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2.0

3.0

1.0

PURPOSE

The Engineering Evaluation (EE) 15 an integrated system study of
the Fort St. Vrain (FSV) Control Rod Position Indication (‘PI)
system, This study was identified as a long term action item in
"Preliminary Report Related To the Restart and Continued
Operation of Fort St. Vrain Nuclear Generating Station" dated
October 1984 (reference 1). The RP! instrumentation, actuation,
indication and associated passive components were evaluated,
while addressing all known concerns,

This EE wil)l serve as an input to the Control Rod Drive mechanism
temperature requalification plan, the design basis documentation
and several FSV action requests.

SUMMARYY

This EE determined that long term upgrades to the RP! system are
desirable, Recommendations for improvements may be found in the
conclusions section, This study shows the effectiveness of the
agmiristrative 1imits to prevent uverdriving the rod pairs. In
fact, it is significant to note that subsequent to the
establishment of the administrative limits and replacement of the
RPI  components during 1985, no failures of the RP]
instrumentation have occurred, This is believed to be due to
improved operator training, replacement with new components,
understanding the failure modes and the basic ruggedness of the
components, It is anticipated that the componerts will
eventually wear to the point of needing replacement or they may
be replaced as a function of planned maintenance., The proposed
replacement components will not have the problems associated with
mechanical operation. The proposed sensors are non-contact and
the potentiometer s designed to operate under postulated
abnormal conditions well beyond those required.

SCOPE

This EE is an evaluation of all RPl components including:
inst tion, ancillary equipment, indication methods and
assoc passive components., A1l components and circuits are
none- related. Each item wiil be evaluated individually,

except wmere reasons exist to allow typical analysis. The
following 1s a 1ist of all items reviewed, along with a brief

description,
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3.2

3.1 E!! instrumentation evalysted included (reference Appendix
, sketches 1, 2 and J):

3.1.1

3.1.2

3.1.3

3.1.4

Position transmitter: potentiometer, “dual gang,
10 turn, 1000 ohm, 1 each per rod pair

Fullein/full-out position: switch, 1imit, double
throw, single pole, 28vdc, 10A, 2 pairs of 2 each
per rod pair

Slack cable condition: switch, limit, double
throw, single pole, 28vdc, 10A, 2 each per rod
pair

Full retract position: switch, limit, double
throw, single pole, 28vdc, 10A, 1 each per rod
cable, (2 cables per rod pair)

*Two electrically independent potentiometers on a common shaft

Ancillary equipment evaluated included (reference Appendix
K ih!c*u' a,"F!‘d"ﬂon '

3.2.1

3.2.2
3.2.3

3.2.4

£ B

(&

3.3.2

Drive shaft (potentiometer shaft): drives
potentiometer directly and cam drum indirectly, |
each per rod pair

Cam drum: moves cams relative to the full-in/fyll-
out limit switches, 1 each per rod pair

Cams: actuate fullein/fyulleout limit switches, 2
pairs of 2 each per rod pair

Calibrated counter bl\lncing springs: actuate
slack cable switches wupon loss of weight of
control rod on springs

3.3 Indication methods evaluated included:

Full-in, fyulleout and slack ca~le limit lights;
color coded, powered thry contact on relays (wired
fail safe), 1 each per condition per rod pair

Position indicator; analog, voltage Dbased,
indication per position transmitter current output
(part 1), 1 each per rod pair

FORW A W 22 w7
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I Position indicator; digital, voltage based,
indication per position transmitter current output
(part 2), 1 set (selectable by rod group)

3.3.4 Relays; energized thru 1limit switches, provide
power thru contact to indicating lights, 1 each
per condition per rod pair

3.4 Associated passive components evaluated included:

3.4.1 Power supply: voltage, for limit switch circuit:,
24vdc, 1 each

3.4.2 Power supply: current, for all position
transmitters, 1 each

3.4.3 Cables, connectors, terminal lugs, terminal
blocks, solder connections; as required

3.4.4 Surge protectors: intended to short high
inductances caused by relay de-energization to
negat ~ side of power supply instead of allowing
it thy switch contacts, 1 per relay

4.0 APPROACH
The following 1s the methodology used in the evaluation of RPI.
Each component is evaluated separately unless multipie components
and their actuation mechanisms are sufficiently similar to allow
typical analysis. In such cases, the basis for similarity will
be estqplished within the evaluation.
The general evaluation included:

4.1 Review existing data

4.1.1 Review reference 1 and 2 to determine NRC concerns
4.1.2 Review available design and maintenance
£ documentation
o
4.1, [ncerview knowledgeable personnel
ads

FORM (A) 344 22 8317



Public FORT ST. VRAIN NUCLEAR GENERATING STATION EE-12-0013

Service: PUBLIC SERVICE COMPANY OF COLORADO Rev. 8
4.2 Gather new data
4.2.1 Disassemble components and make observations

regarding the nature of failures (if any are
known), types of damage and other pertinent
information for future evaluation

4.2.2 Photygraph components for future evaluation
(Reference Appendix B) for excerpts of photos

The component specific evaluation included:

4.3 Develop each component's Failure Modes and Effects Analysis

(FMEA)

4.3.1 Based on data obtained in 4.2 develop a conceptual
FMEA for each component

4.3.2 Consider all data obtained in 4.1 and modify
conceptual FMEA as required

4,3.3 Review materials and methods of manufacture of
each component and modify conceptual FMEA as
required,

4.3.4 Consult appropriate manufacturer's engineering and

analytical organizetions for evaluation of
conceptual FMEA and concurrence (or rejection) of
moges and credible causes of failure

4.3.5 Prepare final FMEA

4.4 ldentify any component or system weaknesses

4.4.1 Based on FMEA, determine what impact any weakness
has on component operation, vreliability and
mechanisms for failure

4.5 Eill!!te operability of components

¢.5.1 Based on FMEA, determine level of component
- operability and reliability

4.6 Evaluate causes of failure

4.6.1 Based on FMEA, determine causes of failure
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4.7 Evaluate operational adequacy of the existing system

4.8 Propose interim solutions

4.8.1 Based on causes of failure, propose interim
solutions to limit failures by removing as many
causes of failure as possible

5.0 EVALUATION
This evaluation is based on the following inputs:

a. The scope of the evaluation is presented in section 3.0
of this study. Exceptions within the specified scope
are documented and justified as appropriate.

b. The approach of the evaluation is presented in section
4.0 of this study. Each component or assembly is
evaluated on a case by case basis. Failure mode and
effect analyses will be presented within the body of
the study with references to appendices which contain
the technical analysis including the failure tree
analysis. An occasional reference by the reader to the
eppendices containing sketches (A) and photographs (B)
will provide additional insight into the assembly or
component being discussed.

5.1 A review of existing NRC documentation provides many
questicns, concerns and an occasionzl miscenception. Table
5.1 will provide a source reference, a basic issue of
concern to PSC (from NRC documentation) and a reference to a
section of this study. This table should provide the reader
imrediate access to any specific area of interest.

