature data.
These values may vary considerably with the hase stocks and additives used. Since
aromstic oils have the greatest radiation stability. even the degree of refning can bave
s proaounced influence.?

The eflect of radiation on the physical properties, oxidation resistsace, foam
c_:hnraclens!ics, and wear resistance of a conventional 150-33U turbine oil i3 indicated
ip Table 3. At radiation dosages of both 0.9 X 10% and 2.7 X 10’ rads there was a
decided d{op'iq oxidation stability along with 3o increased susceptibility to foaming.
The rust inhibitor also appears susceptible to damage by radiation, but addition of
frgsh rust inhibitor to the irradiated oil restores its rust-prevention properties. In
this study, a oumber of turbine-oil formulations evolved about 0.05 ml of hydrogen
gas per gram of oil per 10¢ rads of radiation. ’

) Qmse. .Convemional greases consisting of petroleum oils thickened with sodium,
lithiym, calplum, or other soaps have relatively poor radistion stability. At radiation
doses ranging from about 107 to 10* rads, sigoificant breakdown of the sosp gel

’ :r-ble 3. Effect of Radiation on Conventional Petroleum Turbioe Oil.
(From ref. 5)

Radistioo dosage. 10* rads

I o ! 9 I 45 % l 270
‘iscosity, SSU: . i l ’ | |
AVIOOF. . ... . P1524 (1551 [ 1628 | 1745 | 224
.‘A(ZlOF,. R . .o . 438 ;. 441 E 4 6 45 5 ’ 49 2
Viscomty index ......... e (108 16 1110 109, 112
Gravity, °APL . . . - '315 315 ' 313 | 314 ¢ 307
Coloss ASTM . ... .. . S 10 . 10 | 125! 1251 28
Flash.poist. OC. F......... ST 430 410 405 | 415 295
Fire gont, OC,F................. ... 485 . 470 l 475 | 485 475
P'our point, F... ... . e 0 l 0 [} 10 10
Neutralization No.. mgof KOH/g. . . | 009, 004 i 003 001 I 00!
H | ..

strycture can be expected. With this breakdown there is an increased softening of
the gresse to the point where it may become fluid. At even higher dosages, the
polymerizing effect of radiation on the oil used in the gresse will eventually result
in an overall hardening effect. Some greases using radiation-resistant oils with
thickeners such as copper phthalocyanine, a sodium amate, calcium complex >08p.
au wndacthrene dye, or clay particles appear capable of withstanding doses of w
rads while still maintaining satisfactory coasistency for lubrication purponel-°"

Syn!helic Lubricants. Many syothetic oils are somewhat more unstable under
radiation conditions than are petroleum oils. This is surprising in view of the excel-
lent thermal and oxidation stability exhibited by methyl silicones, diesters, silicates
snd some other synthetic fluids. The tolerance Limits for 'seve;-al svn!h'eucs and
petroleum ous are compared in Table 2. Petroleum oils are seen generally to have 8
higher tolerance limit than synthetics.

An exception is the high order of stability posuble with syathetic oils conawtng
of aromatic hydrocarbons. Alkyl benzene fluids have been used, for instance. o
produce oxl; wx}h improved radiation resistance '* The subnlily' of siliconcs &
increases with increasing proportion of aromatic structure® With aromatics the
lb_sorbed energy apparently goes to a large extent into harmless resonant encrkY o
the aromatic ring structure. This reduces the degree of damaging jonizativn 38
free radical formation which occurs on a much more general basis with the chainhike
structures in paratfinic oils or in the saturated riog structure of naphtheait v

vt g

'NUCLEAR POV,
LUBRICATION PROBLEMS IN"

Nuclear power plants all bave several cc
where splitting of large atoms such as uraiu
through the reactor to carry away the hesl
verting the heat to electricity. The systn
reactor and in the fuid system uzed for ren

The principal components in some typicsi
schematic diagrams of Fig. 2. - Radistion
Table 4.+ In general, the lubrication pro!

‘tiops: first, those in the very high level of &

to the nuclear reactor itseif and, zecond, th
pumps. turbine, generator, etc., more remot:
shielding. Lubrication within the nuclear
water, iquid metal, or dry sliding because .
higb level of radiation on any pormsl oils
lower levels of radioactivity, many bearing :
ot very sirnilar to those ia conventiodal"

Table 4. T)‘pipu! Radistion

(From 1

Typeofplspt. . . ... coooono Boiling

water

Turbioe i e ! 0 1
Coolant circulating pumps or com-; :

Pressors .. .. ... cee 10

Remote fuel-handling devices . ... | 0-1t

Cootrol-rod drives. ... .......- .. l 0 1-1:

generating stations. Although individual -
sidered separately in almost every case,
considerations with each type of plant.

Pressurized Water Recctor. Most ©
United States use water to remove heat {»
(PWR. system, water carryiog heat away,
pressure of approximately 2.000 psi. Th
reictor then goes to a heat exchanger whers
The steam then passes Lo a stearc turbine-

o these PWR systems, water s used fc
componeats in the primary water circuit.
thrust bearings in water-circulating pump
regulate the power level of the reactor, a
itsell. A review of some considerations ir
io this chapter. )

Table 4 indicates that radistion levels {a
system are 30 low that conventional petr:
steam turbine-generator, condensate pum
ventiooal petroleum oils. Hoists and oti
and in handling used fuel rods will vary gr
they are exposed. The drive portwas of
radiation by a-height of water whih ey’
reactor during refueling operations U
are usually used with oo difficulty
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CIFIC INDUSTRIES

! tapes of oil from hterature dag,
s stock- and additives used  Bipe,
. even the degree of refuing can bave

properties.. oxidstion resistance, foap
entional 150-SSU turbine o1} 1a Indicated
Y X 10 a5d 2.7 X 10° rads there was 5
Y a0 increased susceptibiity o foamp

© damage by radiation, but addition of
DTes IS rust-prévention properties g
tons evolved about 0.05 m! of bydrogeq

:f petroleum oils thickened with sodiupy,
y poor radiation stability. At nduhon'
ngoibeant 'brukdown of the sosp gel

er;lionnl Petroleum Turbine Oi]
)

Radiation dosage. 10 rads
H [ 1
° ! s 1 % i 270
) ' ‘ |
| !m)‘,wzs 1174 8 lzu
l]d(lg~ﬂ:6;465,492
rtie e 10 gy
© 315 33 314 g0
i 10 125 125 24
| 410 405 1 418 1 295
’ 0. a5 lass | grs
[0 1 0 10 g
tal_ocu| 3, 000 oo

there is an increased softening of

Juid. At even higher dosages, the
«d in _v.he grease will eventually result
es usiog radiatiop-resistant oils with
" sodium amate, calcium complex soap
capable of withetanding doses of 10*
1sistency for lubrication -purposes -
us are somewhat more unstable under
This 1s surprising in view of the excel.
by mAelb_\'l silicones, diesters, alicates,
oce limits for several synthetics and
eum oils are seen generally to have s

possible with synthetic oils consisting
4de bave been used, for nstance, to
we ' The stability of silicones also
Jtic structure® With aromatics the

sent ipWw barmless resonant energy in
e degree of damaging ionization and
suore geoeral basis with the chaiolike
:d ring structure of napbthenic oils.
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LUBRICATION PROBLEMS IN NUCLEAR POWER PLANTS

Nurlear power plante all have neveral con:mof. chare-terirtict an slomic reactor.
where sphtting of large stonis such s« uranmun:-24% pruduces heat, a fuid circulating
through the reactor W carry away the heat, and a stesn. turbine-generator for con.
verting the heat to electricaty The sxstems differ grestly 1n design details of the
resctor and 10 the fluid sy etem ured for removing 1ts heat ]

The principal components in some typics! nucles: pow er plants are indicated in the
schematic diagrams of Fig. 2. Radiation levels for plunt components are given in
Table 4 ' In general. the lubrication problems may he divided ioto two cleasifica-
tions. first. those in the very high leve! of radiation withic and immediately adjacent
to the puclear reactor itsel! and, second. those at the much lower radiation levele in
pumps, turbine, generstor, etc , more remote from the reartor and outside the primary
shielding Lubrication within the nuclesr reactor must generally be handled with
water. hiquid metal, or dry shding because of the destructive effect of the extremely
high level of radiation on say norma! oils and greases  In other locations having
lower levels of radioactivity, many bearing and lubrication requirernents are ideotical
or very smimiar to those in conventiona! equipment in use 1o fossil-fuel-powered

Table ¢. Ty pical Radistion Levels in Nuclear Plaots
(From ref 11)

' Lubricaz: dosage level,Audo ‘hr
i
i i

Pressunized CO» cooled 'Liquz'd

Type of plant. : Boiling ;
water l wate: ) i metal
Turbine o 0103 ; <10 <10-¢ <107
Coolant circulating pumps or com- | X ,
pressors .. S 1010 | 10=10* '+ 10 | 1010
Remote fuel-handling devices . ...r  0-10* 0-10 " 0-10*
Control-rod drives. .. ... .. . . i 0 i-10" | 16-10? 01-10

generating stations. Although individua! equipment couditions will have to be cor-
sidered separately in almost every case, the following will indicate sorne general
considerations with each type of plant.

Pressurized Water Reactor. Most nuclear power plants in operation in the
United States use water to remove heat from the reactor. In the pressurized water
(PWR) system, water carrviog heat away from the reactor is maintained at a high
pressure of approximately 2,000 psi. This pressurized. heated water leaving the
reactor then goes to & hest exchanger where steam 1s generated in a secondary circuit.
The steam then passes to s steam turbine-generator for producing electricity.

In these PWR systems, water is used for bearings and sliding parts of operating
cornponents iu the primary water crcuit.  Water is called on to lubricate sleeve and
thrust bearings in water-circulating pump motors. drives for the control rods used to
regulate the power level of the reactor, and some sliding parts within the reactor
itself. A review of some considerations involved 1o water lubrication is given later
in this chapter.

Table 4 indicates that radiation levels for other components of a pressurized water
system are so low that conventional! petroleum lubricants can be used. Thus, the
steam turbine-generator, condensate pumps, and related €quipment can use con-
ventional petroleurn oils. Hoists and other devices used in refueling the resctor
and io handling used fuel rods will vary grestly in the amount of radiation to which
they are exposed. The drive portions of such devices are generally protected fron.
radiation by a beight of water which extends 20 ft or more above the top of the
reactor duriog refueling operstions Coosequently. pormal petroleum lubricant:
are usually used with no difhculty. . Co-
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Lubrication Fundamomals
J. GEORGE WILLS

About the book . . .
_LUBRICATION FUNDAMENTALS is s basic textbook and practical onpinsoing

reference work for ail those concerned with the operation and maintenenso of mnaehined.
literature and the og sruilng e

This book bridges the gap betwesn the highly technical
ve and detalied sccount ¢ the cnited

maintenance manuals by presenting & comprehensi
technology of lubrication. The book contains discussions of the basic progucts. W

machine elements that require jubrication, the methods of appiication, the 252CIRE

machinery lubricated, the handling and storing of jubricants, and the conpenvalion L4
need for fubrication, the fector® arkeetiang

jubricants. Every chapter aiso discusses the
lubrcation, and lubrcant selection. There is & chapter on the new fleid of oynihstis

lubricants as well.

