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PUBLIC SERVICE COMPANY OF COLORADO

P. O.BOX 840 - DENVER, COLORADO 8020

April 15, 1983

611 Ryan Plaza Drive, Suite 100C
Arlington, T 76012

OSCAR R. LEX Fort St. Vrain
VICE PRESIDENT Unit No. 1
P-83132
/‘-”
. : P2 (C
Mr. John T, Collins, Regional Administrator K?\“i >
Nuclear Regulatory Cormission \
Region IV i AR 2 VT
Office of Inspection and Enforcement \
|

:

DOCKET NO: 50-267
SUBJECT: Fort St. Vrain CRDM Temperature

REFERENCES: (1) R, Clark (NRC) letter to

0.R. Lee (PSC) dated 12/2/82
(G-82384)

(2) Fort St. Vrain FSAR
Section 3.2.3.4.2

(3) Fort St. Vrain Technical
Specification SR 5.1.1

(4) Fort St. Vrain FSAR
Section 3,5.3, Table 3.5-6

Dear Mr. Collins:

In response to your request to provide a commitment in the form of a
Technical Specification which will limit the Fort St. Vrain (FSV)
Control Rod Drive Mechanisms' (CRDM) maximum operating temperature to
215°F, our Engineering Department has evaluated the LANL study which
was submitted to us by reference (1). This report concluded that the
maximum CRDM operating temperature of 215°F will not be exceeded at
100% reactor power providing all the orifice valves are open at least
40%, A review of the effects of keeping the orifice valves open a
minimum of 40% up to 100% power, along with our position on limiting
the operating temperature of the CRDM's to 215°F is discussed in this
letter.
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After reviewing the LANL study, PSC's Engineers could not identify
the logic used in selecting 215°F as a temperature limitation. There

weren't any specific details mentioned in the LANL Report which
indicated why the CRDM's would be expected to experience problems at
temperatures greater than 215°F, Therefore, we have concluded that
this maximum operating limit was selected without any supportive
technical basis.

In addition to the lack of technical basis, it is our position that
restricting the orifice valve position to greater than 40% open at
100% power would pose unacceptable operational problems. Operation
in this manner would lead to loss of temperature control for older
fuel regions and would make control of steam temperatures virtuaily
impossibie. More importantly, newly fueled regions would be starved
of flow necessary tc waintein compliance with FSV Technical
Specification LCO 4.1.7 (Core Inlet Orifice Vaives, Limiting
Condition for Operation). As a result, in order to run the CRDM's at
less than ?15°F tewmperature, we would be forced to run newer fuel at
much nigher than .ormal temperatures, pcssibly sacrificing some fuel
particle inteqrity. Therefore, we have concluded that restricting
the orifice valve pesition to 40% minimum opening at 100% power level
15 not comnatible with the safe or efficient operation of Fort St.
Vrain,

It is important to make & distinction between the CRDM operational
considerations and safe shutdown furctional capability
consicderations. Imposing a limit on CROM maximum operating
temperature minht be beneficicl from an operational standpoint.
However, the safe shucdown functional capabilities and, therefore,
the safety and well-being of the public are not affected by high
temperatures. No electrical or other power source is required to
achieve full insertion of the rods and no power source of any kind is
required to limit the speed of the rod insertion during a scram
(reference (2)). Hence, it is apparent that regardless of whether
the temperature of the control rod drive mechanisms are limited to
215°F, or allowed to operate at the predicted maximum temperature of
250°F, the plant has the capability of achieving a safe shutdown
configuration, thus protecting the public from any radiological
emcrgency due to failure of a CRDM. In addition, Fort St. Vrain has
a corpletely independent, redundant reactivity control system, the
Reserve Shutdown System, that can shut down the reactor in the
unlikely event that the normal control rod system malfunctions.

An in-situ performance test on the CRDM's is performed weekly when
the plant is at power to assure the control rods can be inserted
properly. This "Rod Drop" test is run in conjunction with a
temperature surveillance test on the CRDM's (Reference (3) and
Attachment 1). The present rod drop test is the most reliable and
informative means of monitoring the safe shutdown functional
capability of the control rod drive mechanisms on a continuing basis
under all power conditions.
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GA Technologies Inc. (formerly General Atomic Company) performed a
detailed analysis to determine the thermal expansion and mechanical
interference effects in the CRDM gear mechanisms due to high
temperatures (Attachment 2) . This analysis assumed a maximum
temperature of 280°F based on extrapolation of actual data taken with
the reactor at a power level of 40%. Worst case tolerance
combinations at 280°F resulted in probabilities of the gears jamming
of less than one in c¢ne million for one CRDM and one in one billion
for two CRDM's failing to scram. The control system design provides
adequate shutdown margin even with the two maximum worth rod pairs
withdrawn (reference (4)). PSC has reviewed and concurs with this
analysis.