..
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TABLE 5.1
Reference Page/Para/Line | Issue RPI*
G-B4392-REFI | P3-3,p4,L17 failure mode of pot shaft | C,E
(Appendix L)
same P3-3,p4,L14 cam over rotation (44 5
same P3-3,p4,L16 pot failure modes 3
same P3-3,p4,L28 single point failure 5.2.6
same P3-4,p3,L1 circuit redundancy D.c.o
same P3-4,p3,L5 single failure undetected | 5.2.5
same P3-6, sect. 3.4| failure modes defined 9.4
E,F,G
same P3-7,p7,L1 preclude overtravel dawage| ¢,D
same P3-8,pd integrated system study 1.0
same P3-9,tabTe 3.1 | anomalies T
G-BT287-REFZ | P3,pC and 2 criteria not applicable 3.0p1
(Appendix M) '
same Pa,pd3,L1 failure mode of switches 5.2.1
F
same PE,p3,L6 moisture causes pitting .21
F
same Po,pl,L1 corrosion not studied F
same “P5,p2,L6 | design environment -
same “P5,p3,L3 T | important to safety 3.0pl
same “PS,ps,L3 design criteria I and 13 | 3.0pl
same P5,pd,L1 cam damages pot shaft C
same +3,p8,09 pot replacement necessary | C
same P6,p3,L2 ~slack cable anomaly R.2.2
same PE,p4,L1 maintenance {
same P9,p3,L1 Tnadequate eval of failure| 5.2,A
BDEFG
o)+
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*Numbers represent sections of this report,
Letters represent appendices.

5.2 Evaluation Existing RPI

$.¢:1

Evaluation of Full-In/Full-out Limit Switches

The evaluation began by researching the
application of the 1imit switches that provide the
indicating signals for full-in or full-out
position of each rod pair. These 1limit switches
are evaluated simultaneously since the switches,
actuation methods and circuitry are identical,.
The problem identified was binding of the
switches., This results in the full-in or full-out
indication remaining energized after the rod pair
is moved away from the corresponding position,
Disassembly of the switches revealed pitting and
gouging of the switch shaft and the deposition of
the gouged materials onto the switch shaft
housing. Further investigation into the cause of
the failure revealed the exertion of excessive
lateral forces onto the switch shaft by the
actuating cam. This was verified by inspection of
the disassembled switch, as the degradation occurs
primarily on the side of the switch shaft opposite
the cam approach. The manufacturer's review of
the application confirmed this evaluation.
Additionally, the switch mant“acturer indicated
the balance of the switch to be "in quite
satisfactory condition". The manufacturer took
specific interest in the condition of the
electrical contacts which were found to be in good
condition. The technical presentation of the
failure modes and effects analysis including the
failure analysis tree is presented in Appendix F.

.
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8.8:2

$.2.3

Slack Cable Limit Switches

The slack cable 1limit switches provide the
indicating signals for the control rod pair in the
event of a broken cable or a damaged control rod.
The principle of operation is very simple. When
the rods are suspended by the drive mechanism the
limit switch is actuated, resulting in no
indication to the control room. In the event of a
broken cable or other failure in which weight is
removed from the drive, a precision calibrated
spring provides a force on the actuating plate.
This action results in the change of state in the
switch and thus indication in the control room,
Contrary to Table 3.1 of reference 1, there has
never been a known failure of the slack cable
limit switches. The case cited in reference 1
(Table 3.1) was a realistic case of slack cable
indication as the cable had broken. The
manufacturer's review indicated proper application
of the switch, The technical presentation of the
failure modes and effects analysis including the
failure analysis tree is presented in Appendix G.

Rod Retracted Limit Switch

This switch 1is not evaluated in this study as it
is not a part of the normal control scheme.
Instead, it 1{s a maintenance feature to indicate
when the rod is properly withdrawn for extraction
of the drive assembly from the core. The failure
modes for these components are comparable to the
full-in/full-out 1limit switches, however, they
have no impact on reactor operation. Therefore,
no specific analysis exists. These switches are
typically replaced on the same schedule as the
full-in/full-out and slack cable switches.

FORM (A} 344 22 5317
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5.2.6 Integrated Component/System Review

The movement of the control rod pair (by its drive
motor in the inward and outward direction normally
or by gravity with capacitive motor speed control
during scram) is by a cable connected to a
rotating drum. As the drum rotates, the rod pair
is moved. This drum, through gearing, is coupled
to a shaft which drives & cam wheel for full-
in/full-out switch actuation and to a
potentiometer for position 1indication. This
common shaft is a single failure point. A review
of faiilures indicates that prior to administrative
1imits (see note 1) being established, this common
shaft 1in a few instances has sheared resulting in
loss of both 1limit switch and continuous RPI
indication. However, subsequent to the
establishment of administrative limits, no known
failure has occurred.

Note 1: Administrative control has been
establisned in P-85242, 7-10-85 (interim rod
indication technical specification) and G-85294,
7-23-85 (supplemental safety evaluation);
incorporated into plant procedure SOP-12-01.

The full-in/full-cut limit switch failures prior
to 1985 refurbishment (Raf, Appendix J) appear to
be from excessive operations and wear (from the
testing phase). Further, there exists scme
probability of operator error during June 1984 due
to surveillance "testing" of the rods for "full-
in" position., Several full-in switches were known
to have failed completely, along with others
failing intermittently. As a result, the
operators (prior to improved training) were likely
to attempt to "overdrive" the rods, as observed by
the NRC during their June 1984 visit. This
doubtlessly contributed tc the number of
potentiometer failures during this period.

An overall failure rate of .005 (Ref. Appendix J)
shows operability of the existing system. This
does not influence PSCo's desire to upgrade limit
switch and continuous RPI design for improved
maintainability and reliability.

-10-
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6.1.1

6.1.2

6.0 CONCLUSIONS

General

Limit Switches

A review of the failures occurring after FSV began
commercial operation (Appendix J) indicates operability
of the existing system. However, based on the FMEA and
operational experience, mechanical operation of the
companents for an extended time period may result in
their failure,. In the case of the full-in/out
switches, actuation of the 1limit switch plungers by
cams results in mechanical wear of the switch shafts,
One solution to this problem would be to replace the
existing cams with cams having a Jless severe slope.
This would result in iinproved reliability, but leaves
the root cause of failure unchanged (mechanical
operation). An improved design woul: use a sensor that
has no moving parts. Such a design in its conceptual
stage including SMEA i< shown in Appendix K,

Continuous Positiun Indication

For the potentiometers, an increase in the number of
turns (mechanical) will eliminate the concerns
associated with "yo-yoing". Furthermore, if an
operator was to overdrive the rods in error, the new
component will net fail at the point where the existing
component does. Improvements in the areas of materials
will eliminate all other possible failure medes. This
design, including FMEA, is shown in Appendix K,

Both the sensors and potentiometzrs have been
protutyped and are available for testing,

«11-
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6.2.
6.2.

6.2.
6.2.

6.2.
6.2,

N N

w

6.2 Specific
6.2.1

6.¢.1.1

-

Potentiometers

Potentiometers can be broken by overdriving
(operator error) or by yo-yoing (mechanical
rebounding of the rods as they reach the end of
travel). This has been observed prior %o and
after FSY went into commercie®l c,. .*ion, The
existing administrative lim*<; (Ref. SOP (2-01) do
not allow "overdriving". This has resulted in
zero failures subsequent to the 1985
refurbishment, To upgrade the potentiometers to
the proposed design can only improve their
reliability.