LUBRICATION FUNDAMENTALS is profusely Hiustrated with over 300 dlegrems. gropad,
be of great aealytonca

tables, and dictures, many of which are In two colors. This book will

10 those who need 10 understand the technology of 'ubrication and 10 thosd who newg 10
make use of I, inciuding angineering students, machine designaers, ubrCAtien enginiing,
machinery operators, plant maintenance personnel, purchasing managers, and mechinesy

and ludricants marketers. .

MARCEL DEKKER. INC. New York « Basel




uclear Power Plants

POWER REACTORS . o
¢r. They differ in function,

Basically. all nuclear power reactnrs are uimila
arch of testing reactars e

makeup. and ~perauing characiersuus from rese
actors, such as those at Hanford, Washingion. which are

lutonsum The power cesctor. whose main function’ o
to furnish esr gy, conests broadly of a core containing auclear fuel, & mad-
erator a.though this e sliminate] :n fust reactorsl. o cooling or heat transtes
aystem a - ontenl system. and shieiding. [n practice. slthough they are bas

cally samuar stas pussible to design an dmust endless number ol Jifferent
reas et types By sang varous combinations of fuel, cvolant. and made-ater

Table 111 .ats ‘he man elements asvaved in the desuan of ateactor Lnler
h ireiga r.ement o histed the fase variatiens pue-ible for fuel. fertiie
matriial st atol, coniant, arutrern ~nerdy tevel. and genmetry Muluipiy
sbles. we Aind that there are ol least 1200 combinstinns from

from production re
used 1o manu’zcture p

ng eilihese

wh. htothoose.
1t w..uld see.n that such vanety < ..u!d lead to vonfusion, but n actuslay

certain vomhinalions ere ruled vut bee suse ol the availability of snme of the
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Table 11-1 Resctor Component Varabies
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'ressunited water regctoe

enling water reactioe

Neediim wraphite reaciare

Past breeder reaiter

Humogenrous reactor

C Organmie cimbed and meaderated resctor

Coas cimiled reacine D
High temperature. gas canled reactor

XD S —

Pressunzod Woter Roacter  Fisnion heat 1s remuved from the resctor core by
waler pressunzed at approzimately 2000 pss tu prevent bishing ibig 11 1
Steam s genersied lrum a secundary cuolant in the heat exd hanger.

Vnpor Characieratics

Light water 1 the cheapest cunlant and m..derator.

R ateriv & well dim-umented heat transler mediv n and the comling system s
relauvely umple.

High pressure revuires a costly reactor vessel and leskprout pnmary « vl
40t system. ) .

Hith pressure. high temperature water at rapid fow rates increases « orms
sin and ervmn priblems.

Steam is produced at relatively low temperatures and pressures (rumpared
with finail fueled hoilers) and may require superhesting te achweve high
mlant efRciencies.

Contanment requirements ere extensive because of purasible high energy
release in the event of prmary comlant «sstem falure.

Scitng Water Fissiun heat 1s removed from the reactor by consersion of
waterto steamn the core (Fig. 11 2) It may he o single ur Jual cycle svstem

Mwyer Charactenssics

Laght =ater 13 the cualunt, moaderator. and beat e hange medium, as in o
ptrnsuriced water reactor, e '
W vessel preseute 3 lese then the Pounarvi i win of the pressunized

Heae
g tor

Flg. 111 wesswized Weter Rescter 3System Tng sey appnes 10 K.y
througn t1.? ’

| Pemxr

? Care 10 Condenrer
1 Burast

¢ Somer

3 Smerm drer 1) Q=

§ ~ter~wise st extang 14 Condeniats
? fond water g
8 Tet uating o
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g 1.2 Gueat Cypcto Doliny \Vater
Roscts

Steam pressures and tem peratures are ~smular to thuse of pre~surized water.

Heat exchanges, pumps. and auniliary =quipinent requiremenis sre reduced
ve eliminated. :

Has an inherent salety characten<tic in that puw- causes g vend for.
matwn, thus reducing the « wre puwer level.

Sedtum Grophite  Molten 3odiun metal (Fig 11.3) trensless hisl. reanerature
heat fram graphite moderated cure to un intermediate exchanger. intezeme.
diate sodium-potassium cnolant transfers hest to the hnal waier cwiled,
steam generstivn equipment.

Mayer Characteratics

The high b uling poant of liquid metal climinates pressure <o the ce vt and
primary sysiem. :

Permits high reactur temperatures.

Steam generated at relatively high temperatures and pressires

tCotromion problems are minimized.

Low cimilant pressures redurg containment requirrments

Vinlent chemical ceactinn with water and high radroactuvity ot alhal =y
requires a triple cycle condant svstem with Jual heat eurhange cqumps
ment (v minimize hatards.

Relatively complex care.

FaoiBreeder Heal from hesion bv fast neutrons 1s trensferred by sisbium
coolant Fig. 113) through an intermediate sodium cycle to steam torler ng
n the sdium graphite ivpe N moderator is used. Nentrony rocaping ‘rom
the core into s blanket breed fissiwonable Pu-239 from fernle L. 235,

Ag 11.3  Seidium G/aphite Reacior System




Fig 11 4 Fast Breeder Reactar Syseem

Wajer Charactenstis

Reactor s designed 10 produce more Ascinnable material than 1s consumed

Wide chuice of structural materials as a resu’t of low absorption ol high
energy neutruns.

Low neutrun absurpiion by Sssiun pniducts permits high fuel burn up.

A small core with & mimimum area intennifics heat transfer problems

Core phynics. including short neutron lifetime, makes control diffi uh

Aqu MHemoge Hest formed in the core, which is 8 critical mass of
sulution or slurry of fuel and moderator. 19 carned by fuel solutiva 1o the
hest exchangers to form steam iFig 11-5.. Slow neutrons [rom the ure
breed fissionable U. 233 from Th-232in the blanket.

Major Characteruties

The system has a high degree f inherrnt stsbility: mechanical contral rinds
are urinecessary.

Fuel siement prublems are chminated ( ontinuous processing of irradiated

fuelis pussible ty remave Rsswon produi ts and permit maumum burn up

Fuel sulution 1s highly radinactive and igrosive. o

t.ore and blanket, including primary svstem. must be kept at high pressure
1o prevent bunling: B

Prev sutiins must be taken te awvind 3coum dation of chtcal mass watsnie
the resactor vessel.

Fig 11.3 Homoganescus Reactor System

BEXEEA

'v
o

7

e e ey i = m o
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Containment requirements are high. for radinactive matenal s virs wlaird
threugh the pnmary conlant and blanket lsps.

Organic Moderoted  Heal 13 remaved frim the core by arganic (oulant at L
of mislerate pressure. Steam s generated 1n the boiler ur heat et hunper
(Fig 1160

Wajor CAuracienatics

High pressure 1n reactor and primary circuit 18 avoided. although higher
temperatures can be achieved than in 3 prescunized water resctor

Urgamc conlant becomes only slightly raiiac tive and causes Little «ugro
o, )

Heat transfer charactenstics gand but liwer than waler

Hydencarbon coulant may Jdeterirate and . ause fouling 1e s ale letmanian
on the {yel elements

Ges Coolet  Heat removed frum the core by gas at moderate pressures g«
circulated through steam generating heat exchangers tha prrduce low and
high pressure steam. {1 utilizes carbon divuide gas. graphite moderatour, and
natura ursnium fuel ’

Wwor Charecteruis

Ltilizes natural uranium fuel and relatively available materiads and cun.
struction,

Permite low pressure conlant and relativels high reactor temperatures

Cuntainment requirements -re muderate and corrosion problems minnngl
at luw iemperstures.

Resctar size 1 relatively Lirge because of naural fuel snd wraphite monlery
tor Power density tkibowartt olput per Lier of core volumed s extremye
Iv low

Pone heat sranefer « hazacteristics of gases require high pumping require
ments.

Mram pressures and temperatures are low. B

Carbun dionide gas 1y relatively cheap. sale. and casy to handle

High Tempersiure, Gos Cooied Heal rom the react? care 18 carned by nen
helium to the hear exchanger-for generation of steam ar firectly 1o a gos tur
bine: the gas returns to the reactor in a4 loed cydde Fig 117,

Fig. 118 Organic Cocled end Modersted Aesctor

118
‘\-‘"
] 2 ‘3

’ .
'

o




277 AADIATION EFFRCTS ON PETROLEUM PAOOUCTS

g 11-7 wigh Temperanire Gae Caotea Rescior

Waqor ! Aaractensiics

Cownl Mciency can be 4t hweved in s dusl s scle with 3 mimmum g3 tem

prrature of 10 Tt
High fuzl bum up is psible and cunversiun o

et {uel costs.
Vinimum corvesion of fue
tigh temperature coolant minimi.es

Charactenstic ul the gases.
Ponsible contamination of turbine in s Jdirect cycle caused by fuel element

falure.
Fuel element design lur long life i complicated by high temperatures.

The supply of helium watldwide is imited.

{ fertile matensl premits low

i elements will be caused by inert gas.
the disadvaentages of puwr heat iransfer

AAGIATION EFFECTS ON PETROLEUM PRODUCTS

Jefned as any adverse hange .
matenal av & result of exposure 1 ra
relative term, for the - hangesn 8

In grneral, radistion damage mav Le n the
phvaical and ¢ hemical properties ol 3
Jiatwn Rodiation demage 18, ul course. 3
matenal that may be adverse tione procesy of system may be sdvantagrous
i1 anutbier. This ie teue of rpamic matenals in particular: for example. ihe
evolutioen o a gasevus hvdee sebon feom a liquid rganic matenai mas result
“in an evplosion hazard. anncrrasenn fuquad siscosty. ug, on the ather hand.