The following s a summary of research conducted on the temperature
limits of the CRD motors. Electrically, there are three areas of
concern: the motor, the cable, and the penetraticn connection. An
analysis of the motor shows it to be capable of withstanding ean
ambient temperature of 272°F (Attachment 3?. The cables are rated at
¢L7°F (see Fig. 1). The connectors are rated up to 350°F (see Fig. 2
and Fig. 2). Therefore, the 1limiting electrical component
(negiectinc any synergistic effects) from a thermel standpoint would
be the cebles (257°F).

PSC has reviewed the recommencations in the LANL report tc decrease
the temperature of the CRDM's. Only the LANL recommended items 1 and
2 are realistic fcr implementation at FSV. The additioral cooling of
purge gac ccila be designed into the helium purification system, but
this option is the least effective from a thermal standpoint. It is
not feasioble for all rods to have the purge flow rate increased
simultaneously beceuse the additional amount of purified helium
required would exceed the available capacity from the helium
purification system. Increased helium flow in selected CRDM's is
feasible, but this would be very difficult to administer
operationally.

PSC's position is that no technical specification temperature limit
should be imposed upon the control rod drive mechanisms. We have
based our decision on the fact that the operational history of the
CRDM's has displayed no signs of problems due to thermal effects, the
temperature rating of the components, and the CRDM's are in-situ
tested routinely more frequently than Technical Specification
surveillance requirements. Also, as we mentioned earlier, the fact
that the electrical operation of the CRDM's is not necessary for safe
shutdown of the reactor was an influencing factor for our decision.
We will continue to closely monitor the operation of the control rod
drive mechanisms, and we will keep our records on their operational
history up-to-date. NRC concurrence with this position is requested.
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If you have any questions please contact Mr. J.R. Reesy at (303)
571-8406.

Very truly yours,

jJZﬁ%A?AL,/
0. R, Lee, Vice President

Electric Production
CRL/DYA:pa

Enclosures

ATTACHMENTS

1. Fort St. Vrain Surveillance SR-RE-4-W

2. W. A, Graul, "Fort St. Vrain Control Rod Drive Mechanism -
Thermal Expansion Effects", GA Letter GP-1014, June 9, 1981

3. I. G. Khamis, "Reply to D. W. Ketchen”, GA Memo
FSV-ME:DWK:19:78

LIST OF FIGURES

1. Skim Motor; Gulf General Atomic Dwg. # SLR-D1201-218
2. Closurc Assembly; Gulf Genzral Atomic Dwg. # SLR-D1201-275
3. ITT Canron Catalog; pg. 233 (1980 edition)



UNTTED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

In the Matter

)
)
Public Service Company of Colorado ) Docket No. 50-267
Fort St. Vrain Unit No. 1 )

AFFIDAVIT

0. R. Lee, being duly sworn, hereby deposes and says that he is
Vice President of Pubiic fervic2 Company of Colorado; that he is duly
authorized to sign é&nd file with the Wuclear Rogulatory Commission
the attached response to the NRC Letter from R, Clark to 0. R, Lee
dated December 2, 1982 (G-82384); that he is familiar with the
content thereof; and that the matters set Torth therein are true and
correct to the best of his knowledge, information ana b2lief.

it

Vice President

STATE OF___ (g luradle )
COUNTY OF  dlowen” )

Subscribed and sworn to before me, a Notary Public in and for

on this /& day of _agrl. , 1983,

P Q8Ue

Notary Public ;
rady G036 &. 113 HST0ck

W/L/‘ j"&f!

My commission expires _ Gecgees /9 , 1983,
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* PUBLIC SERVICE COMPANY OF COLORADO

FORT ST. VRAIN NUCLEAR GENERATING STATION Issue 1
Page 1 of 8
TITLE: CRD TEMPERATURE DATA COLLECTION
DZPARTMENT: RESULTS
ISSUANCE | P [ |
AUTHCRIZEDI  « .. wa®)
8Y | 1
PORC | ' 99 EFFECTIVE
| REVIEW | PORC 496 DL 221982 DATE 12- 24 - 8%
' Alifj i-15-83
Do not start test sefore ——dF—i-ed Week # _ 2
and rust Le completed b)/‘:/’a; ] Xj Sch. Cle k
This procecdure cannot be run in its entirety for the following
reasons:
AR N This system is not operating.
i This system ig mat reguired to be operating and has

a frequency o one month or less (reference
Techrica® Specification, paragraph 2.18).

— Reactor is in "scrammed" condition.
o Loop I is in "Loop Shutdown" condition.
. % Loop II 15 in “Loop Shutdown" condition.
=y 1A Helium circulator is in “tripped condition".
U o 18 Helium circulator is in "¢ripped condition".
T 1C HYelium circulator is in "tripped condition".
LT 1D Helium circulator is in "tripped condition".
— 8. Other

1. Reschedule test for

Department Supervisor

FORM 372 . 22 . 3642



EORT ST. VRAIN NUCLEAR GENERATING STATION issue 1

Page 2 of 8

\45 PUBLIC SERVICE COMPANY OF COLORADO Si-fz-é-w

1.0 PURPCSE

The purpose of this test is to provide for regular temperature
recordings of the CRD assemblies that are equipped with
temperature devices.