Full=in/out Limit Switches

The proposed replacement sensors will provide a
virtually maintenance free RPI system. These non-
contact sensors are capable of function in
temperatures up to approximately 500 degrees
Fahrenheit at which point the solder connections
melt, This limiting factor will not be of concern
as the maximum appiication temperature is
approximately 300 degrees Fahrenheit.

Slack Cable Switches

No failure modes are known to exist, The
manufacturer's review indicates this to bde a
proper appiication of the switch.

System

The existing RPI system is operational, within
Techrical Specifications limits, and has operated
without failure subsequent to the 1985
refurbishment, DOuring the 1985 refurbishment, all
limit switches and potentiometers were replaced.
After 4.5 million plus hours of availability
(Ref. App. J), this system is concluded to be
acceptable for continued operation. However, for
improved maintainability, it 1{s desirable to
proceed with component upgrades consistent with
the overall CRDM temperature requalification plan
and the CROM maintenance schedule.

s]8=
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TABLE 6.1

Summary of Component Disposition

Full=In Limit Switches

Recommend replacement with
non-contact sensors

Full-Out Limit Switches

Recommend replacement with
non-contact sensors

Slack Cable Limit Switches

Leave As-1s; No credible failure modes

Full Retract Limit Switch

Leave As-1s; Not part of contrcl
circuitry

Position Potentiometer

Recommerid replacement with a unit having
more turns and improved design

7.0 REFERENCES

7.1 Reference 1

“Preliminary Report
7.2 Reference 2

Dated July 31, 1987

Generating Station"

Letter, Denton to Walker
Dated October 16, 1984
and enclosure titled

Related to the Restart and Continued

Opzration of Fort St. Vrain Nuclear Generating Station"

Letter, Heitner to Williams

and enclosure titled
"Evaluation of Integrated Systems Study of Control Rod Drive Mechanf
Position Indication Instvumentation for the Fort St. Vrain Nuclear

-13-
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APPENDIX A

SKETCHES REFERENCED IN SECTION 3.0
|
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PHOTC CF FULL IN SWITCH SHAFT OF A CLOSE-UP OF SAME SWITCH SHAFT SHOWING
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Prior toc the meeting of Dec. =, 1887, a tour of the CRDOM drive

assembly was porovided o the NRC staff. It should be noted that
spacific areas of concern toc the staff uwere reviewed uwhil
observing the operation of the CROM test set-up. One specific

concern was the striking of the pctentiometer shaft by the cams
which presently operate the switches or by the targets whic! are
proposed for use with the new sensors. By visuwally observing the
pperation of the cam drum ad!acent to the potentiometer shaft on
a4 partially disassembled unit, it was apgparent that the targets
.which are as large 28 the cams. do not strike the potenticmeter
shaft. This point is reiterated by the staff letter of Dec. 15,
i887 Page 1, paragraph %, last line.



UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON D C 20888

Docket No. 50-267

MEMORANOUM FOR: Jose A. Calvo, Director
Project Directorate - [V
Oivision of Reactor Projects -
[V, ¥V and Specia) Projects

rr e

Kenneth L. Heitner, Project Manager
Project Directorate - [V
Division of Reactor Projects -

[V, ¥V and Special Projects

SUMMARY OF MEETING TO DISCUSS CONTROL ROD ORIVE

MECHANISM (CRDM) TEMPERATURE REQUALIFICATICN

AND PCSITION INSTRUMENTATION, DECEMBER 4, 1987

(TAC NMOS. 61601 AND 62198)
The purpose of this meeting was to Jiscuss the licensee's latest proposals
for these licensing actions. The licensee's previous prooosals for these
areas have been evaluated by the staff in letters dated December 24, 1386, and
July 31, 1987. The attendees at this meeting are listed in Enclosure 1

Pocition Instrumentation

"he licensee presented & preliminary review of the current control rod positior
instrumentation. The prasentation material is in Enclosure 2. The presenta-
tion included a failure mode analysis of the present instrumentation. This
analysis showed that the current =od-in and rod>out limit swilChes were

strong canaidates for replacesent. The problems with the cyrrent design of the
rod position potentiometers ware also highl!ighted.

The licensee statad that ‘moroved instrumentation had teen selected as follows:
. The rod=in and rod-aut limit switches would be replaced Dy proximity
sensors, and
- The rod position indication potentiometar would De replaced by an
improved potantiometer.
Both items would be able to withstand the temperature, humidity, radiation, and
pressure environment of the CRDM.

The licensee statad that their intent was to submit a new failure mode analys's
report. This report would clarify that there was corrosion fatlure of the
rod=in and rod=out limit switches. It would also indfcate that there were no
credible fatlures (and need to replace) the slack cable limit switches., There
was 2130 not a prodlem with the proximity switch targets sechanically inter-
fering with the position potentiometer shafts.

The staff noted that the licensee had not addressed other fmportant critaria
for the new instrumentation. Tha staff stated that the new instruaentation
should clearly have service 1ife equal to or exceeding that of the current
instrumentation. Otherwise, the reactor cperation could be constrained Dy
inoperable contro) rod instrusentation. (The staff also notes that other
factors, such as accuracy and long term drift, should be cons.dered.)




o

CROM Temperature Requalification

‘he licensee reviewed the key steps in his proposed orogram for CROM
temperature requalification (see Enclosure 3) They are as follows

Evaluate the projected maximum CROM service tempersture. The
licensee has develioped a methodology for correlating tne CROM motor
temperature with reactor temperatures ind coolant flow parameters.
These nclude the orifice position setting for each refueling
region. Projected maximum temperatures for Cycle 4 are about 300°F
'n Region 12 and 275° F in Region 30. However, the licensee noted
that some reductions could be achieved by reducing overall core flow
ang deliberately mismatching region outlet temperatures through
orifice adjustments (within the limits of LCO 4.1.7). There was
2150 some uncertainty about the validity of the correlations at high
power, which could result in Tower temperatures. Some possibility
existed that CROM temperature requalification would not be needed.
Evaluate the CROM system for acceptability at the higher
temperature. This would include an evaluazion of the materials of
construction at higher temperature. The methodclogies would be
similar to those used to "qualify" materials under 10 CFR 50.49.
Specific accepted methodologies would be used for special cases,
such as CROM drive motor insulation.

Perform an integrated systems test of an entire CROM assembly. The
purpose of this test would De to evaluate potential synergistic and
system effects of increased temperature, and

Evaluate the role of the preventive maintenance program in assuring
system performance in the event the "qua'ified" coumponent life is
~30uced Dy the e'evated temperatures. This could irc. ude more
frequent maintenance of CROMs exposed to higher temperatures

Future Actiuns

The licensee proposed to submit a proposal for new rod pesition
instrumentation in April 1978, and for CROM temperature requalification in
March 1988. The staff commented that the licensee should give carefu)
attention to applicable and related regulatory requirements and guidance.
This included:

Enclosure:
As stated

10 CFR 50.62

GL 83-28 and related licensee submittals and staff evaluations,
SRP 3.11, 4.5.1, and 4.6,

The October 16, 1984 Assessment Report, and

Subsequent Safety Evaluations on the CRDMs and CRDM position

instrumentation.