)
2 new method for synthesizing 8 hydrncarbon Similarly, radrition of an e
-lll"llufnl

game Huid may result in unwanted steowthia molecular size w:th
o sodidihe atien ot the hqnnl.
wr plastic. In the study ol radestien
undesirable o nangrs

Her Aetng W ngy present 3 foramibile methed 1
polvmenzation e form an elastomer
qantage. we 3re cuncerned mainly »ith the sdverse ot
n ol lubiicante ol 3 power reautof

Be adly spesking, there are tw.

ieshaniems of radislysis that s he
nesdered 1n 3 study ot the Jamags to ~rgamic Ruids. One 18 the 1 1mary
prectrenn exotaton an bonization Wb rganie mulecules sused hy hetapat

fie le e, LAMMA 1AV, and 139t neutrons The «ther 1s the rapture -t theemal
reutrons and some (ast aruttoas by nudclen that would cause changes .nthe
cus ier and the geartation 1 e crelary radigtion that weulbt resultnfyurther

Jdamage
Tws methods are utih
the quantity of energy to whi h the matrnal s en

1ed tn measure radisbion energy One measuie:
D‘t‘cd and s vied ‘he
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roentgen tR): the uther is the amount ol energy that the matenal abeurbs and
w called the rad. For gamma radiation, the expusure umit ithe roentgend
detned as the quantity of electromagnetic radiation that imiparts 83 .8 rrgs ot
. energy to | gul air.

The radiation dosage of & matenal ss defined as an absurptian ol 16D rrgs
ot energy from any type of radisuon by | g of matenal. Actually. absurbed
energy will vary with the type ol radiation and the effect will depend un the
material expused. For gamma radistion, however. une rad absurben 13 ap-
prouimately equivalent to 1.2 R of radistion dusage. The rad 1s useful foor
cumpanng the equivalent energy of mized radiation fluxes but does nut dis
tinguish between types.

From a radistion damage standpmni; | rad of neutron Aux reuses 10
\imes more bivlngcal damage tv tissues than an equivalent absurbed energy
of gamma rays. For petraleum products. however. the dosage. as measured
by such effects as viscosity increase. is almost equivalent for the two types
This is discussed in mare detal later in thus capter. .

The general levels of radiation dosage are as fullows:

Dosage (toenigens) Efect

200 - 800 Lethal to humans

< $ million Negligible 10 petraleum products
5= 10 million Damaging tu petroleum products
> .10 million Survived by only mast resistant

organic structures

Based on experimental work 1o date. the demage to petroleum proxtus to mav
be summanzzd in the list beluw. It must be appreciated. huwever. that the
intensity of these effectsuean fact thean wenve ol une or rinre ol them wi’
depend on the amount uf sbearbed energy. the exact compunlion ot the spe
cific petroleum material, and oiher eaviconmental «aaditions such 4y tes
peesture. pressure. and gaseuus composition of the atmusphere

The eflects sre as follows:

I Liquid products tfuels and -l Jarken and scquire an acrnd canhiee !
wdor ’

2. Hydeogen content decreases and denuity increases .

3. Gases such as hydrogen and light hydro wthone evalee.

3. Phyicil properties change. higher and luwer molecular weight riatena

are furmed. and olehn cuntent increases.

Viscouty and viscosity indes incredse

Pulsmernization to sulid state can nocur

o w

Mechanism of Organic compounds and covalent maienals do not aormally evstin an -
Rediation ized state and therelure are highly susceptible to clectronic runtatinn 4.
DamMage ,aniation as the result of deposited energy Covalent . apounds includ me
the common gases. liquids. and nrganic niatenals consist of mulecules t+ 4
are fo-med by & goup of stoms held together by vhaied cleciron Yondir ¢
which yields strurg exchange forces. The molecules are bound togrther zo

relatively weak van der Waal forces.
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Conversely. 1onic compounds. such a9 inorganmic materials. whih .
clude salts and onides. are aiready wnized tmetals may als: be conmdered as
being in an wnized state) and are not suscepuible 1o 1wmizatin but sre sus-
cepuible 1o further electtnnic ercitatinn lonic compaunds consist of highly
eleciropomtive and electronegative 1ons held together in a crystal latiice by
electrnstatic fnrees in accordance with Coulomb's law. There 13 v actual
union of wons 1n the crystal to form molecules. although all crystais mav be
considered as being compused ol iarge molecules of a size himited wnly by
the capacity of the crystal 1o grow

Therefore. the effect of radiation energy on nonioni~ compaunds 18 tu
form ions. radicals. and excited species and thereby make the compounds
more reactve with themselves or with ihe atmasphenc envirnnment. Oa the
other hand. the effect of radiatinn nn winic cumpounds s tu change the prop:
erties of the compound related 1n cryvsial siructure. How'each tvpe of radia:
tion aflects urganic matenals 1s discussed below. .

fasi Newwons Most matenals have a low capture cross section for {ast neu-
trons and. therefore. these parucles can deposit-energy only by elnstic and
inelastic seattering Indeed. one important use of organic matends s to
moderate or deenergize fast neutrons 10 make them into thermal neutrans
that can be captured in the fission process. ’
The main bulk of fast neutron deposited energy causes considerable
damage 10 organic matenals by exciting the molecule and causing 10 furma-
tion. Some (ast neutrons deposit energy by momentum losses which cause
dislocation of atems, commonly calied Wigner 1ype damage. )
An sppreciable fraction of the neutron’s energy 13 transfersed 10 rach
struch nucleus. The nucleus is ejecied as 8 re=ml ion and the neutron i< srat-
tered or reflected to continue sinking other nucler unti it 13 degraded in
snergy to the thermal eneggy state. The recinl 1on interacts with peintal rlec
truns. thus producing muleculsr excitation and 1wnizativn and hecoming
neutralized. As recoil 1ons, they sre above the thermal energy state

Gamms Asdiaton Gamma rays react with matter either by photarlecine
efect. Cumpton effect. ar pair production. The precedence f s jrarhicuia
mechanism depends un the atomic niumber of the irradiated medium and the
energy of the gamma radiation For matenals of low atomic number (< 2T
such as hvdeogen. and rarhon, the photoelectnie effect ‘predumuinstes at
gamma snerges beluw 01 MeV  the Cumptun effect from 01w 10 e
and pair production above 10 Meb . Fur matenials of high stomic number
v >A2). wuch as lesd. the phatoelectaic effect from 1.0 10 40 Med, and par
produ non abose 4 MeV .

In accordance with current theory. the methods of energy transter sfes:
matenal as lollowe i

1 Phutneleciric effect Gamma ene-gv interacts =ith the entire atem 1
trinsfers an entre photun of encegy 1n one eacounter. This energy o a
carbed by 2 single c.rctron which s usually in o Kor Lo chell big. 11 5
The rlectron #jects from the atom with in energy equal tu the inenle=:
pheten minus 1the binding energy -f the rlestran ol the stom

i
g

ER sl AP P

[EE TR, ol aces




g 11.8 Electron-Shall Structere

de elovtron

2 Compton effeci. \ gamma 13y photan terages il 3 e

s energy 10 the eleciran, which rrcoeds av 8 ol 1a

loars 3 pesthian o
the nculent gamma photon.
V. Pair productiin The gamma encrgy completely
‘g 1 oulemb feld, the teauf 19 the formahnett b & o

Lonveyie e the e
@on of the aucler
tron-electron par 7

The cjected high energy electeons o electe
wrbital eleciruns tu cause electran excitation aad’

Gi-OR HIIFD 1T LR feast vih
220N,

Thermal neutruny are caplered by ancizn mant m tura
. aipha particles, gaminn rediation, Botn parte
‘).‘fl.ﬁ:" . ,‘_p).:;

Thermai Neutrons

becnme radinactive snd wve
[hewe tegn binens 208 Y mbohiked as1n.ai e

thetral nrutfons «3use very

les orprotens
fesprer tivels Afthegh

that which ociurs v due to the tecopdary fadist:
2MeV raye aven oif by fae ot iiher
D) real el an

oA
e
e

ganic matenals,
results predununately from the 2
vdeogen nudler For chlogg-orranics $az 'n

mal neuttins by .

imporiant because of high thermal neutron caipture covis = ctte
Nitgo-oeganics sufler cadiation damage when therianl peaiioaw Gheabied
the Nia gl reaniencause epe ted prutuns wiveh winise the med s

of «ibonaee.

LA g e S

*Theve symbscde b ate “hat g neulnR e eboeled erd 03505, IR

tioa resalls




Coicuistion of
Enorgy
Abserption snd
Aodilation
Damege

281 RADUATION IFFECTS ON PETROLIVE PROOUCTS

Encrgy depasitinn o absarption leading to radiation damage s Jes ribed by
using the unis of the rad. This was e mplished by the Intrenational
Co.mmission vn Radwdugcal Units 1n 1951, which recommended that the
eheuthed Jose ol any wnizing radiation be drhned o8 the smuunt of encrgy
imparted 1 matter by iwniting particles per uait mase of irradiated metenal
The unit of slisorbed dose 1o ihe rad which e rquin alent 1o 100 erge 4 b
surhed energy per gram of matenal 1t s lien more runvement. however 1o
measure the absorption of smmizing encrgy {rom a radisting smrc e by e
effect va 4 quantity of air rather than the matenal being irradiated. Theee
fure & relatiunship between the rad 13 «onvenenr. dtheugh not sirn iy &
cutate. | rad may be vonsidered as =nui . alentin 1 eV Because. 3o purveeus
Iv stated. the major energy translerred tiem surce to medium results in
electromc excitation and whizatwn. and wrgansc matenals may suffer such
damage. methuds for apperumate calculati e of the estimated damage [rom
this energy absorption have beea deveinped.

Fur example. the average energy required 10 sever a chemn il hond s
approimately 2 eV and the typecal energy tu rause imnizaieen of 8 hvdna ar
bon 1o 10 eV . Therefcre. it 18 reasonable that the Meb level enrrpses avadl
sbir from sverage {ast neutnons and gamma photens radiasted fmm Jreet 0
<ote ate more than sufficrent tu cause crven by seviendary processes) ionia:
tiwn and dissuciation in a chemical compound. .

The rate of resction. which will be taken as the extent of radiatin dam
age. 13 neasured in the amount of materia reacting fir a @yen encrgy inpul.
The term G has been assigned ' the rate - reactmn and 1s defined as the
number of mudecules reacting for each 1N eV f energy absorbed.