2.0 ORECAUTIONS, LIMITATIONS., AND SPESCIAL ASSISTANCE
None.
3.0 PREREQUISITES

3.1 Test Equipment

Last Calipration
Name Identifization No Daze

None

DM M =347 G-§2__

3.2 Referances

¢.0 AUTHORIZATIONS g i
3 o / / / ' ‘/r": ‘ A
4.1 Departmental Approval (g (ML lb b2 /Y E5

ept. Supervisor Date

.

4.2 Mech/Elec Clearance Issued,kif required: Number Not Required

4.3 Radiation Work Permit lssued, if required: Number Not Reguired

/1 P-F3

Shifs ervisor Date

4.4 Permission to initiate test

FORM 372 - 22 3643



FORT ST. VRAIN NUCLEAR GENERATING STATION

,.! } PUBLIC SERVICE COMPANY OF COLORADO

SR=RE=-2-W
Issue 1
Page 3 of 8

5.0 PROCEDURE

5.1 PRELIMINARY CHECKS

£.1.1 The temperatures are to be
read when the reacior power
level ic 2 50% or the core Ap
is 2 3 psid and,

a) As soon as possible
after weekly contro!
rod drop tests (SR
5...1b=M) have been
performed.

b) When the reactor
steady=-state power
level is changed 210%
or nore. 1This test
can be done at the
same time that the
linear power channels
are calibrated because
of the change in the
power level.

5.2 TEST PROCEDURE (FOR DATA COLLECTION
ONLY)
5.2.1 The temperatures to be i 7

are the CRD motor, orifice
valve motor plate and upper
helium environment
temperatures of the CRD's
which have had RTD's
(Resistance Temperature
Devices) installed in the
aforementioned areas. RTD's
will eventually be installed
in all the CRD assemblies as
the CRD's are pulled out for
maintenance and refueling
over the next few years.
(See data sheets for
recording of temperatures.)

-

ate

FORM 372 22 3643
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SR
FORT ST. VRAIN NUCLEAR GENERATING STATION 5:

o

2.2 A1l temperatures should be
less than 300°F, if not,
contact Results Department L e
Supervisor.

vl J3

Test uggo-f:of Signagre Date

FORAM 372-22 3643
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FORT ST. VRAIN NUCLEAR GENERATING STATION éssue,l i
Page 5 cf 8

DATA SHEET
, Averzge Core
Reactor PQwWzR Zf % Inlet Temp. [ Do 3 °F

. Primary Coplant
Core 4? PSID ,__,5',(;.3 _ Flow 7€ 2~

[ORIFICE | GRO | CROD  [JORITICE VALVE |UPPER HELILF '
REGION | POSITION !POSITION IMCTOR TEMP. [MOTOR PLATE | ENVIRONMENT

e

|
: [{(% OPEN) |{14CHES) ' (°F) {TEMP. (°F) [TEMP. (°F) |
| : I ; o, l
1= | s | | L 2e2. & i
| LA | L 292 2. |
B VLB L LT0 -1 '
| ol =-TIT SN /
I e | _se0, 2. | g2 3¢ . .
Fa S| i b | LR R 30,3 | A4

|
i
I
l
|
|
|
I
!
i
l
|
l
i
l
l
l
|
I
i
I
|
l
l
l
l
|
I
l
I
I
|

|
|
|
|
|
|
|
|
!
|
l
1
|
|
1
|
|
I
!
|
|
1
i
|
|
!
|
s

Al
Bl s

Test Condugtor Signﬂj Date

—

FORM 37222 - 3643
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:5 PUBLIC SERVICE COMPANY OF COLORADO s3-32-¢-v

DATA SHEET

Average (Core

Reactor POWER % Inlet Temp. °F
P-imary Coclan*
Core 2P PSI0 ___ __ _ F” ow r g
TORICIZE ) <P | LGRO TOR.~ICE VALVE 'LBPEIR AEIUMI
REGION  (POSITION (POSITION [HOTOR TEMP. |MOTOR PLATE | ENVIROMMEN)

1(% OPEN) I(INCHES) | (°F) Tew, (°F;  (TEMS. (°F) |

- ——— ———

FORM 37222 3643
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FORT ST. VRAIN NUCLEAR GENERATING STATION Issue 1
Page 7 of 8

55 PUBLIC SERVICE COMPANY OF COLORADO Si-Ri=é-w

6.0 TEST CONDUCTOR'S REPORT

6.1 Were any procedure changes or deviations made tc the test
and CCCF/PDR initiated? (Attach copies if applicable)
Yes No &

6.2 Were all steps succpssfully cumpleted as stated in test.
Yesr™" NoZ=_MA-

6.3 If the arswer to 6.2 is NC, aot'fy Department Supervisor
anad list concditions anc:or PTR number(s):

’ A
, N, "L o .
6.4 Tesc complated ex®pc for iters noved in 6.3
e ' oo
N - "
(A% .b\- #/-h 24 O "} )
LestAen uc.cr :;"' “Tete