N ) *—: ;’ _’W\W
Kerwi) L= 7 N mtn,
Kenneth L. Heitner, Project Manager

Project Directorate - [V
Division of Reactor Projects - [,
IV, V and Special Projects

cc: See next page
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Norma! Operating Parameters

l

4

Cable length = 240" from Fully Retracted %o Fulleln Limis,

o

Cadle length = 190" from FulleQut 25 Fulleln Limis.
From Fully Retracted %0 Fullain ~ 10 turns on 2-qang potentiometer.

At Fulleln 2 each Limit Switzhes are actuated - wiregd in series,
Actuated by Canm.

At Full-Qut 2 each Limit Switches are actuated - wired in series,
Actuated by Cam.

On loss of a Roc (Cable Breaks) 2 N/C Limit Switches are actuates
Dy counter balancing spring.



All CRDM Positron

1)

2)

3)

‘)

5)

6)

Instrumentat ion

Rod-In Limit Switches

Rod-Out Limit Switches

Rod Retracted Limit
Switches

Slack Control Rod Cable
Limit Switches

Position
Potentiometer

(2 Gang) Part 1)

Position Potentiometer

(2 Gang) Part 2

Associated
Indication

Indicating Light
(Control Room (CR))

Indicating Light
(CR)

indicati
(Test Box

Light
Indicating Light

(CR)

Analog Meter
(CR)

Digital Meter
CRrR)

Other Circuitry
Component s

Cable, Connectors,
Terminal Lugs, Blocks

Relays, Surge Provec-
tion (Diac), Power

Supply

Same as Above

Cable, Connectors,
lerminal Lugs, Blocks

Cable, Connectors,
Terminal iLugs, Blocks,
Relays, Surge Protec-
tion (Diode), Power
Supply

Cable, Connectors

Terminal Lugs, Blocks,
Power Supply

Same as Above

Anomalies from NRC Inspection
Based on Described Component(s) Failure

CRDM No_/Regilon Anomaly

£3/19 Faulty Rod-In Limit Switch, Incorrect
(R analog & digital indication (See 5,6)

39/23 Incorrect CR Analog position indicalion,
Faulty Rod-In Limit Switch (See 5)

6/1 I of 2 rod-out limit switches inoperable
26 Faulty Rod-out switch

29/ESWS Faulty Rod-out switch

37/3 Faulty Rod-out switches

25/7 Faulty Slack-Cable Switch®

12/15 Incorrect CR analog position indication
13/19 Faulty Rod-In Limit Switch, Incorrect
CR analog and digital indication (See 1.6)
33/16 Faulty analog position indication
39/23 Incovrect CR analog position indication,
Faulty vrod-1n limit switch (See 1)

13/19 Faulty Rod-In Limit Switch, Incorrect
CR analog and digital ndication (See 1.5;

Note - A known cable failure occurred n
this position;, therefore, the con
Clusion of a faulty slack-cable switch
15 unfounded .



FAILURE ANALYSIS TREE
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| = NOT A FAILURE (INTENDED A - INDICATING LIGHT ILLUMINRTED,
FUNCTION) RLMAINS SO FTER LO0SS OF STIMLLS
2 - NOT A CREDIALE FAILURE ODE B - EOANICAL FRILURE OF AN
(NO CIRQUIT AVAILARLEL) NPREDICTRALE NATURE wILL OXCCR
3 - 0T A CRDIAL FAILURE ~O0E C = NO INDICATING LIGHT ILLUMINATED
SRSED ON "RTERIALS J23444028S) JPON ACTURTION - NOT BY JUDGEMENT
¢ - NOT, BY JUDGDENT, A CREDIAL A CREDIRL FAILURE - SEE '«
FRILURE MODE (SNAP ACTION 0 = INDETERMINATE - A OR § BRSEC
SWITO) SEE C ON PRECISE AOINT OF Jam

S - NOT A CREDIRL FAILURE MODE
(BRSED ON STRCTURARL, AD
OMNICA, ACAEDNESS OF
SWITOW



39.

Pg.

Pg.

Pg,

Baseq on Fail,re Analysts

2

what Can Fay)

]

Explain what would cause “ailure.

Lo A e Fullein/FulleQut Switch ‘ails mechanically By iamming the

l-R-

{0

l1-C-

shaft in the completely actuated 20sition.

Cause - Shaft Failyre
investigate cause of shaft failyre.

Conclusions: Shaft fails due to high lateral forces causes
oy Cam angle >135° (recommended max per Mfr). Failure s
Oy erosion, ceposition of eroded metal, corrosion unti)
space Ddetween shaft and houting 1s filled and will not allow
free movement. To verify: (1) Contact manufacturer for
concurrence:. (2) Check for cor=osion/erosion /deposition
on only 1 side of shaft (side opposite Cam approach)

verify as required.

Same as A" abrve, except position at which fimal fatlure
occurs.* Cam may fail.®

Same as “A" above, except position at which final failyre
occurs,

Fulleln/Full-Qut Swilch fails electrically by sealing tne
contacts in the closed position. Not credidle.
Cause - High inductance discharge from relay coil,

A commitment for testing of surge suppressors is in place.



FRAILURE ANALYSIS TREE
ax(3)
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(s)
o A~ G-
“€C-ANICA, C.ECTRICA,
&
| -
SLACK CONTROL 200 5915 wiMIT SWITCM
NOTES FRILURE MODE EFFECTS ANALYS!IS
= NOT A FRILURE (INTENDED A = NO INDICATING LIGHT ILLUMINATED
FUNCTION) UPON ACTURTION - NOT BY JUDGEMENT
= NOT A CREDIBLE FRILURE MODE | CREDIAL FRILURE - SEE o
(NO CIRCUIT AVRILABRLE) B - INJICATING LIGHT REMRINS

= NOT A CREDIBLE FAILURE

MODE (UPON LOSS OF ROD
CRELE, SPRING APR_IES
EQUAL FORCE TO AN ARER
~l74" @) = IF A JAM OCOURRED
S TER LOSS OF R0D CRBL.
IT WD BE REPLACED
ORING REFURBISHENT
TESTING. SEE ‘B
NOT, BY JUDGEMENT, A

SIBLE FAILURE ™MODE
(GNP ACTION SWITOW) SEE A’
NOT A CREDIRLE FAILURE ™MODE
(BRSED ON STRLCTURAL AND
O [CA. RUGCEDNESS OF
SWIT M)

ILLUMINATED, THE _ONLY WRY

TO REMOVE ™™E STIMALLS IS

TO PR 7 THE WEIGT OF
THE COMNTROL ROD, VIA ™™g
CARLE. SHOLD WIS FRILURE
OCOR, 1T wOULD BE ESALVED
BY SKITO+ REFLACEMINT

QARING RO RBISHENT TESTING.
o€t 'Y’



Pg. 2 - 4 «

-

Pg. 2 - 8 -

Sasec on Farlyre dnalysis
What Can Far1?
Explatn what wou'ld cause failure.