T. particulanze these general theunes 1w nuclear puwer plant spidica
tinns. several bruad grneralizations « an le made regarding the etlect ol 12
diation v aegamie Buids Twa ol the mest sinking effects of agann lquig
srradiation are gas evalutinn and viscosity changes. The gas ervedulumn 1 ol
dependent on the Jusage rate but 1s rather 3 hnear function ol the spplied
energy dose Similarly. viscimity 18 3 function of dosage with a marked thres
hold of resction. The visconty gradually increases unul 3 denase dose has
been absurbed when there s an rxpunrnnial incresse in sisconty with smali
ins remental additiung of radisting energy v _ _

Anothet general abservation 1 that aromatic compounds behave differ

" patly than thei wrgame compoinds. experiaily the aliphatics. The theun

Nrequently wfered 10 explaaa th 3 13 that-in an aliphatic substance the rlev-
trens paired to form the carbon o carben of carbon-t-hydrigen bowwd have o
different absrptive capacity for raivatise enerxy than the tends in an are
matic U =C or C=H iinkage 1t s theanized that energy abiwrhed 1n the
atnmatic ring structure 1 distrihuted cver the entire sirueture ratherthann
anv.particular C = o C = Hbond

Althoagh the die wesion 1o this e ot s been thearen sl with rmphasie
on the parta ular tvpe ol radiatien. o pract e the radiatien trm g o3 tr

cotr o mined Thorefure, 1o o ctomate the e Latien ctabiliiy we inust ol

late the s cntribution fenm each (v e o cafiaroon Todbthis s table of viseve

vy s hanges based on inereasing taloaten - vpeeute has been drsebiped oy
perimentails fur varius standaed crgamie tiquids * To use thie afoarmatn
we furmish the (olluwing example

Fagwerme vreiv Il gmdt are sl ot sdiem o Hee s lt..-cgn )
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Hezadecane is eaposed to o radiation flus consisting of
10" thermal neutruns (cm?) (sec)
10° {ast neuiruns/licm?) (sec)
10" gamma photons/tcm?) (sec)

How many hours uf exposure will pri-duce an incresase in visconity of 35 ey
cent 8t 210°7,199°C)?
Furst determine the dosage in rad Based on data develuped in Pxpen

" ments by Bult and Carvoll of California Research Corporatinn. we And that

hexadecane wili absorb 1.0 x 1U* rad when exposed to any one of the tollaw.

ing fluzes:

Thermal neutrons 2.82 « 10'* 1h n/cm?

Fast neutrons 1.95 x 10" f nlcm?

Gamma radiation | 95 x 10 y/cm?

Now the contnbutiun of each component of that assumed radiation ftur mav

be calculated as follows:

10 th a/e m® = se- x 10 x 107 red
282 x 10'* 1k n/cm? '

= 0.4 rad/sec

107 f alcm? — sec @ 1.0 x 107 rad
1.95 x 10" { n/cm?
= 48 rad/sec

Thermal neutroa contribution =

F ast neutron contnbution =

10° th nfem? ~ sec x 10 ¥ 1P rad

195 x 10*® th n/cm?
2 04 rad/sec

(;amma radiation « cntnibution =

From these same experiments. 8 duse ot 50 x 10° rad cauces an increase at
210°F of $3% 1n the viscrsty of hexvadecane. Therefnre. under the muned
fur benn.g estimated hexadecane 1» stable to the radiat.on for the foll.oing
penod:

50 % 10° rad
36 2 rad/sec

-

= 89 x (P eec = 230D

T

The physical and « hemical properties of hydrocarbon Auids whech make
them impurtant as iubncants vhange Junng irradistion to varving legrees
based on their chemical composition und the presence of adiditines These
(hanges may be teaced 10 alteratien f *te . hemical strusture o1 the mate
rals As discussed. nuctear radiatien either directly. of by - ondan radia

tiun. depoate Righ ievel cnergy nthe dradiated organie substance eod caue
re omizalion and m e siar cxesate n The ony and evded modlevues
capidle react v laem tree o yie whu b tutther . -mbine or Ltdense
g 1t :

The « hanges in chemical structure ey he measured by s anous < lasse
methids for evample 4 in guissible todetermine the wprenimate namber o
feee radis als formed by the use of < avengers sy has vadine ko adde n gae
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Rg 114 Radietysis Precosess in Hydrecarbons

is evolved. errher hydmgen or light petroleum fractions. Invesugations have
shown that both carbon-hydrngen snd carboncarbon boads « an be broker
by radiolysis. The dissociated ur 1onized molecules can candense. rearrange.
farm olefins, or other products. depending n the en ronment. Al tempera:
tures below 400°F (204°C). temperature eflects do not seem 1o be significant.

Because most petroleum lubricants are combinatinns of saturated and
unsaturated sliphatics and arnmatic compounds. the reactiona of these pna.
ciple hydrocarbon classes have been studied under the influence of innising
radiation. These studies (Table 11.2) indicate. a3 would be suspecied. "hat

Table 11-2  Summary of Radistion Chenges in Orginl: Compounds

G-Valuse Hydroc ervone : Hydrocerbone HNydrocarbane
Posy meruaion Nong * 13-10 200 None

Croas wang . ' 4.8 “

) vOoRAON 2-8 * Q04-046

CH. evokson 008-1 ECARRE 20Ct-208
Oestrucion of .

TSI M atena 4-9 4 2200 1

G - ~ONCUeI OrOOUCEd ST 'Cyed or ‘eaced Der * X0 eV o’ energy aCroroed

Sowce From Nucew Engreeng ~ancdoos Oy - Erermgion © 798 WG aw M1 Boom
Comoany .=¢ u3ed By perm.asion of McGraw =1 B e PR
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unsaturated hydrocarbons are must reactive and arnmatics the least oteit.

ed. Saturated compounds fall sumewhere between the two rutremes The
results are expressed as G valuee: that is. the number of molee: les tracting”’
ur produced (or each 100 eV of wmizing radiation. Fnr example. at ledasr Ao
15 molecules of unsatursted hydrocarbons react fur each 100 eV Incerian
instances. high G values tup to 100001 result fur free radical polymen:inion,

Table 1158 The Effect of irradistion (with Air Accasa at 85" F) for Base Oils of Ditterent Types

10° Reds Dose 3 « 10° Rade Dose

Coler S» g * Viscosdy Inc Color S o
inc ing 100° X ad ine Ine

'3 93
‘39 L]
'3) 83
98 99
T4 *03
"7 19

IONMOO W » g
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whereas luw G values (G = 8) are fuund lur random crusshink ing end very
low values ((; < 1) for methane furmatiun.

Arumalic matenals, with 3 G value (ur destruction of 1. are highest in
radiation remstance. The principal reaction s crosslinking, feom which very
small amuunts of gas evalve.

Addiminnal studies were made un a range of petruleum vils representanive
ot typical paraffinic, naphthenic, and aromatic matenials varving 0 -ulfur
content The physical and chemieal charsoteristics ot the base s are fisted
in Table 11-4 and the effect of srradiatinn vn these vils i« @ven in Tuble 11 5
The vocusity was plotted agunsi the aromatic and -ulfur content (Fig.
11-101. These data shuw thal as the aromatic content inereases the visooeny
increase 1s reduced in almont a linear relationship. The effect of <oftur «on.
teni s “mular but more marked. Further. it was noted tha radiation dumage
ag prars greatest for vils with the highest mole sular weights ur the highes
iitial viscomty.

Because it was {uund that naturally »ccurnng compaund- improved the
radiation stability of petroleum wis and that these compuunds wete usually
remuved by refining procedures, the eflect ol using synthetic sromatie and
sulfur compounds as additives was studied. The results are shown in Tabie
11-6. From these studies it appears that 4 disulfide or an alkvl srlenide,
pruvides gud radiation damage protection. The disuifides present padvine:
1zation by a nechanism termed free radical chain stuppers. The disuindes
have an advantage also of being gud EP and anuwear agents but do nu
prevent uxidation or ulefin lormation. '

Fig. 11-10  Redietion Stadiiity versus Sufur st | A-amatic Content
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11 is well known, however, that aromatic compounds pussess gual ther.
mal and radiation stability and in the latter case protect less <table aliphatic
molecules by the transler of cnergy. These compounds are usually harac-
tented by comples molecules which resonate between s aumber of pussible
electronic structures and. therefore. possess (airly stable ruiited cnergy
states. In other words. when s parafimc hydrocarboen absorbs energy it s
raised to an unstable state in which the energy is grester than the electronic
forces that constitute the chemical bonds. The result 13 8 bend tracture with
reidual free radicals. In an sromanc with an equivalent sbeorbed enrrgy,
the higher level i3 notsufficient to sever the greater electrunic binding1.rces,
and the energy 13 eventually Lberated as heat or Lght. The radiation stabulity
ol aromatic petroleum extracts aré.in decreasing urder. puhrglycols paraf-
finic hedrocarbuns, diesters. and silicones The efect of arematn v om.
ounds was studied both as antivsd additives 1 mineral imls and as pure <yn.
Thetic fluids. The results are pven n Figs. 11:11 and 11:12. These Jata'show
the follywing relananships: -

The aromaucs with bnidging nethylene guoups hetwrrn the ar matie
muler ules sre less eficient s protective agents than antirad vt hitives
with firect hinkhs between simatic nings.

Long hain aiksi groups aitae hed to the aromatic rings make trem less
Srutedtive agents. pri-babiv bircause of 3 difference in stabidity ot e come
peund and luw sing of the arumatic ning cuntent.

Small amounts ot a free radical inhibiter in addinan 1o the apem st ad-
i:tive substantially reduce the viscusity increase.

TRe ; stection sdurded 13 nut smply a dect function «f Jtomai con-
tent. in lact it woull appear that 40 pereent of added aromatie natenial




v
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s 8 praciival manmum. Beviind 40 percent it is preferable to use a pure
arematic of sutable physical characteristics.

The study uf srumatics showed that radiatiun stability is & function of the
bond dissuciation energy of the weake ot carbon bond. These are platted in
Fig. 1113,

fnitiaily, in 8 study of the suitability of petroleum prducts fur reactor
lubncation, tests were conducted un conventivaal mils and hydrauhe Huids

by Carroll and Calish of the Cabifornia Research Corpuration. The samples:

were irradiated by usning spent fuel elements frum the Matenals Teating
Reactur in Arco. Idsho. This s essentially 8 gamma source. The petrcleum
products tested were four indusinal oils. frur base wls (pale. neutral, and
white oils and bright stuck), twa gear lubricants, and an automatic tranamis.

siin Auid. The test revulis (Figs. 11-1310 11.17) were determined hy « hanges

in viscusity and Vi alter stauc irradiationuptn 9 x 107 R.

Mobil investigations on turbine oils at simifar doses are descnbed in Fig.
11.18.

Most of these investigations show that high quality, mineral ml besed
lube ods can withstand irvadiation up 1o 100 Mrad and that synthetc flud
lubncants sre available with radiation stability abave 100 Mrad.

Fig 11-11  Rediatien Protectien of Synthelc Aromatic Additvee
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Porcont wicouly ncresse ot 210 °F under wreiuten 10° catnr
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Fig 11-12 Radiation SLabINty versue Y armper oture

A ~tudv ot the changes in properties and performance L conventiend,
lube ls after ieradiation shows the folluwin '

| Conventiongl antieudant sdditives ol the phenelic or amine e conler
Litle radiahon stability 1o base uils and are preferentiath desttoned he
tmeen 10 and 5 x 0P rad. -

Y Ididers] ~elennde, which s knuwn 1o be an effecine antiotnblni. dines
s radiation protect ve praperties... The wudation «abthity is Hevtne
Alter an areadiation of 10° rad.

t Ihester base ails, phusphate eaters 1wrar additivest, and hedgenated [ 3
sgents produce sods a1 2 low radiatien Joree.