6.5 Test sheets and data snvf‘s reviewed and approved excap:
fer items nored in 6.3

d.: S L P -——L&.‘——

alle’
Bepa:tmeit Reprasertative 'ﬁh.e

7.0 DEPARTMENT SJPcFVISOR S/TEST CONODUCTOR'S REVILEW
the arswer o E.. 1s YES, sections 7.0 ind 8.0 are not
applicable go to Section 9.0)

el ces the failure described .3 reguire any acticn or
1mpose any 1imit to operat icn per the applicable LCO(s)?
Yes No N/A

7.2 Applicable LCO(s)

Action or Limit

7.3 Is the reason test is not being completed at this time due
A to plant or equipment status?
Yes No N/A

7.4 If the answer to 7.3 is YES, list condition(s) and/or PTR
number{(s):

7.5 Is retest necessary for items listed in 6.3 and/or 7.47
Yes No N/A

FORM 372 22 3643
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f the answer to 7.5 is YES; list specific section(s) or

.8 1
step(s) to be retested.

Cepz. Supervisor/Test Conductor Date

8.0 RETEST SECTION
(If the answer %2 7.5 is HC go to Sescticr 9 0)

8.1 Verify satisfactory retest of sectiga/:) or step(s) 1istes

in 7.6

R ——— e

Retast Longuctor

8.2 Retest reviewed,

‘Department 3egresentet /2 Date

9.0 APEROVALS

9.1 Test results approvec Sat1sfac‘ory resuits confirm
'/kC\.( ’, :

9.2 Notification of satisfactory test results and test

conclusion:
{
%MZ‘“ ,=20-8 F
hift Supervisor Date

9.3 Requires Station Manager evaluation:

Department Supervisor Jate

9.4

Station Manager Date

10.0 DATA SHEETS RECEIVED, VERIFIED SECTION 9.0 COMPLETE. AND
VEILLANCE RECORDS UPDATED.

e Keritin [-20-£37
cheduling Technician ate
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GENERAL ATOMIC COMPANY
PO. BOX 81608
SAN DIEGO. CALIFORNIA 92138
(714) 4§5-3000
June 9, 1981
GP~1C14

- i
SY5-12
M-. D. W. Warembourg
Manager, Nuclear Production
Public Service Company of Cclorado
16855 Road 19 1/2
Platteville, CC 80851

Subject: Fort St. Vrain Control Rod Drive
Mechanisn - Thermal Expansion
Effacts

Dear Mr. Warembourg:

In the process of reviewing the function of the Fort St. Vrain control
rod drive mechanism, a concern was rzised regarding potential for gear
jamming under worst case tolerance stack-up and high temperature
operating conditions. Althcugh this was considered to be a highly
unlikely event, a review was initiasted at GAC expense to quantify the
extent of any potentfal interference and to assess the likelihood of
encountering a problem.

Results of these investigatiorns showed that the chances of encountering
a failure to scram is extremely remote (less than 1 in 1,000,000). In
addition, the rod drop surveillance tests, currently conducted regularly
during plant operation and as higher temperatures are encountered during
fluctuation testing above 70% power, give positive assurznce that the
mechanism remains functional.

The following summary memos and design calculations are enclosed for
your information and use:

1) CE:MDD:RR:124:81, "Control Rod Drive Mechanism - Thermal
Expansion Effects,” dated 31 March 1981.

2) CE:MDD:ECH:123:81, "Thermal Expansion of the Control Rod
Mechanisms at 280°F," dated 31 March 1981.

3) SAB:035:RL:81, "Control Rod Drive Clearances," dated 24 March
1981.

AC Eedfenie Leag 'D
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4) Design Doc. No. 906015, "Control Rod Drive Clearances," dated
May 11, 1981.

5) Design Doc. No. C-12-006, "Control Rod Drive Component Clear-
ances at 280°F," dated April 22, 1981.

A copy of this material has been sent to Mr. Swart by separate letter.
Should vcu have any questions, please contact R. Rosenberg at (714)
Very truly yours,

Py

ﬁillina A. Graul, Maaager
Fort St. Vrain Project

-

Al o

Enclosures



INTERNAL CORRESPOLDENCE

GA!ON.

&
FAOM  R. Rosenberg% I REPLY  Proj. 1900
T0 CinRramhdpct CE:MDD:RR:124:81

OATE Mareh 31, 1981
SUBJET trol Rod Drive Mechanism - Thermal Expansion Effects

2

a) Memo CE:MDD:ECH:123:81, BE. C. Harvey to R. Resenberg, "Thermal
Expansion of Cemtrol Red Drive at 280°F" dated 3/31/81.

b) Memo SAB:02S5:RL:81, R. leary tc Files, "Control Rod Drive
Clearances” dated 3/24/81.