Stack cable Limit Switen #3ils electrically by sealing the
contacts 1n the closec oosition.,  Not judged a credid'e
failyre.

Cause - High inductive discharge from relay coil,
A commitment for testing of surge suppressors iy in place.
Slack cable Limit Switch fails mechanically by jamming the

shaft in the completely actuated position. Not a
credible failyre,

Cause - None known.



FAILURE ANALYSIS TREE
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o

Not a Failyre (Intended Function)

ot a Credidle Failure (Failure of some other tyDe required %0 2rovice
stimyli for this failyre). Fatlure of this type for doth analog
and digital portions of a single potentiometer simyltanecusly s
not considered credidle.

Not a Credidle Failure (aque %o the Structural/Mecranical ruggedress
of the Part).

Not a Credidle Fatlure (cue to the materials used [nonecorroding,
presumed & type of magnetic stainless], lubrication, low spees,
limited number of operations, and limitations of load applied).

Based on operating experience, no known failures of these parts
have occurred,

No known failyre modes (Strictly a mechanical support [dodbin] for
winging the conductor coil of the potentiometer.

Not a Credible Failure Mode (Neither mechanical [wear] or Electriza)
(opening or shorting] cam occur due to the limited length of conguctor
and its installed configuration. The conductor is made up of approx.
40 strands which produce an extremely flexidble AWG 26 (approx. by
measurement). Its length is such that in the installed configuration,
this jacketed conductor does not come fnto cONtact with the conductor
co1l of the potentiometer and thus cannot be worn or shorted.




Failure Mode Effects Analysis

i « Wnen the ugper wiper

siide) jamg (at the 80 3r D0ttom of me slize
carriage) due 0 deing driven beyong ‘%$ cesign range, system ‘ail re

'S taminent. COne potential faitlure s the wiper guide (a4 nart of
the wiger) 15 Ddroken, rendering the slide ‘'ngperanle or a3t hest
Jnoreaictadle.  This fatlyre is particularly likely 0 occur when
the potentiometer 1§ griven very slowly Deyoms 1% dqesign limigs,
ahen the potentiometer 1§ driven at scram speed (3 t.urms 'n a2prax

150 saconcs. approximately 3.2 rom), the failure mode s far more
likely to be Failyre Mode “8". (See Note delow.)

when the potentiometer is driven bDeyond design )imits, at or near

scram speed, the failure mode s most likely to be dreakage of the
bocy (housing), the drive coupling, or the drive coupling pin, The
result 1s approximately the same as in failure mode A" in which
the slide is fnoperadle or unpredictadle. (See Note below.)

NOTE: In tne event of failure modes “A" or "8", the outdut and thus
the ingfcation in the Control Room decomes unpredictadle. Since
the 2-gang potentiometer 1s 2 1ndependent potentiometers,
the following may occur:

1 - Each portion may perform adequately.

2 - One portion may be accurate while the other 1§ inaccurate
(1inearly or non-linearly).

3 - Both portions may perform identically though inaccurately.



Failyre Mode Effects Analys's

-

« When moisture 'S 1Atroduced 1TAtO 3 potentiometer, 4s A depressur’ s

tation following a moisture fngress event, an oxide may result. in,
Jninsulatec copper used n the support cot! ney redct electirically
with the conductor c¢oil and produce cooper oxide. This failure
moce 15 considered unlikely A most potentiometers. yet %t Mas Deen
observed on a limited scale. The result would dDe %O ‘ncrease ‘re
resistance Ddetween the wiper and the conductor ¢oi). This wouls
result in erroneous ingication in the Control Room., This fail.re
mode may De capadle of correction Dy drying the helium environment
prior t0 depressurization. it 1s also possidle that operation of
the potentiometer may remove the oxide once 't Mas formed, correcting
t0 some cegree the erroneous ingication.



Based on Failure dnal sts
what Can Fay!?

Explain what would cause failure

Pg. 3 - A - Control Rod Pogiticn Potentiometer fails mechanically By

Pg. 3 - B -

Pg. 3 - C «

JAmming the upper wiper resulting 1n wiper 2amage.

Cause - Control Roa Orive Mechanism (CROM) is averdriven
(force” Dbeyond the intended design limit) in an attempt
tC actuatl non-working Limit switches.

An  aaministrative procedure now controls this action o
'imit this type of camage.

Control Rod Position Potentiometer fails mechanically by
Jamming the upper wiper resulting 1n body or coupling damage.
Cause - Same as "A" above.

Comment same as "A" above.

Control Rod Position Potentiometer fails electrically »y
producing copper oxide and thus changing the resistance
of the potentiometer. This results fn erroneocus findication
in the Cantrol Room.

Cause - Electrolysis induced by bare copper and other metals
in ¢ moist environment. Apparently, the added current of
the circuit afd. 1in the electrolysis.

1 - Contact manufacturer for concurrence.

2 - Verify visually.

Contacted and verified as required.



Scope of Review for Replacement Pros. -t

For Posttion Transmitters (sample

Encocers
Cptical 8idirectiona! 8CD
Magnetic Position Transcucers
Motors
Steppers Potentiometers
Selsyns Off-the-Shelf Custom Design

Companies Contacted (sample):

Microswitech
Litton

Autotech

8atley Controls
General Electric
Westinghouse
S8eckman

Many others




For Fylleln/FylleQut Position Sensing

Switcnes
Roller (Perpendicular %o Contact Bar)
Roller (Longitudinal with Contact 8ar)
Non-roller type with slige actuation

Sensors
infrared
Magnetic
Praximity = various types including Eddy current killed oscillator
for sensor

- integrated Fyll-in/Full-Qut/Position Transmitters



Selectes Ren'acement Components

For Rod-!n/Rog-0ut

Proximity Sensor - Eddy Current Killed Oscillator 9y Microswitsn
Prototype #XB2383-Fw

A remotely mounted transmitter receiver is used with this component.

See Note helow.

For Position [ndication

2-girg Potentiometer by Beckman
Prototype #7239-2966-0

See Note below.

Note: ATl items designed to operate within the following parameters:

Temp +  300°F min,
Humidity = Approx. 100%
Radgfation = | Rad per Hour
Pressure » 845 psi,

A1l parameters encountered simyltaneously.



m

PROPOSED PLAN FOR REQUALIFICATION OF CRON's

The folleving iotegrated plan has deen developed for Tequaiifization of the
CROMs.  The plan consists of the following phases: (1) evaluste teRperature
preofiles obtained from operational data and programs in the area of the RONM
Assexblies o establish the temperature to de used for qualification basis: )
dccument age-related gqualifications of the CRDMs in accordance wvith the approved
FSV EQ program through evaluation using EQ DOR aging criteria: () tor
Scaponents which say possess insufficient qualified life at the elevated
qualification temperature, perfors a failure-sodes-and-effects analysis o
deterzine the consequences of component failure during accident and
post-accident operaticn; and (4) perform a type test of a complete TRDM assezily
TO resolve ocutstanding concerns, including rod position i1ndication, synergistic
effects, moisture ingress, and operation at elevated temperature. NRC Standard
Review Plans 1.11 and 4.6 will be revieved and applicable concerns identified in
these SRP'# will de incorporated into the integrated CRDM requalification
progras. Although various phases of this approach have been performed pirecemeal
to document qualification of the CRDMs, 1t i3 PSC's pesiticn that this
iotegrated plan vill provide a complete qualilication approach for qualifying
the CRDM's. TFSV's BQ program has Deen audited and approved by the NRC and
utilizes a standardized methodology for qualification of these Assenblies. The
tolloving paragraphs provide additional information related Lo each of the arsaes

to be 1avestigated.