+ Polvimers such as polvbutenes and poivmethas rvlstes icave reshidy an
thus lose ther oot o Vimprosers

v Sl oene antitogm agents are Jestroved at low radaan

A in most cdses, the presence of air. campaeted with an .neft sim
. reases radiation damage by a facter Wl 1 81023 umes s indhoated s

1ty N teger

n doee

~pher-

N

In summary. high quality. conventional lubncanng uils are auitable fur dises
ap to 107 rad. Further radiation rewistance < en be formulatmt inte & gived
quahity petrateum .l by the use of antirads such a» radic al ~oavengers
antirad Aror aromatic structures rantired C). These foemulated anls will pr-
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tect p o 10P rad. as <hownin Figs. 1.19 and 11.20. Abave these duses and’
2t high temperatures. synthetic tvpe lubncants that use pantly hydrogenated
stomatics blended with afomatic polymers are required. The eflect ftem:
perature at high radiation duse (10P rad) has been studied ander g mitregen
stmasphere for these syntheuc Auids shig 111D

Fig 11-20 Eftect of Anrade on Omdoen .
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If. hnwever, materials are 10 be satisfactory as lubricants, they musi ant
only have good thermal and irvadiation stabiliy but their wear charactens-
ties must be satisfactary. Such wear tests have been made by s Shell Fuour-
Ball machine at two different loads and are given ia Table 11.7. Table 118
lists & number «f new generation synthetic and mineral od blends and pure
synthetic lubric sats and petential applications.

Oresse irsdisien The damage caused by high energy radiation nn greases
is & dual effect. First. the radiativn atiacks the thickening structure and’
causes separstion and Ruidity. Following this. cuntinued irradiation caus=s
pulvmenzation of the base oil to the nngnal thickened conditina and hnaily
wdidifie stwn. The precise pattern of change is dependent na the type of
thickener. the gel structure. and 1he radiation stability of the theck =ner and
base mil.

In-general. greases have been evaluated [or radiation damage by deter -

mining the worked penetration, lullowing irradiation, and comparing it with
the wnginal value. These irradiation evaluativns are wsually «f the statc
type: but. ss mentioned praviously. dynamic testing during irradiation has
yrelded markedly dilferent results. Typical greases thai have arganic snap
cumponents of aikaki or alkaling earth metals, although resistamt in high
amounts of radiation, bresk dowa st total doses of approzimately 10 rad.
Micrigraphs of the soap structure showed & drastic change in the nnemal
fiber siructure ol the gelling sgent. On the uther hand, greases made with
noasnap thickeners, such as carbun black, were less affected. Micrgraphs
of 8 varbon black grease shuwed the same siruciure (agglomeration o car-
bua particies dispersed throughout the vil phase) buth befure and after irrs:
distion, :
The stabiiisation of the thickening structure under irradiation solves the
problem of suftening ur bleeding of the base ™l but will nut sulve the even.
wal snlidification: of the grease. This is & function of the base wi. and the
solutions discussed under lubrication ails fuse of anursd sdditives ot sva.
thetic nrganics as base Ausds) are valid.

The mechanism of change fur three greases is shown in Fig. 11-21. In vae
case the grease had an unstable thickener and pmgressively sultened to
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fuidity. Although such a grease might protect the beanng. the probiem of. .
leak age would be greal. and incompstibility with Tesctor components would
be an added probiems. The second ggease gadually decreased in penetration
1solidihed) after an yniial increase of softening Such & grease would 1 ause
{asdure in the lubneated mechanism. The thud gresse showed good stainlit.
with 8 shight sulteningup to 10° rad. :

Radiation Stanity of Thchoners The selection of the thickener or solid phase
of & prease denigned for nuclear spplications requires connderstion of com:
petibility as well as resistance 10 cadistion. high temperature. mechanical
<hear. and stmosphere. : '

Cenan elements are unsuiable, for 1. err presence within of clase tuthe
ceactor core would senously affect the neutron economy. of react with the
fu-l element cladding to cause destruction of the canning and release of by
sion products. Accordingly the UKAEA has restnicied lubncant composnition
1Table 11.90. :

Effect of atmosphere can be ustiated by mir, which has 8 sencus nudit:
ing eflect. especially when coupled with radiation. Conventionsl antioar:




300 MUCLEIAR POWER PLANTS

Table 11-9 UElemeonts on Which Restrictons Are Paced For

. Sation-Resismnt Luddcants Used in United Kingdom-Typo
Rescters Employing Magnoa Fusl Cane

None atowed Meroury

0 1'% sllowed Sorum Demuth cadmum. gellum nGum, laad. MM JOCRM
Tafum, v

ARsnewm antmony . CEICAM COMUM COPDON. NCKat. Sives stroncern
Praseodymum

Note In Cardm nstances he sbove Im@E
mmm‘nlmw
satrgbed

1% aliowed

munmon.m:mummw)
'thdnuwmmm

dants are destroyed as noted above. Some of the wrganuc mudified thicken:
ers have an antivudant effect and perform a Jual function. Hot pressunzed
carb > dioude can cause rapid degencration of conventional soap thickened
pesses. presumably by carbonate formation.

In & selection of the thickener. the companbility of thickener and base
fluid is of paramount imponance, for even an exceptionally radistion resie:
tant thickener, when in combinstion with cenain base Auids, may st best
yield weak gels that soften easily: {or example. a sauslactory geasc riruc
ture s extremely dificult to obtain by wsing sn Indanthrene pigment with s
parafinic bnght stock.

Vanous nonsosp thickeners that form good grease structure with bath
mineral il and synthetic fluid bases are avaslable. These thickeners mav be

grouped as follows:

1. Modified clavs and silicas Typical of the mudihed clays are Bentune 34
and Baragel. which are furmed by & cation rx: hange reactinn between s
mantmontlonite clay and a quatenary ammonium salt. This reavtion e
duces 4 hydrocarbun layer na the surface of the clay * hich makes ut
olenphilic. Finely divided siicas may be treated with silivone t tender
them hvdrnphobic, or. as with Estersil. the silwa mav be srerified with
n-butrv| alcobol. -

2. Dve pigments. Orgamc toners ot dye pigments are
thickeners ie g . Idanthrene).

3. Organic thickeners. Typical of this tvpe are the substituted 41! ureas
hatas traized by the diamide varbon:! linkage which may be formed in
iy by the reaction of dusicyanate with anaeyl amine .

tilized as wirave

The behawior of these thickeners, when used inronjunctinn with asyntheie

flusd. i« shuwn inbig 1 2.
14 with Huid lubncants, antirads may be ailded tu the grease toncrrase

s radiation stabibty. The effect of free radical scavengers and armatn
energy sbsorbers an & modifird clay. synthetc Auid mease s shown o Pig.
11.23. ’ .

The companson of rs stion resist
type. mineral i gresses 19 shown in Figs
stability of the Auids extracted from these grea-esis s

ant greases wih ~unventinnal soap
1128 and 11:25 The radiation
hownn Fig. 11-26
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Tadle 11-9 Elements on Which Restricions Are Pleced For
. ation-Resismm Lubdcants Used In United Kingdom-Type
Reacters Employing Magnos Fusl Cane

None aliowed Merasry

0 1% aliowed Borum Daruh CaOmum, gallum ndum. lead. MRUM. SOBUM
Rathum. i, e

1% siicwed AsNeum erarmony . CEICAM. CONWN CODDIN . ACRE. shvgl  STONtLM
DrEseTdymaIm. :

Nore mmnmnmmwuum.m-wumuu
melals M8 Dresent M § SDW COMDOUNGWd ‘O and Thal VECICE COMDINDAty W38 M8
salsbec

dants are Jestroyed as noted above. Some of the urganic mudified thicken
ers have an antivuidaat effect and perform a Jual function. Hot pressunized
carb>. diowsde can cause rapid degenerstion of conventiunal suap thickened
geases. presumably by carbonate formation.

In 8 selection of the thickener, the compatibility of t'ickener and base
fluid is of paramount importance, for even an exceptivnally radiation resis:
1ant thickener. when in combination with cenain base fluds, may at hest
yield weak gels that soften easily: for example. a ssusfactory grease struc.
ture is eatremely dificult to obtain by using an Indanthrene pigment with &
pacaffinic bnght stock,

Vanous nonsoap thickeners that form good gesse structure with beth
mineral wl and synthetic Auid bases sre available. These thickeners may be
grouped as follows:

1. Modified clavs and silicas. Typical of the modihed clays are Beatune 13
and Baragel. which are furmed by a cation e hange teactian between a
montmuntlonite clay and a quatenary ammonium sali. This reaction o
duces: & hvdrocarben layer on the surface of the clay < hich makes at
oleuphilic. Finely divided silicas may be treated with silicone t tender
them hvdrophobic, ur. as with Estersi, the vilxs mav be vienthed wah
n-buty] alcobol. . "

2. Dve pigments. Orgamie toners or dye pigments are iihized o wease
thickeners ie g . |danthrene).

3 Organic thickeners. Typical of this tvpe are the substiuted 4arvl ureas
hata: terized by the diamide carbon' ! inkuge which may be frmed i
<itu by the reaction of dusocyanate with an anyl amine.

The Lehavior of these thickeners. when used n compunctinn with 4 synthenic
flud. s shuwnin big 1122,

Ay with Huid lubncants, antirads may be added tu the grease 1o increase
s radiation stability. The eflect of free radical scavengers and armalu
energy sbsorbers on & modified clay. syntheuc Aurd grease 1o thown i kg
11.23

The companson of rad:stion resistant greases wih conventional saap
type. mineral il greases s shown n Figs 1124 and 11.25 The radiation
stabibity of the Ruids extracted from these greases v shuwnn Fig 1128
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LUBRICATION RECOMMENDATIONS

The advent of nuclear energy has added a new dimension 1o the requice-
ments ol lubricants and wiher petroleum products in industrial applicati..ne
Equipment in the nuclear industry — research and power reactors: (uel pro-
cessing machinery: conveyues, mampulstors, and cranes in irradiatiun facih.
tes, viewing winduws «nd shield doses 10 hot cells. and heat exs hange
units — 4ll require wmls. greases, and vrganic Auide ta perform convenuonal
and special funciions in radiation stmospheres. .