Tte eflects of thermal exvansion on ths ability c¢f the control
viud deives te scram upon demazud were assessed (sce FReference a,
attsche«; for eavironmental temperatures vp tu 229°F,

Oncer worst case tolerance stack-up conditions twc areas were
found where geers potentially could jam, however, an in-depth
review of boch areas has lead tc the conclusion the contrecl red
drives should perform the scram function mnormally.

In the firrt instance o situatiom starting at 129°F could ceccur
in the instrument year train which would cause these gerrs to jam
(again, assuming worst case tolerance stack-ups) Eowever, sufficient
torque is produced by =he dead weight of the control rods te fail
the jammed gear teeth rad permit a scram to occur.

In the second instance, jarming of she main gear train under
worst case conditions could occur at 1453°F. leference b exa—mines
the probability of the multiplicity of tolerances involved all
going to their maximum limits and also aligned to produce the worst
case conditions. The conclusion of reference b) is the chances of
this occurring in one drive are less than 1 in 1,000,000 and in two or
more drives the chances are less than 1 in 1,000,000,000.

RR:ce

ce: R. A. B. 01d
E. Harvey
R. Leary

D. Alberstein
- EDP



INTERNAL CORRESPONDENCE
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FROM

SUBJECT

IN REPLY
E. C. Harvey %QW REFER T0 Proj. 1900
CE:MDD:ECH:123:81

R. Rosenberg DATE March 31, 1981

Thermal Expansion of the Control Rod Drive Mechanisms at 280°F

1. "Control Rod Drive Clearances at 280°F", E. C. Harvey, Document
C-12-006, 29 January 1981.

2. ™Thermal Frpareics of the Contrel Fod Drive Assemb.ly Cumdoveuts
at 280°T", E. C. Earvey, Memo MEE./DD ECE:62:81.

3. “Control 20d Clearances"”, R. Leary, Memc SAE:035:3L:81.

SUMMART

An anslysis, reference 1, was rade to Jete miae¢ the mavimum (besc)
or minimum (worse) case clearances between 7various compomerrs on the
Ft. St. Vrain Contzol Rocd Drive Assembly ac a torperature of 2807,
No problems are anticiparec due 2 the incra2ase ln clearance betweer
the main d~ive bearing bushiungs and the housinzs “see Filiures L ard 2).
Also, no pr blems are anticipztad dus %o rhe rasul'ant clearance increasa
batween the b2aring burhings located 'n the g-ide dullev assembly
(see Figure 3). The potentinmeter gezr *rzl1, vee Figure 2, has two
aluminmm gears in mesh with stainiess sceel gears. The gears are
mounted on shafts in meehznite castings. This combination of materials
results in a worse case interference of .0C22 inches due to a net ceater
distance decrease between the gears. If the tolerance build-up at
280°F results in an interference conditiom, the torque available at
the drum shaft, due to the static weight of the control rod, is
sufficient to strip the aluminum gear teeth, thus a scram would not
be inhibited. However, a loss of position readout and "rod-in"
indication would occur.

A potential .0007 inch interference is possible between two
gears in the main drive gear system at 280°F for a worss case tolerance
condition, which could inhibit a control rod scram. However, it is
extremely unlikely that all components will in fact be at the worst
tolerance. A statistical analysis was made, see reference 3, and
based on conservative assumptions, a very low (~10-6) probability of
an interference in any given drive is calculated. The probability of
two or more interferences among the 37 control rod drives is found
to be extremely remote (~1079).



R. Rosenberg o March 31, 1981
DISCUSSION OF ANALYSIS

1. Bushing SLR-D1201-209 and Housing SLR-D1201-207 (see Figure 1)

The stainless steel bushing is press-fitted into an aluminum
housing at room temperature. A worse case clearance of .0007
inches is possible at 280°F. The switch assembly housing will
retain the bushing, and no problems are anticipated.

2. Gear SLR-D1201-208 and Housing SLR-D1201-207 (see Figure 2)

The stainless steel gear i3 nress-fitted inrn the aluzinum
housing at room :enporature. A worse case clegrance of .00C7
inches is possible at 280°F. The gear is held in place 3v a
dog-point set screw, and is therefure accestably retained.

3 Bearing SLR-D1201-239 snd Bushing SLR-D1201-20C9, plus Rearing
S'R-D1201-260 and Gear SLR-D1251-208 (see Figure 1)

A .0007 inch worse case clearance exists at room temperature.
The Iltcritls are sizilar, therefore the szme clearance would
exist at 280°F.
«239.

4. Potentiometer Gear Traim SLR-D1201-208, -241, =242, and

Nousirgs SLR-D1271-230, =231 (see Pi"u:e 2)
|Gears and Eousings | Center Clearance at | Resultant Clearance
Part Numbers Distance 68°7 'or Interference at
Decreage | 1 280°F
at 280°F | Min. Max. |Worst Best
Tolerance Tolerance
Case Case
SLR-D1201-208, =239 Interference | Clearance
SLR-D1201-230, =231 | .0019" *,0004"! ,0132"] .0015" .00123"
SLR-D1201-241, =242 Interference | Clearance
SLR-D1201-230, =231 | .0041" .0009"|{ .0153"{.0032" .0112"
*Ar 280°7

A potential interference condition exists between both pairs of
gears in the potentiocmeter gear train (see tabulaticn above and graph
oumber 1). If an interference condition occurs the torque available
at the drum shaft due to static weight of the control rod is sufficient
to strip the alurinum gear teeth. A force four times the ultimate
bending strength of the gear teeth exists in the event of an inter=-
ference, thus a scram would not be inhibited, however a loss of
position readout and "rod-in" indication would occur.