(1) DOCUMENTATION OF QUALIPICATION TEMPERATURE:
Analyze and document available data oo the maxisuas expeacted motor
temperature for which the CRDNs should be qualified. Document (1) recent
20tor temperatures vhile operating at power, (2) the program used to
estimate maximum temperature, and ()) assumptions used 1n this prograa
vhich will require sonitoring/reviev wvhen additional operating data 1s
availadle. The purpose of the progras and analysis is to provide the das:is
for the qualification temperature to be used in the detersination of

qualified life.

(3) DETERMINATION OF QUALIPIED LIFR:
The qualification will be based on application of the PSV BQ program, vhich
bas been revieved and approved by the WRC, to the qualification of the
CRDM's. Qualificatios will be tailored specifically for the CRDN
environment and expected operational requirements  The program will have
to address the following points as & aidimum:

a. description of the applicability of DOR since this component i
located inside the PCRY while other BQ items are located outside the
PCRY in the Reactor or Turbine Buildings.

. description of "mild"” environment for the CRDNs; define naild and

deternine vorst case accident and post-accident operating environment.

evaluate post-accident operability requiresents for these components
to ensure that, if required to operate, evaluatios of the
post-accident environmeut is performed as vell as 1dentification of

ADY Appropriate testing requiresents.

d. 1dentify the functicnal, operational., and design requirements for the
CRDNs to ensure that these characteristics are used as the basis for
type testing of the CRDN assembdly.

“




(4)

. qualified life will De established using standard DOR aethodolagy
through use of saterial analysis. Due "o the age of the CRDOMs. use =!
this sethodology should be acceptadle: full thersal aging by type test
18 not required since it 13 oot required of siailar vintage EQ related
equipsent and the CRDMs are i1nstalled in a 2114 envircnment. TYpe
testing is recommended to be perforsed but 1is intended to resolve
aon-aging., synergistic concerns identified Dy the NRC i1a their

subsittals to PSC.)

FAILURE NMODES AND EFFECTS ANALYSIS (PMEA):

In addition to deteraination of the qualified life for degradadle
components of the CRDN, a FMEA vill be needed tc )justify ude of components
vhich are determined to have insuffici.at qualified life at the elevated
teaperatures expected. If any such components are identified, the FNMEA
vill determine the consequences of failure of these components or parts.
If failure can De proven to cause no adverse effect oo the ability of the
CRDN to ocperate or safely shutdown, no action wvould be required. 1If.
hovever, the part has inadequate qualified life and 1ts failure has
unacceptable consequences. then the recommendation sheuld de made to lisit
the reactor pover level such that an acceptable temperature cat de achieved
or replace the component prior to the end of 1ts useful life.

TYPE TESTING:
Several pre~198% documents from the WRC to PSC identify the need to perfora

type-testing of the CRDM assenbly. (See attached page for major comments.)
Due to the uncertainty of the results obtained during the last CRDM type
test, 1t 19 deemed to be prudent to retest the CRDMs to demonstrate
suitable performance; the retest will i1nclude operadility cf the rod
position indication, operation folloving moisture ingress, and operation at
elevated temperatures. The intent of this test 1s to demonstrate the
operability of the CRDN and to demonstrate that synergistic effects wvill
not adversely affect perforsance of the CRDNs; it is MOT the i1ntent of this
type test to establish the qualified life of the CRDN components.



SUMMARY OF SIGNIFICANT NRC ZORRESPONDENCE
RELATED TO TRE CROM QUALIFICATION Issue

G-82184:
‘Synergistic effects such as tolerauce accusulation, vear snduced
aisalignaents. lubricant redeposition, differential thersal expansion ete.
sandate reliance on total assembly qualification tests rather than on
analysis or tests of individual coaponents.”

G-84192:
“The licensee should deterzine vhether compensating design and/or
operational aodifications are needed to minimize aolsture 10Ggress o the
CRDM cavities and sinisize temperatures in the vicinity of the rod drives.
Io the event that temperatures recorded during plant operatisn prove e de
higher than those for wvhich the asseadly vas initially qualified. perfors
requalification testing of a CRDM asseadly."

Critical comments received from the NRC in the SER for the CRDN Tecperature
Requalification (G-86664) include the folloving:

“The licensee did not develop functional, operational. and design
specification based oo the environment that the CRDOA's would bde expected
to operate in. The licensee's submittal d1d not provide acceptance
criteria developed from the functional, operational and design
specification against vhich to evaluate the test results. The tests vere
nct performed under conditicons that are representative of conditions in ISV
(1.e., tests were performed vith dry helium, wvhile moisture is potentially
present 1n the FSV reactor especially if there 13 a moisture iagress
event). The licensee did pot provide informaticn on the mechanical and
electrical properties of the materials 1o the CRDOAs as a function of
temperature, humidity, prassure, and radiation. The test was performed for
a4 very limited time (1.e., 14 days at J00°F). The licensee's sudmittal d:d
oot explain how the data would be extrapolated to the length of time the
CRDOA'# would be required to operate at elevated temperatures.

In conclusion, G-86664 stated:
“the revised subaittal should include or consider such items as functicnal,

operatioeal and design specifications, acceptadce criteria, material
specifications, saterial properties, test specificati ns. test operatinc
procedures, test dati, and the necessary supporting anelyses.
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All CRDM Posit?on Assocjated Other Circuitry Anomalies from NRC Inspection
Instrumentation Indication Component s Based on Described Component(s) Failure

CRDM Ro./Reqion Anomaly

1) Rod-In Limit Switches Indicating Light Cable, Connectors, 13/19 Faulty Rod-In Limit Switch, Incorrect
(Control Room (CR)) Terminal Lugs, Blocks CR analog & digital indication (See 5,6)
Re;lays..Surqe Protec- 39/23 Incorrect CR Analog position indication,
tion (Diac), Pcwer Faulty Rod-In Limit Switch (See 5)
Supply
2) Rod-Out Limit Switches Indicating Light Same as Above 6/1 I of 2 rod-out limit switches inoperable
(CR) 26 Faulty Rod-out switch

29/ESWS Faulty Rod-out switch
37/3 Faulty Rod-out switches

3) Rod Retracted Limit Indicating Light Cable, Connectore<,
Switches (Test Box Terminal Lugs, Biocks

4) Slack Centrol Rod Cable Indicating Light Cable, Connectors, 25/7 Faulty Slack-Cable Switch*
Limit Switches (CR) Terminal Lugs, Blocks,

Relays, Surge Protec-
tion (Diode), Power

Supply
5) Position Analog Meter Cable, Connectors 12/15 Incorrect CR analeg position indication
Potentiometer (CR) Terminal Lugs, Blocks, 13/19 Faulty Rod-In Limit Switch, Incorrect
(2 Gang) Part 1) Power Supply CR analog and digital indication (See 1,6)
33/16 Faulty analog position indication
39/23 Incorrect CR analog position indication,
Faulty rod-in limit switch (See 1)
€£) Position Potentiometer Digital Meter Same as Above 13/19 Faulty Rod-In Limit Switch, Incorrect
(2 Gang) Part 2 CR) CR analog and digital indication (See 1,5)

*

Note - A known cable failure occurred in
this position; therefore, the con-
clusion of a faulty slack-cable switch
1s unfounded.
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FRILURE ANALYSIS TREE




No

Page 3.1

J
1 - Not a Failure (Intended Function)

Not a Credible Failure (Failure of some other type required to provide
stimuli for this failure). Failure of this type for both analog
and digital portions of a single potentiometer simultaneously is
not considered credible.