Nowhere are the operating conditions of radiastion. temperature, and
atmosphere more demanding than in the power reactnr held. A1 the vutser,
equipment was designed to operate withuul conventional petroleum lubn-
cants because little was known of the behavior of petrnieum products under
irradistion and the exact sevenity of the application was uverestimated. This
placed a Jdesign and economic burden wn nuclear power generation. As ex-
penience was guned in the operation «of these planis. the orignal pusition
was reconsidered. First, specific nperating parameters of radiatinn fAux.
temperature and 30 on. were obtained. which realistically established the
requirements; second. research in the radiation resistance of petroleum

Fig 11:22 Efect of Thickoner on Gresse Polymerustion
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304 NUCLEAR POWER PLANTS

“matenials showed that ¢ nventinnal lubneants vould withstand duses up o

107 1.+ 10° rad and th. t .¢ . petruleum 'ubincents conld be desel it ti mith.
<tand moure than 10° rad. As a consequence of this increase 0 bnowle dge
atid expenence. nuclesr puwer station nwners and cpeestars tepiested that
whenever p-m-lb'e. pruvrd engneenIng Jeaions Cmplnrng conventiona! pe
troleum gresses and lubricating Hunds cheuld be adopted. Thie haslead 10 an
\ncresse. 1n new generation plants ot the use petruleum fubnicants

Recause the nuclear power industry 1o <ull in o deseivjung <tage. o

which patterns of design and »peratini « anditions ate chan@ng. most equip
ment 1s unique, and each plant requires ~eparate aasideration hietare proep
et Libricants and lubrication sckedules 1an be established Little trpety
Liveirss ety (A e uINMent of oferabing wroditivins, ind, thereture the Lot
that can be accomphished in this chapteeon bt ation fecminendatins i
to furnish the background espenience and e~tsblich the guide hines s that
iubncating engneers can, after & survey of ~perine canditions, tee mmend
the Lest lubricants for a partisular applu atiwa.
All lubncating engineers are familiar with the effect of the rrvirenmental
facturs of speed. luad. temperature. and Lme o the hife of gears and hear
ings. and on the physical and chemical properties ol wle a0d gerases v
pused to these environmental conditions.

In conventional applications. the eflects ol speed. load. and 1emperature
are evaluated 1n making recommendations. Selecting the currect lubne ant
and service interval 1s deterimined b eva'uating the lubncant's antiipated
pertormance ynder.the most cnnie al ot these condtions: fur exampie spem)

~thav be the determiming factor wuh annhiftiction biranngs and the jirogws

gresse must reaist e essive aaftening for the <ervie penivd D bngh beat
'ng. ~utreme pressure properiies mas be the determining consubetation In
Ml ¢ asre, however, teinprrature s the must cnmeal tastee Operating:
weserits may be measured by the Jegree o heat, or the tempecature. Lo

the ratent of expusure, of the tune nters A lhe adtitiongd envianmers -

~

Lartor of radiatssn oa muebear sppitesteens stfecia Tubneants onoam Wt
~ame manner as heat Buth are mude. L -nergy and. 3¢ wr harevren.n g

e

Tabie 11-10 Nuciser Reactor Systems Estimsted Dose 10 Components ~ Rads pet Yesr”

Prossurime Soling - Crgenic- Ligquid tutel Qas

Weter - water ooerswed Cooled Cooent
Comgonent Reactor Reactor Reector -+ Resctor ) Asecter
Loruot 100 Mmechanms™s 109100 100 g O K, ] ST J . »
Fuse-rargrg covces 10810 J-100 L
Primary COOI PUmOs ‘oe-10’ 1010’ Jy “Negigoie i T Y
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Aushary motors c 100-3 « 0’ 18- 9 . 100 »aa
Turbogener sxr and Negi e 400 - 800 R L ] SoggOe NeQ g Oe
surdanes 1010 ‘0 d8 '0d9 09 "M
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Tabis 11:11  Typicsi Opersting Conaitions in Camponents of CO» Cooled
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previous section, lubrscants. lke all organic matenals, undergo mapt
struciural changes whea certain thresholds of absorbed energy ase reached.
We hnow that petroleum products undergo thermal cracking and poly-
merization 81 ceriain temperstures and. Lkewise, that clesvage and crose
linking occur st cenain eadiation dosage thresholds.

{n nuclear applications, radistion energy is expressed ae the flus or dose
rate. The panicular types of radiation and the umits have siready been Jis-
cussed. [11s sufficient 1o state here that this dose rate appled over & spect
fied interval will yield the sbeorbed dose for an exposed matenal 1. for
example. & grease can absurb o duee of § « 10° rad before suffenng physical

~—orchemical changes that will render it usciesn as a lubricant. this gresse can

be used for 3000 days if the dose 18 absorbed at a rate of | Mrad a day or (or
unly five'days f the dose 10 1000 Mirad s day .

Much has been published and extensive studies have been made that lead 1o
the recommendauon of cnerect lubncants. 1n thie-find analysis, hawever,
\he selectinn of the proper lubncant and its application o &Ny partwular
equipment must be made by a lubncation rnpneer for each speuific in
stance. based un the vperating conditions and the type of beanng. gear.
cylinder. etc . requinng lubrication. Nowhere is this more pertinent than i
the lubncation of auclear power plants Because of the newness of the
field. the uniqueness of the designs wnd the seventy of nperating vondi-

* tinns of temperature. radiation. and vperating atmuspheres. ¢dt h plant 1
narhedly diferent from every other Thetefore \he erpenence of the
lubncating engsneer 18 (mpurtant, and blanket recnmmendations serve unly
as guidelines to theve engneers. Mobil enmneers for mote than 100 vears
have devuoted these eflurts to *he sudy ol lubneation requirements «n thoy
sands of plants all over the wneld. to the devrlupment of lubricants 1o meet
these requitements. and to the perfectinn W spplication methods The ac
cumuleted eapenience with al kinds f machinery has been helplul &
aumernus plants in the sulution of lubrie atiun problems and. 1n many cases.
v the ehminatinn of mechanical problems as well. '
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In selecting lubrcants for s nuckear plast. the ragpacer should be con-
subed im the devgn phase, be cogrizant of development work of equipmens
manufscturers, and pancipale in p-e-tiral evalustwn of prosotype vass
vader the cperating cunditions. Ia surveving the plamt requrements, per-
tecular attentma mest be pasd 10 the radistion Bus prukle whach has been cal
rulaedhlbovmmdthphuudm.puﬁ-nhmulm
dunag aperaton of simdar plants. Extreme conservatiom hes bees the ruke
" estimatuns of nuclear plant requirements. often to the detnment of proc
tical sulvtivns. .

In estimating the radiation fluz 1 which ¢ lubricast »iil be e3porrd.
beaefs must be taken for the shuelding effect of the equipment components
which will attenuate the Bur estimated for the surroundmgs. Estimated av.
eragrs for the general flus levels ia variows nuclesr power plants arv shows
18 Table 11 10 mare detailed eatimates of 8 gas cimiied. @ aphate moderaterd
reartor plant of the Brtrsh type are shown wa Table t1.11.

The abuity of Mobil lubricants te withstand rediston is shown m the
. waph platted (Fig 11180 froe twe turbine wis watically uradisted and i the

< chanibig 1127 whuch shows the ranges for svailable greases.
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: GREASES
Commercial Equivalents of TVA Crades
" Turbine Bearing Grease Gencral. Purpose Greases
TVA-UW-) : TVA-GP-0 TVA-GP-1 . TVA-GPH-2
(NLGI~-1 water washout - (NLGI-1) (NLGI-2) (NI.GI2 + 1Y)
resistant) o (Molybdenum Disulfide)
. ‘ . '
AﬂOCO Amolith 1 EP Amolith 1 EP Amolith 2 EP Holylﬂth 2
ARCO " Litholine H EP-1. - Litholine N EP-1 Litholine 1 EP-2 EP Moly 2
CIEVRON Duralith EP-1  ~  °  Duralith EP-1 Duralith EP-2 Holy Grease No. 2
CITGO HEP-1 HEP-1 HEP-2
EXXON Lidok EP-1 Lidok EP-1 Lidok EP-2 "Beacon Q2
GULE Gulfcrown EP-1  _Gulfcrown EP-1 Gulfcrown EP-2 _ Gulftex Moly -
MOBIL Mobilux EP-1 " Mobilux EP-0 Mobilux EP-2 Hobilgrcasc’Speciaf\\\
SWELL _Alvania EP-1 - __Alvania EP-1 " Alvania EP-2 '
- TEXACO Hultifax EP-1 __Multifax EP-1 Hultifax MP-2 Holytex EP-2
UNION 76 - Unoba Holy HD
L Unoba EP-1 A Unoba EP-1 Unoba EP-2 : Special No. 2

TVA APPLICATIONS: UW-3 - Wicket gate top and bottom bearings and operating mechanisms.
. GP-0, 1 & 2 - Year round lubrication of industrial ball, roller and plain bearings,
and automatic lubrication. These are lithium soap based greases and
MUST NOT BE MIXFD WITil GREASES CONTAINING OTHER BASE FILLERS such as
polyurea, aluminum complex, sodivm, calcium, etc.
These greases must pass the TVA Comparative Performance Tests for purchasing as
described in pages 9-20 of Specification 18.007 (Proposed Rcvision To 12-23-70
Issue). CONSULT TVA LUBRICATION ENGINEERS BEFCRE SUBSTITUTING FOR GREASES
APPROVED AND FURNISHED ON I1QT_CONTRAGTS.
I, . .

\




W AN oo

TVA STANDARD PROCUREMENT SPECIFICATION 18.009
6-12-81

2. Turbine Bearing Grease

%2.1 TVA Code - TVA-UW-3

This grease is to be Shell Alvania No. EP-1 a NLGI No. 1,
extreme pressure lithium base grease. This grease is used

on wicket gate top and bottom bearings and operating mechanism.
Wicket gate bearings are subject to water washout.