R. Roasenberg

3.

March J1, 1981

Guide Pulleys SLR-D1201-213, -1, =2, -2 and Bushines SL2-D1201-213-4,

3,7plus Bearinzs SLR-D1201-216 (see Figure 3)

The stainless steel bushings are press-fitted into the aluminum
pulleys at room temperature. A worse case clearance equal to .000S5
inches maximum is possible at 280°F. The bushings in the pulley,
and the pulleys are not held captive at 280F, thus the rotation
of the pulleys could be inhibited. If tihis were to occur a scram
would not be inhibited, because the cakles would slide.

The bearings and bushings are manufactured from similar materials,
therefore, the tolerance fit that exists at room temperature would

exist at 280°F.

6. Riag Gear SLR-~D1201-202-7 and Pinion SIR=-DI201-202-6 (sea

Fieure 1)

The pinion and ring zear enzagement clearance (werse
incresses .(G006 inches at 280°¥, and therefore no problen

locaticn 1is expected.

p A Cear Train SLR-D1201..202-2,

"31 ""J °51 "6)

-10,

case)
at this

=1’ and Bousings

SLR-D1201-230,

-231 (see Figure 1)

Gears and Honsings | Canter | Clesarance | ResuLtant Liearance
Paxt Numbers Distaace| at 65°F or lnterferoace ac :
Decrease | S et
at 280°F | Min. Max. Verat Pes?
Tolerance Tolerance
Case Case
SLR-D1201-202-10, =11 . Clearance Clearance
and .0007" .0009" | .0150" | .0002" .0157"
SLR-D1201-217, =230,
=231
SLR-D1201-202-2, =3 Interference| Clearance
and oo .0004" | .0130" | .0007" .0119"
| SLR-D1201-230, -231
SLR-D1201-202-4, -5 Clearance Clearance
and .0006" .0008" | .0206" | .0002" .0200"
SLR-D1201-230, =231

The gears are manufactured from nitralloy 135 arnd are mounted in

meehanite castinys

gear set at 280°F (see tabulation above).
inch interference is possible between gears SLR-D1201-202-3 and
-4 for a worse case tolerance conditiom at ’80°F which would

inhibit a control rod scram.

The center distance decreases on each mating

A potential .0007

However, this same pair of gears

- - —




R. Rosegberg - March 31, 1981

-
=

could have a maxirum clearance of .N11% inches for a best tolerance
case. This relationship is shown in graph rumber 2. It is
extremely unlikely that all the tclerances (17) will be in a worse
case condition. A statistical analvsis was made, see refereance 3,
and based on wh&t are believed to be conservative assumptions a
very low (~10-6) probability of an interference in any given drive
is calculated. The probability of two or more interferences among
37 control rod drives is found to be extrermely remote (~1077),

If the control rods are lowered 3.1 inches during control rod
surveillance drop tests, gear SLR-D1201-202-3 would rotate one
revolution. This would be an indication chat ne interfereace exists.

SC

D. Alberstein
J. E. Acderson
G. C. Bramblertt
B. 8. Havke

R. 4. 3. OMd
m¥
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INTEnNAL CORREZMINTENCE

P® -+ GAINTE

i—

FROM

SUBJECT

IN REPLY
R. Leary ﬁ"/ i REFER TO
y ; SAB:035:RL:81-
Files DATE

March 24, 1981
Control Rod Drive Clearances

Ref. 1.: "Control Rod Drive Clearances at 280°F," E. C. Harvey,
Document C-12-006.

STMMARY

In the cited reference, a "worst'" case control rod drive clearance
analysis for gears 2 and ] is presented which indicates a possible inter-
ference at 280°F. Seventeen components of the total clearance are identi=-
fied together with their associated tolerances. If the most unfavorable
tolerance is selected for each component, a minimum clearance of 0.0004"
at 68° results. This is not sufficient to accommodate an anticipated
0.0011" center distance decrease at 280°F. However, it is extremely
unlikely that all seventeen compcnents will in fact be at the "worst"
tolerance. The analysis presented here treats this problem from a
statistical pcint of view. Based on what are believed to be conservative,
even pessinmistic, assumptions, a very low (v107°%) probability of an inter-
ference in any given drive is calculated. The probability of two or more
1ntctfgrences among 37 control rod drives is found to be extremely remote
- %1077,

DISCUSSICN

The tolerances from Ref. 1 for the seventeen components of the total
clearance for gears 2 and 3 are presented in the "worst'" and "best" condi-
tion columns in Table 1. If the "worst'" condition values are summed, the
overall clearance is 0.0004' at 68°F. This is not adequate to allow an
anticipated 0.0011" center distance decrease at 280°. However, it is
implausible that all seventeen components will actually be at the "worst"
condition tolerance. In order to estimate the actual probability of an
interference, a statistical treatment is necessary.