Not a Credible Failure (due to the Structural/Mechanical ruggedness
of the Part),

Net a Credible Failure (due to the materials used [non-corroding,
presumed a type of magnetic stainless], lubrication, low speed,
1imited number of cperations, and limitations of load applied).

Based on operating experience, no known failures of these parts
have occurred.

No known failure modes (Strictly a mechanical support [bobbin] for
winding the conductor coil of the potentiometer).

No Credible Failure Mode (Neither mechanical [wear] or electrical
(opening or shorting] can occur due to the limited length of conductor
and its installed cor®iguration). The conductor is made up of approx.
40 strands which produce an extremely flexible AWG 26 (approx. by
measurement). [ts length is such that in the installed configuration,
this jacketed conductor does not come into contact with the conductor
coil of the potentiometer and thus cannot be worn or shorted.
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Pg. 3

Failure Mode Effects Analysis

A - When the upper wiper (slide) jams (at the top or bottom of the s)lide

carriage) due to befng driven beyond its design range, system failure
is imminent. One potential failure is the wiper guide (a part of
the wiper) 1is broken, rendering the slide inoperable or at best
unpredictable. This failure is particularly likely to occur when
the potentiometer is driven very slowly beyond its design limits.
When the potentiometer 1§ driven at scram speed (8 turns in approx.
150 seconds, approximately 3.2 rpm), the failure mode is far more
Tikely to be Failure Mode "B". (See Note below.)

Wwhen the potentiometer is driven beyond design limits, at or near
scram speed, the failure mode is most likely to be breakage of the
body (housing), the drive coupling, or the drive coupling pin. The
result 1s approximately the same as in failure mode "A" in which
the slide is inoperable or unpredictable. (See Note below.)

NOTE: In the event of failure modes "A" or "B", the output and thus
the indication in the Control Room becomes unpredictadble. Since
the 2-gang potentiometer 1is 2 independent potentiometers,
the following may occur:

1 - Each portion may perform adequately.

2 - One portinn may be accurate while the other 1s inaccurate
(1inearly or non-lineariy).

3 - Both portions may perform identically though inaccurately.



Pg. 3.3

Failure Mode Effects Analysis

C - When moisture 1s introduced into a potentiometer, as in depressuri-
zation following a moisture ingress event, an oxide may result. Any
uninsulated copper used in the support coil may react electrically
with the conductor cofl and produce copper oxide. This failure
mode 1s considerea unlikely in most potentiometers; yet it has been
observed on a limited scale. The result would be to increase the
resistance between the wiper and the conductor c¢oil. This would
result in erroneous indication in the Control Room, This failure
mode may be capable of ccrrection by drying the helium environment
prior to depressurization. It 1is also possible that operation of
the potentiometer may remove the oxide once 1t has formed. correcting

to some degree the erroneous indication,
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FRILURE ANALYSIS TREE

COMPLETELY (o)
PARTIALLY
NORMAL ACTURTED
1 J

-

=4

3
Iz‘sl@
;

SEAL CLOSED
————————————

SHFT JAM ROLL
———pt—
OTHER ROLLER CONTRCTS
v e— — e
MECHANICAL ELECTRICAL
_T———-n _—TF——-

FULL-INAFULL-OUT LIMIT SWITCH

NOTES FR ' FFECTS A Y
! = NOT A FRILURE (INTENDED A = INDICATING LIGHT ILLUMINATED,
FUNCTION) REMAINS SO AFTER LOSS OF STIMALS
2 - NOT A CREDIBLE FRILURE MODE B - MECHANICAL FRILURE OF SN
(NO CIRCUIT AVAILABRLE) UNPREDICTABLE NATURE WILL OCOUR
3 - NOT A CREDIBLE FRILURE MODE C = NO INDICATING LIGHT ILLUMINATED
(BRASED ON MATERIALS 3238440SS) UPON ARCTURTION - NOT BY JUDGEMENT
4 =~ NOT, BY JUDGEMENT, A CREDIBLE A CREDIBLE FRILURE ~ SEE "¢
FRILURE MODE (SNAP RCTION D - INDETERMINATE -~ A OR B BRSED
SWITOH) SEE ‘C’ ON PRECISE POINT OF JAM

*S - NO CREDIBLE FRILURE MODE
(BRSED ON STRUCTURAL AND
MECHANICAL RUGGEDNESS OF
SKITOH

* REVISED FTER DECEMEER «, 1967 MECTING




Based on Failure Aralysis
What Can Fail?

Explain what would cause rtailure.

Pg. 1 = A - Full=In/Full-Out Switch fails mechanically by jamming the

Pg.

Pg.

Pg.

1-8-

1«0D-

l1-C-

shaft in the completely actuated position,

Cause - Shaft Failure
Investigate cause of shaft failure.

Conclusions: Shaft fails due to high lateral forces caused
bv Cam angle >15° (recommended max per Mfr). Failure fis
by erosion, deposition of eroded metal, corrosion until
space between shaft and housing is filled and will not allow
free movement., To verify: ?1) Contact manufacturer for
concurrence; (2) Check for corrosion/erosion/deposition
on only 1 side of shaft (side opposite Cam approach)

Verify as required.

Same as "A" above, except position at which final failure
occurs.* Cam may fail.*

Same as "A" above, except position at which final failure
occurs.

Full-In/Full-0ut Switch fails electrically by sealing the
contacts in the clused position. Not credible.
Cause - High inductance discharge from relay coil.

A comuitment for testing of surge suppressors is in place.



Public

@)) Service PUBLIC SERVICE COMPANY OF COLORADO




FRILURE ANALYSIS TREE

OTHER SHRFT

MECHANICAL

SLACK CONTROL ROD CABLE LIMIT SWITCH

NOTES

1 =

3 -

NOT R FRILURE (INTENDED
FUNCTION)

NOT A CREDIBLE FRILURE ™MODE
(NO CIRCUIT AVRILABLE)

NOT A CREDIBLE FAILURE

MODE (NO STIMAUS TO
PRODUCE THIS FRILURE)

NOT, BY JUDGEMENT, R
CREDIBLE FRILURE ™MODE

(GNAP ACTION SWITCOH) SEE A’

NO CREDIBLE FRILURE ™MODE
(BRSED ON STRUCTURAL AND
MEORINICAL RUGGEDNESS OF
SWITCH)

FRILURE MODE EFFECTS ANALYSIS

NO INDICATING LIGHT ILLUMINATED
UPON RCTURTION - NOT BY JUDGEMENT
A CREDIBLE FAILURE -~ SEE "4
INDICATING LIGHT DOES NOT
ILLUMINATE., - NOT A CREDIBLE
FRILURE MODE (NO STIMULUS

TO PRODUCE THIS FARILURE).