Specifications:
Viscosity range SSU at 100°F 918
Viscosity range SSU at 210°F 80
Penetration at 77°F - worked 320
unworked 328
Dropping point at degrees F 390
3. General or Multipurpose Grease

Lubricant shall be an industrial, general-purpose, lithium-

soap grease capable of satisfactory year-round lubrication

of industrial ball, roller, and plain bearings and automatic
lubrication. The grease shall pass the Comparative Performance
Tests for purchasing GP-1 grease. o

. © %3.1 TVA Code - TVA-GP-1

This grease shall be NLGI Grade 2. This consistency
must meet TVA requirements when tested under the
Comparative Performance Tests outlined in pages 9-20
in this specification. -

R

*3.2 TVA Code - TVA-GP-0

This grease shall be NLGI Grade 1. "This consistency must
meet TVA requirements when tested under the Comparative
Performance Tests outlined in pages 9-20 in this specifi-
cation. B

3.3 TVA Code - TVA-GPM-2

Lubricant shall be a general-purpose, NLGI Grade 2,
lithium-soap grease containing at least 3% Molybdenum
disulfide (MoS;) additive by weight, and shall be

capable of satisfactory year-round lubrication of .
automobile and truck chassis. Grease offered must be a
standard product commercially available to fleet operators.
NOTE: TVA does not approve any grease containing molybdenum
disulfide (MoS;) for use at TVA nuclear plants, as this type
grease has been determined to be detrimental to stainless-
steel by acting as a catalyst in promoting stress cracking in
the metal. : '

‘ *Revised October 1, 1983 ' '
8 , _
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The system of |
on each sample. Rat,“
evaluation of the experimen
,accordance with ASTM

performance consists ‘of ten separate tests
have been prepared for the numerical
results. These tests are conducted in

or other appropriate procedures. The

< grease is assigned e rating for & particular test procedure
by choosing the correct range ‘in which the experimental test results
belong as listed on the approprzate rating table. Opposite this range
is found a machine ratipg. ing from 1 to 16. This number represents
the performance rating rease for that particular test. The
tables are arranged in’such. s ‘manner that as experimental results become
poorer, the assigned rating becomes higher. Also, certain of the tests
are covered by limiting requirements as seen in footnotes of the rating
table concerned. A rating of 16 does not necessarily mean that a grease
has failed a particular test unless that test is covered by requirements
which are not met. In order for a grease tc pass this svrstem of tasting,
it must not fail any of the individual tests nor may it have ano "overall
rating" exceeding 70* points. The "overall rating" is the sum of the
machine ratings assigned for the 10 tests. In the event that a3 grease
fails any individual test, it will not be given a rating for that test
but simply marked "fsiled". Consequently, tbat grease will not receive
an overall rating, but will again be marked "failed".

The tests used in the system are:

1. The Grease Worker: The shearing action in the test apparatus
stimulates the working.of the grease in service. Shear or mechanical -
stability of grease is‘'its: abxl;ty to withstand repeated working with a
mipimum change in its structure or consistency. The grease is placed
in a cylindrical container and worked by forcing a preformed disk or
worker through it. The consistency is measured by a standard pene-
trometer at 60 strokes and repeated after 10,000 strokes. The numerical
evaluation is calculated from tbe difference in. the two measurements.

1/

Experimental Results—

Machine Rating

or 1
to 2
to 3.
to S
to 7
to 8.1 .
to 11.2 . .
to 15.0 -

00N NWNWRN
W NN~ O OO 0o
OV OO WN

—

e

1 Percentage chahge’(eitﬁet‘increase or decrease) from 60 to 10,000
' strokes. Increase ip penetration shall not exceed 15 perceat;
decrease shall not exceed 10 percent.



IR TR TS 1

R RN R RN N

seae

-..‘n YRR

TVA STANDARD PROCUREMENT SPECIFICATiON 18.009
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2. Shell Roller Test: The test produces a numerical evaluation of
the change in comsistency caused by the kneading or working action of the

roller. This test is a measurement of the mechanical stability of the grease.

It simulates conditions encountered by roller bearing greases in actual
operation. The sample is placed in a heavy steel cylinder 8 inches long and
& inches in diameter. A weighted roller 7 inches loag by 2-3/8 inches in
diameter is inserted and the cylinder closed and placed in a machine that
rells it. The difference in penetration measurements before and after four
hours of rolling determines the percent change in consisteacy.

1/

Experimental Results- - Machine Rating

to 2.5
to 4.7
to 8.3
to 9.0
to l4.
tc 17.
to 23.
to 28.
to 34.
to 38.
to 50.

O 00~ B WN

10
11 .
12 . -/

o~
O O =t +s O\ s +e 2~ 00 O\ wv

OWOWOoOOoOLWLO

- Percentage change (either increase or decrease) between
penetration measurements before and after the test. Increase
in penetration shall not exceed 50 percent; decrease shall
not exceed 10 percent.

3. Dropping Point: The dropping point is a qualitative indication
of the heat resistance of grease on applications where a semisolid lubricant
is required. It is that temperature at which grease passes from a semisolid
to a liquid state: Grease is applied to the walls of a small metal cup
having a hole in the bottom. The cup is supported in a special glass test
tube and the assembly is slowly heated in an oil bath in a glass beaker
so that the cup may be observed. .Suitable thermometers are inserted in
the test tube and in the oil bath. The temperature at which the first
drop of grease falls from the cup is the dropping point. o

10
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Experimental Results Machine Rating
Greater than S550°F 2
550.0 F, to 509.0°F 4
508.9 F to 435.8°F 5
435.7 F to 396.0°F 6
395.9 F to 392.0°F 7
391.9 F to 384.0°F 8
383.9 F to 378.5°F 9
378.4 F to 369.0°F 10
368.9 F to 364.0°F 11
363.9 F to 357.0°F 12
356.9 F to 350.0°F 13
Shall be 350°F or greater
4. Bleeding and Evaporation: Bleed rate is a measurement of the

tendepcy ~f 33l to separatr from a jreacc and is propertinnal tc th. amaupt
of lubricant bled into the bearing. A wide variety of these tests are used
throughout the grease industry, but none 'are known to be completely reliable.
This is due largely to the lack of an established correlation between the
‘results of laboratory and field tests. The test selected for this system
is similar to Federal Test Method Standard No. 791a, Method 321.2 with
modifications. The sample is placed in a wire gauze filter cone which is
then suspended in a glass beaker and heated in an oven to 212°F and held
for 50 hours. The bleeding is calculated from the weight increase of the
s€ .00 due to the oil dripping from the grease, and the evaporation is
calculated from the weight loss of the whole apparatus.

Experimental Reiylts Bleeding Experimental Resylts Evaporation

% Bleeding~ Rating . % Evaporation=’ | Rating
0.8 or less L1 0. 1-1/2
0.9 to 1.7 2 0.1 to 0.2 3.
1.8 to 2.1 3 0.3 to 0.9 4

2.2 to 2.4 A 1.0 5-1/2
2.5 to 2.7 5 1.1 to 1.2 7

2.8 to 3.7 6 1.3 to 1.4 8
3.8 7 1.5 o

3.9 to 5.5 8 1.6 to 1.9 10

5.6 to 5.7 9 2.0 to 2.7 11

5.8 to 7.3 10 2.8 to 3.3 12-1/2
7.4 to 8.0 11 3.4 t0 5.9 14

8.1 to 8.7 12 6.0 to 6.6 : 15

8.8 to 9.2 13 6.7 or more 16

9.3 to 10.0 14
10.1 to 10.9 15
11.0 or over 16

.%; Percent bleeding 50 hours at 100°C.
=" Percent evaporation 50 hours at 100°C.
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Sum of Ratinggé/ Machine Rating
3.5 or less 1

3.6 to 14.5 2 .
14.6 to 15.0 3-1/2
15.1 to 15.5 5
15.6 to 16.0 6-1/2
16.1 to 16.5 8
16.6 to 17.0 9-1/2
17.1 to 18.0 11
18.1 te 19.5 12-1/2
19.6 to 20.0 14
20.1 to 24.0 15
24.1 or over 16

3/ Represents the total of the bleeding ratings (column 2) and the
i evaporation ratings (column 4).

5. Wneei Bearing: This test is a service evaluation of ball and.
‘roller bearing greases. It simulates conditions of these lubricants in
actual operation. It measures the leakage of a lubricant from the hub and
shows the tendency of the grease to form varnisb-like deposits on the
bearing. The bearings and hub of an ordinary automobile front axle are
packed with a known weight-of grease. The assembly is rotated at 600 rpm
and a temperature of 220°F for 6 hours. The leakage is measured in the
hub cap and a collector ring, the bearings are inspected for deposits,
z~? =hc¢ appearance of the grease on the bearings and in the hub is noted.

Wheel Bearings (660 rpm)

Experimental Results " Machine Rating
Pass A 4
Pass B i . 10.0
Fail _

The réting of the performance of a lubricant on this test is the
judgement of the operator.:

Must pass.

6. Rust Preventive Test: The ability of a grease to prevent rust
or corrosion is very important, particularly when the equipment is on
standby. The test for Rust Preventive Properties of Lubricating Greases,
ASTM Designation D1743, determines the ability of the grease to prevent
rust. A properly cleaned and greased roller bearing is subjected to humid
atmosphere for )4 days. At this time the grease is removed and the bearing
- inspected for rust spots. The grease is rated on the number of rust spots
visible to the naked eye.

12
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Experimepntal Resultsl/ Machine Rating
0 1
1 3
i 6.5
3 or more Fail -
1/ Number of rust spots just visible to naked eye. Must not
exceed two.
7. Shell Four Ball Test: There are several tests that may be

performed on the Four Ball machine. Of these, four have been selected for
use in arriving at a rating for this part of the system: Weld Point,
Extreme Pressure Value, 2-1/2 Second Seizure Delay, and Percemt Jdeal E.P.
The tests are used to evaluate the extreme pressure characteristics or load
carrylng capacity of a lubricant.

A svstem of four stee! bslls ic the form of 2 tanrobedron is uce”
Three of the balls are securely locked in a ball pot and covered with
the lubricant. The fourth ball is placed in a check and rotated at
1,800 rpm. The ball pot rests on a lever by means of which loads are
applied to the system of balls. The pot is prevented from rotating
by a calibrated arm assembly which, through linkage and springs, records
on sensitized paper the torque or friction and seizures which may occur
during a2 run. A series of 10-second runs is made at preselected loads,
and runs at successively higher loads are made until weldiog of the four
©alls occurs. During the test procedure circular scars or wear spots
are worn on the three stationary balls. Measuremepts are made of these
scars and averaged for each run. From these scar diameters the extreme

pressure value and the percent ideal E.P. are calculated.

a. The Weld Point is that point at which the loading is sufficient
to cause immediate seizure and welding of the four balls occurs. It is
expressed in terms of kilograms of applied load.:

b. The Extreme Pressure Value, or load'éérrying capacity of the

~ lubricant, is calculated by averaging the "corrected loads” when the

test is completed. The "Corrected load" for any given applied load is
calculated by dividing the average scar diameter (x) into the product,
of the Hertzian diameter (DH), for that load, and the applied lecad.
The "corrected load" is, therefore, the ratio of the Hertzian diameter
and the actual scar diameter times the load applied to obtain that
diameter. The Hertzian diameter is the contact area of the spherical
surfaces or the static indentation caused by deformation of the balls
under load at the start of the test. It may be calculated from the
formula:

DH
P

0.0873 times the cube root of P
Applied Kilogram load

13
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Therefore, corrected load = LDH

x
L = Load
DH = Hertzian diameter
x = Average scar diameter

an¢ Extreme Pressure Value = Sum of the corrected loads
' Number of progressive runs

€. 2-1/2 Second Seizure Delay is that point at which the applied

load is sufficient to cause seizure to occur 2-1/2 seconds after the

start of a run. -Points of seizure are automatically recorded on the
sensitized graph paper by the machine. They are recognizable by the rapid
rise in the curve, and the points at which they occur can be read in
seconds from the scale on the chart. If the applied load in kilograms is
plotted against the seconds seizure delay on ordinary graph paper, a

o snuith cur e sheull Le ottusaed. Troa thiu curve the luaa at 2-i/¢ seconds

can be read.