The following assumptions are made.

i) The seventeen components of the total clearance are independent
and additive — that is, the total clearance is simply the sum
of the individual components.

11) Each component can be treated as a random variable with a
"mormal (Caussian) distribution. The mean and standard
deviation, due to lack of explicit data, are determined
using engineering judgment.



Table 1

Worst Best —" Standard
Condition Condition Deviation
a) Gear 2 — composite tol. 0.0008 0.0000 0.00060 0.00010
b) Gear 3 — composite tol. 0.0011 0.0000 0.00083 0.00014

¢) Tooth thinning
Gear 2 (0.0024) (0.0047) (0.00355) 0.00058
Gear 3 - (0.0027) (0.0054) (0.00405) 0.00068
d) Radial play — bearing 10A (0.0004) (0.0006) (0.00050) 0.00005
e) Radial runout — bearing 10A 0.0006 0.0000 0.00003 0.00015
f) Eccentricity — bearing shafts 0.0005 0.0000 0.00028 0.00006
g8) Eccentricity — housing 0.0005 0.0000 0.00038 0.00006
h) Radial clearance — housing (0.0003) (0.0008) (0.00042) 0.00006
i) Radial clearance — gear 2 brg. 0.0002 (0.0001) 0.00013 0.00004
j) Radial play — bearing 4C (6.0004) (0.0006) (0.00050) 0.00005
k) Radial runout — bearing 4C 0.0006 0.0000 0.00030 0.00015
1) Eccentricity — bearing shafts 0.0004 0.0000 . 0.00030 0.00005
m) Eccentricity — housing 0.0005 0.0000 0.00038 0.00006
n) Eccentricity — gear 3 0.0004 0.0000 0.00030 0.00005
o) Radial clearance — housing 0.0003 (0.0003) 0.00015 0.00008
p) Radial clearance — brg. 4C (0.0001) (0.0004) (0.00018) 0.00004
q) Radial clearance — gear 3 0.0000 (0.0004) (0.00010) 0.00005
Clearance (0.0004) (0.0133) (0.0055) 0.00093




.

For most components, engigeering judgment indicates that the manufac-
turing process might bias the mean toward the "worst'" condition side of the
tolerance range. For such components, a mean value was computed from a
weighted average of the "worst" and "best" condition values, with 75%
weighting on the "worst" value. Thus the assumed mean value is three
times closer to the "worst" condition than the "best." The assumed
standard deviation is half the difference between the ma®'and the "worst"
value, so the "worst" value is a "20" limit on the distribution. For
several components, namely c, d, e, j, and k in Table 1, it was thought
that the manufacturing process might bias the mean toward the "best"
condition or at least no worse than the midpoint of the tolerance range.
Here a 507 weighting on both the "worst" and "best" values (i.e. range
midpoint) was used. The standard deviation was calculated as above.

The assumed means and standard deviations are listed in Table 1. It
follows from assumption i) and the laws of statistics that the mean clearance
is the sum of the individual component means with standard deviation equal
to the square root of the sum of the squares of the individual component
standard deviations. These values are computed to be

Mean Clearance 0.0055"
Standard Deviation 0.00093"

Based on these values, the probability of an interference at 280° or
equivalently a clearance of less than 0.0011" at 68° can be found from
tables of the normal distribution. It is seen that the value 0.0011" is
approximately 4.7 standard deviations below the mean clearance, L84

(0.0055 - 0.0011)/0.00093 = 4.7 *

The probability of obtaining a value this small is extremely remote —
actually beyond the limits of most tables of the normal distribution.
A useful approximation for such extreme values is given by

-="/2
1 o
P&x) =
/2n »

where P(x) is the probability of obtaining a value more than x-standard
deviations below the mean. For x = 4.7, the formula yields a probability
of 1.4 x 1078,



e

Based on thiis value, the probability of a single 1n:etf‘rgnco among
37 control rod drives is approximately 5 x 1075, The probability of two
interferences is given by

E) o+ (-

= 1.3 x10°

The probability of more than two interferences is so remote as to be
negligible.