. d.  The Percent ldeal E.P. is the ratio of the experimental E.P.
value to the E.P. value of the perfect lubricant. The latter would be the
~ calculated E.P. value, assuming the actual scar diameter and the Hertzian
diameter to be equal; in which case, the applied load and the correct load
would become the same, giving a value of 100 percent.

1% Ideal E.P. = Sum of the corrected loads
Sum of the applied loads

The sum of the ratings given the results of each of the four tests
determines the rating for the Four Ball part of the system of rating.

Weld B
_Experimental Results Weld Rating
200 kg or above . - .2
178 5-1/2
177 to 141 . -9
- 126 ' 12-1/2
112 15-1/2
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Experimental Results
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Experimental Results
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Sum of Ratihgsl/ ‘ Machine Rating
14.0 or under 1
14.1 to 17.0 2
17.1 to 23.0 3
23.1 to 24.0 4
24.)1 to 26.0 5
26.1 to 29.0 6
29.1 to 29.5 7
29.6 to 36.0 8

| 36.1 to 36.5 9
36.6 to 37.5 10
37.6 to 43.0 11-1/2
43.1 to 45.0 13-1/2
45.1 to 46.5 15
46.6 or over 16

1 S . .
Y Rep . coexts the suawatio. ol the 1cur individuai raciugs.

8. Water Resistance: This test is a method for determining the
water washout characteristics of lubricating greases from a bearing under
prescribed laboratory conditions. A blank run is made by packing a fixed

. amount of grease in a tared ball bearing and rotating at 600 rpm without

. water and at room temperature. After ope hour the loss in weight of the

bearing and grease is measured. The test is repeated with water controlled

at JSO°F impinging on the bearing plate at the rate of 5 milliliters

27 sccond. After one hour the bearing is removed-and dried in an oven and

the weight loss again measured. The loss due to the action of water is the

numerical difference between the test conducted us1ng water and the test

conducted without water (blank).

16
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Experimental Results

for Blaok 1/ Blank Rating
27.82/ or under 1~1/2
27.9 to 29.9 3
30.0 to 37.2 4
37.3 to 38.3 S
38.4 to 39.0 6
39.1 to 39.3 7
39.4 to 42.5 8
42.6 to 63.9 9
44.0 10
44,1 to 44.5 11
44.6 to 44.9 _ 12
45.0 to 45.3 13
45.4 to 61.5 14
61.6 to 63.6 15
63.6 or over 16

= Blank is conducted by rotating the bearing containing grease
2/ sample without water.
= Percentage loss of grease from bearing.

3/

' % Water Loss =' - % Loss Rating '
‘ . (Due to Action of Water) : (Due to Action of Water)
0 3
0.1 to 4.9 6
5.0 to 5.5 7
5.6 to 9.6 8
9.7 to 16.2 9
16.3 to 16.5 10
16.6 to 17.9 11.
18.0 to 18.9 .12
19.0 to 20.7 ’ 13
20.8 to 43.5 ~ 14 i
43.6 to 56.0 15
56.1 or over 16

Represents the numerical difference between the ‘test conducted
using water and the test conducted without water (biank). (When
the blank reading is the greater of the two readings, the percent
less due to water is assumed to be 0. Since the figure 0 percent
means that the grease is 100 percent insoluble, it represents

the best possible condition attaigable.)

17
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‘Sum of Ratingsé/‘ Machine Rating

9.0 or less 1

9.1 to 10.5 2
10.6 to 11.0 3
11.1 to 12.0 4
12.1 to 13.0 5
13.1 to 13.5 6
13.6 to 17.0 - 1-1/2
17.1 to 18.0 9
18.1 to 19.0 11
19.1 to 20.0 13
20.1 to 24.0 14
24.1 or more 16

4 The summation of the blank rating and percent loss rating.

y. Norma hofiwan Oxidet.on Test: Thie test is a method for
determining the resistance of lubricating grease to oxidation under static
conditions. It is conducted in an oxygen bomb--ASTM D-942--equipped with
a pressure gauge. Each of five dishes in the bomb is filled with four
grams of grease. The bomb is charged with 100 pounds per square inch
of oxygen and after a 24-hour leakproof test is placed in an oil bath
controlled at 210°F, adjusting the pressure to 110 pounds per square
inch. Results are reported as pounds per square inch gauge pressure
dren after 100 hours. Longer tests are sometimes desirable.

Experimental Results . Machine Rating
1/
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Pounds pressure drop at 210°F in 100 hours must not exceed
10 pounds. '
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10. High Temperature Beater Test: This test is to evaluate the
change from drum consistency to residual consistency through solvent loss,
oxidation and deterioration of fiber structure of the grease. The consistency
of a l1-pound sample of grease is measured by means ‘of the penetrometer. A
ball bearing is packed with a portion of the sample and is placed in an
operating chamber constructed in such a manner that the outer race of the
bearing is held stationary while the inner race is left free to rotate.

The remainder of the sample is placed in the chamber over the bearing. The
bearing is rotated by means of a shaft secured to the inner race and attached
to a drill press. Provisions are made for controlling the temperature of

the grease in the chamber. The test is conducted at 4,775 rpm for 6 hours
‘with the temperature being controlled at 320°F.

The condition of the grease is noted and recorded after three hours of
the test has been completed. The condition is recorded as one of the
following consistency states:

Softeas but rrtrins grease ceasistency.
Softens to semiliquid state.

Almost liquid. :

Entirely liquid.

anow

A rating is given for the state of the grease at this point.

After the test has been completed and the grease cooled to 77°F, the
condition is again noted and recorded. The consistency at this time is
2¢5:n measured by means of the penetrometer. The grease is given a second
rating according to the difference between the initial and final measurements
as well as the appearance. '

The condition of the grease at the end of six hours may fall into one
of the following categories:

1. Slight hardening or -softening (0-50 ‘points oo the penetrometer).
~2.  Intermediate hardening or softening (51-100 points}). " '
3. Excessive hardening or-softening (100 points or over).

Other conditions of the grease such as grease becomes spongy, excessive
separation of oil from soap, or forming hard crust on the bearing and
components of the operating chamber are taken into consideration in rating
the grease at the end of the test.

19
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€
A. Condition of Grease During Test

Experimental Results ‘ Machine Rating
Retains normal grease comsistency 3-1/2
Semiliquid 8
Almost liquid 11
Thinned to liquid 15

"~ B. .Condition of Grease After Testl/

2/ Machine Rating -

Experimental Results=

- Slight hardening or softening of

test sample (0-50 points é/) 3
Intermediate hardening or softening
of sample (50-100 points) 7-1/2
Excensive hardering or s.ftening
of sample (100 points or over) 13
Ly Results recorded after sample has cooled to room temperature
2/ (77-80 F). '
' = In the event that any grease hardens to such an extent that it ' e
‘ 3/ becomes rubbery or gummy, then it will not g%_s_ this test. , . @
= Measured by the standard ASTM penetrometer. (Difference in

penetrometer readings taken before and after test.)

20




~~———.- Westinghouse

Tag Number
1, 2-PT-405
1, 2-PT-406
1,2-PT-455
1,2-PT-456
1,2-PT-457
1,2-pPT-458
1,2-LT=459
1,2-LT-460
1,2-LT-461
1,2-LT-501
1,2-LT-502
1,2-LT-503
1,2-LT-504
1,2-LT=517
"1,2-Li-013
1,2-L1--51¢
1,2-LT-527
1,2-1T-528

—————— - =

S 1 2-LTe529 -~

_1,2-LT-537
1,2-L7T-538

1,2-LT-547
1,2-LT-548

T —I7;2-LT-53¢—

I ZELT=5649 " T "

1,2-FT-512
1,2-FT-513
1,2-FT-522
1,2-FT-523
1,2-FT-532
1,2-FT-533
1, 2-FT-542
1,2-FT-543
1,2-PT-524
1,2-PT-525
1,2-PT-526
1,2-PT-534
1,2-PT-535
1,2-PT=536
1,2-LT-920
1,2-LT-921
1,2-LT-940
1,2-LT-941

E64041.02

TVA ID

Number

1,2-PT-68-68
1,2-PT-68-69

1,2-PT-68-340

1,2-PT-68-334
1,2-PT-68=-323
1,2-PT-68-322
1,2-LT-68-339
1,2-LT-68-335

1,2-LT-68-320

1,2-LT-3-43
1,2-LT-3-56
1,2-LT-3-98
1,2-LT-3-111
1,2-LT-3-42
1,2-LT-3-3¢
1,2-LT-3-38
1,2-LT-3-55
1,2-LT-3-52
1,2-LT-3-51
1,2-LT-3-97
1,2-LT-3-94
1,2-L1-3-93
1,2-1T-3-110

1,2-LT-3-107

1,2-LT-3-106
1,2-FT-1-34
1,2-FT-1-3B

1,2-FT-1-10B
1,2-FT-1-214
1,2-FT-1-21B
1,2-FT-1-284

- 1,2-FT-1-28B

1,2-PT-1-94
1,2-PT-1-93
1,2-PT-1-12
1,2-PT-1-204A
1,2-PT-1-20B
1,2-PT-1-23
1,2-LT-63-180
1,2-1T-63-18)
1,2-LT-63-182
1,2-LT-63-183

"1,2-FT-1-104

J

Attachment to NCR WBNNEB8401

Function

Wide range RCS pressure

Wide range RCS-pressure -

Pressurizer pressure
Pressurizer pressure
Pressurizer pressure
Pressurizer pressure-
Pressurizer level
Pressurizer level
Pressurizer level
Wide range SG level
Wide range SG level
Wide range SG level
Wide range SG level
Narrow range SG level

"Narrow range SG level

ddrrow range 86 le.2l
Narrow range SG level
Narrow range SG level

Narrow range-SG-level-———__

Narrow range SG level

Narrow-Tange SG-level
Narrow range SG level

Narrow-range SG-levet
Narrow range SG level

Narrow range-$6—ievet

Steam flow '
Steam flow ‘
Stean flow

Steam flow

Steam flow

Steam flow

Steam flow

Steam flow

Steam pressure

Steam pressure

Steam pressure

Steam pressure

Steam pressure

Steam pressure
Containment sump level
Containment sump leével
Containment sump level
Lontainment sump level