RL:sc

ce: D. Alberstein
G. Bramblett «
W. Davison
W. Graul
E. Harvey
R. 01d
W. Simon
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In the cited reference, a "worst” case control rod drive clearance
analysis for gears 2 and 3 is presented which indicates a possible inter-
ference at 280°F. Seventeen components of the total clearance are identi-
fied together with their associated tolerances. If the most unfavorable
tolerance is selected for each componment, a minimum clearance of 0.0004"
at 68° results. This is not sufficient to accommodate an anticipated
0.0011" center distance decrease at 280°F. However, it is extremely
unlikely that all seventeen components will in fact be at the "worst"
tolerance. The analysis presented here treats this problem from a
statistical point of view. Based on what are believed to be conservative,
even pessimistic, assumptions, a very low (v10™%) probability of an inter-
ference in any given drive is calculated. The probability of two or more
utufgtnncu among 37 control rod drives is found to be extremely remote
- %1077,

DISCUSSION

The tolerances from Ref. 1 for the seventeen components of the total
clearance for gears 2 and 3 are presented in the "worst" and "best" condi-
tion columns in Table 1. If the "worst" condition values are summed, the
overall clearance is 0.0004"™ at 68°F. This is not adequate to allow an
anticipated 0.0011" center distance decrease. at 280°. However, it is — e ouny
implausible that all seventeen compcments will actually be at the "worst"
condition tolerance. In order to estimate the actual probability of an
interference, a statistical treatment is necessary.

The following assumptions are made.

1) The seventeen components of the total clearance are independent
¥ and additive — that is, the total clearance is simply the sum
of the individual components.

1i) Each component can be treated as a random variable with a
normal (Gaussian) distribution. The mean and standard
deviation, due to lack of explicit data, are determined
using engineering judgment. e el

Ref. 1. "Control Rod Drive Clearances at 280°F," E. C. Harvey,
Document C-12-006. Ty -
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Table 1

Worst .. . i Standard

Condition Condition - Deviation

a) Gear 2 — composite tol. 0.0008 0.0000 0.00060 0.00010
b) Gear 3 — composite tol. 0.0011 0.0000 0.00083 0.00014

¢) Tooth thinning

Gear 2 (0.0024) (0.0047) (0.00355) 0.00058
Gear 3 (0.0027) (0.0054) (0.00408) 0.00068

d) Radial play — bearing 10A (0.0004) (0.0006) (0.00050) 0.00005
e) Radial runout — bearing 10A 0.0006 0.0000 0.00003 0.00015
£) Eccentricity — bearing shafts 0.000S 0.0000 0.00038 0.00006
) Eccentricity — housing 0.0005 0.0000 0.00038 0.00006
h) Radial clearance — housing (0.0003) (0.0008) (0.00042) 0.00006
i) Radial clearance — gear 2 brg. 0.0002 (0.0001) 0.00013 0.00004
1) Radial play — bearing 4C (0.0004) (0.0006) (0.00050) | 0.00005
k) Radial rumout — bearing 4C 0.0006 0.0000 0.00030 0.00015
1) Eccentricity — bearing shafts 0.0004 0.0000 0.00030 0.00005
m) Eccentricity — housing 0.0005 0.0000 0.00038 0.00006
n) Eccentricity — gear 3 3.0004 0.0000 0.00030 0.00005
o) Radial clearance — housing 0.0003 (0.0003) 0.00015 0.00008
p) Radial clearance — brg. 4C (0.0001) (0.0004) (0.00018) 0.00004
q) Radial clearance — gear 3J 0.0000 (0.0004) (0.00010) 0.00005
Clearance (0.0004) (0.0133) (0.0055) 0.00093
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For most components, engineering judgment indicates that the manufac-
turing process might biis the mean toward the "worst" conditionm side of the
tolerance range. For such components, a mean value was computed from a -
weighted average of the "worst”" and "best" condition values, with 75%
weighting on the "worst" value. Thus the assumed mean value is three
times closer to the "worst" conditiom than the "best." _The assumed
standard deviation is half the difference becween the man and the "worst"
value, so the "worst” value is a "20" limit on the distributicn. For
several components, namely c, d, e, j, and k in Table 1, it was thought
that the manufacturing process might bias the mean toward the "best”
condition or at least no worse than the midpoint of the tolerance range.
Here a 50% weighting om both the "worsc” and "best” values (i.e. range
midpoint) was used. The standard deviation was calculated as above.

The assumed means and standard deviations are listed in Table 1. It
follows from assumption 1) and the laws of statistics that the mean clearance
is the sum of the individual component means with standard deviatiom equal
to the squure rcot of the sum of the squares of the individual component
standard deviations. These values are computed to be

Mean Clearance 0.0055"
Standard Deviation 0.00093"

Based on these values, the probability of an interferemce at 280° or
equivalently a clearance of less than 0.0011" at 68° can be found from
tables of the normal distribution. It is seen that the value 0.0011" is
approximately 4.7 standard deviations below the mean clearance, i.e.,

(0.0055 - 0.0011)/0.00093 = 4.7

The probabilicy of obtaining a value this small is extremely remote —
actually beyond the limits of most tables of the normal distributiom.
A useful approximation for such extreme values is given by

-32/2
¢ 4 -
P(x) =
%3 -

where P(x) is the probability of obtaining a value more than x-standard
deviations below the mean. For x = 4.7, the formula yields a probability
of 1.4 x 1076,
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. Based on this value, the probability of a single interference among.
37 control rod drives is approximately 5 x 10”5, The probability of twe
interferences is given by

(2) o -

- 1.3 x 109

The probability of more than two interferences is so remdte as to be
negligible.
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