SWITOH IS HELD ACTURTED

NORMRLLY AND CHANGES STATL

WHEN WEIGHT 18 REMOVED.

¢ NEVISED FTER DECDMEER 4, 1987 MELTING



Based on Fatlure Analysis
What Can Fail?
Explain what would cause failyre,

Pg. 2 = A - Slack cable Limit Switch fails electrically by sealing the
contacts 1in the closed position. Not judged a credidble
failure,

Cause - High inductive discharge from relay coil.
A commitment for testing of surge suppressors is in place.

Pg. 2 - B~ Slack cable Limit Switch fails mechanically by jamming the
shaft in the completely a:tuated position, Not a
credible failure.

Cause - None known,
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Note that these

APPENDIX M

SPECIFICATIONS FO: AEW COMPONENTS

new components will be specified and procured in

accordance with qualification criteria of new qualification
Material characteristics, temperature limits, expected service life,
synergistic effects, FMEA will be performed prior to modification
accordance with established qualification program, o

program,

in

FORM A 3 2 WV
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NOTES

] -

.
& «

5\

ELECTRICAL CONNECTIONS - THREE 20 GAGE WIRES PER MIL-W-22759/43
“RED* TO TERMINAL 3 OF 405FW504-8 SWITCH CARD, °“BLUE" TO TERMINAL 6,
AND "YELLOW" TO GROUND. “IRE LENGTH 72 INCHES MINIMUM.

ACTUATION: WHEN OPERATED WITH THE 405FW504-8 SWI1TCH CARD OPERATE
POINT FOR A TARGET OF 15-5PH STEEL, .625 OIAMETER BY .062 THICK
IS BETWEEN .060 AND .084 INCHES, RELEASE POINT IS BETWEEN .003 AND
.012 INCHES OVER THE OPERATE POINT DISTANCE.

MINIMUM OPERATING TEMPERATURE OF THE SENSOR IS -77°C.

SENSOR IS DESIGNED AND MANUFACTURED TO MEET OR EXCEED THE FOLLOWING
ENVIRONMENTAL PARAMETERS:

a) TEMPERATURE @ +1585°C

b) PRESSURE @ 845 P.S.I.

c) HUMIDITY @ 100%

d) RADIATION @ 1 RAD/HOUR

e) ALL THE ABOVE ENCOUNTERED SIMULTANEOUSLY

PART MARKING THIS SURFACE

|
1
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‘
C
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MICRO SWITCH

PACGEPOAY ILLINCIS 01022
A DIVIBION OF HMONEYWELL INC

THAT GOODS QONFORM TO SFECIFICATIONS

This will certify that MICRO SWITCH catalog listing X833 W~ (Custamer FPart

Number Reference None) furnished Public Service of Caleorade on its Confiming

Purchase Order N6194 and Supplement ¢l to TESSCD (MITRO SWITXH ALD.), Contract
(Nore) confoms to the dimensional, performance and ernvirormental requiremerts

of referenced purchase order,

.
/

/ (f</—"’“m/w (/,(,1
Huun K. BEinkley, “pe'v‘sorl

Arpprovals Engineering ,

13 August 1985
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i Public Service

Company of Colorado
2420 W. 26th Avenue Suite 100 , CO 80211 > O Box B
Denver, CO 80201 - 0840

Beckman Industrial Corp.
901 Oxford Street
Toronto, Ontario

Canada M8Z 5T2

Attn: Dan McBride

iometers shown on the
letter is specification

10 Turn 3600° Elect. 5400° Mech.,

Centered in Mechanical Turns

Mounting Same as Bechman 7603

2 Gang - Electrically Independent

1000 OHMS * 5%

Linearity @ 1/10 of 1% Error

High Reliability Seal - Per Item 10

High Temperature Relfability - 300°F Min.
Power Rating, Watts 5 @ 70°F, Derating to
Maximum Temperature Rating

Taps - Conductors or Terminals Penetrating "Can
(May Be Axial)

Direct Water Ingress Resistance to Maximum Level
Reasonably Attainable Maintaining

Torque < 10 In. 0z.

Seismic Qualification - STD for Series 7600
Shock = = = = = « =« = = STD for Series 7600
Standard Tests Not Named Above

Hydrolizable Chlorides Subject to I[tem 16
Copper may be used only if it is sealed
completely away from other parts.

Due to the atmosphere involved, all materials
require approval prior to their application.
7 - Pressure = 845 P.S. 1.

8 - Voltage Tracking Sect. 1 to Sect. 2 = .25%,

2
3
4
S
6

oo

Pt Pt P Puh Pt
N B D M) v

—
on

Should you have any questions or desire further information,

please do not hesitate to contact me at (303) 571-7

114
& .

JGH/dh
Attachment




Beckman Industrial - e b g oy
BECKMAN NDUSTRIAL CORPORATION

W OXFOAD STAEET TOAONTO ONTARIO CANADA MB23T2

TELEPHONE 418! 25! 8281 TWX 610492'%

January 8, 1985

Public Service of Colorado,
2420 West 26th Avenue,
Suite 100D,

Denver, Colorado,

U«8. A, 80211

Attention: Jim Henderson

Re: C of C For Model 7239-2966-0

This is to certifv that the components supolied on our
P/S 08993P, your order #N6113 were designed to withstand
845 P.S.I. and manufactured, inspected, tested and con-
form to your letter NDG-85-0081, February 8, 1985.

Yours verv truly,

BECKMAN INDUSTRIAL CORPORATION
ELECTRONIC TECHNOLOGIES DIVISION

. U
é;ﬂ”géli&%ﬁaﬂZT
ES/cc EdWard Smith,

Nuality Control Manager

JR.

BECKMAN NOUSTR(AL CORPORATION
ASUBSIDIARY OF EMERSON ELECTRICCO
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Helipot®
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Finish ................ / ..........................
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EBQCkm a nZ] INSTRUMENTS
Helipot®

Potentiometer Type | 237 37k O
Serial Number kL‘.\&'(b ...............
Insulation ‘/ sl
VBT AR T
Insulation ... ... '/ ..............................
Noise Less thun &ﬁ_ﬁl‘ﬁﬁ
" " " ! ’_‘__Ll_
" " v 2 _] |K |
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Interoffice Memo

y) Public Service-

Public Service Comyany of Colorado

L. Marquez

= T q 'y Enantin
Sub Lack of QdGa’.J’” e a

ol w -

while the radiation requirements &
were covered in discussions with the

to be a significant concern, as these
not for permanent installation

have the 1 rad per hour specification
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MAINTENANCE INFORMATION

FORM (Al 344 22 8317



Public FORT ST. VRAIN NUCLEAR GENERATING STATION
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CROCA PREVENT M

ENT: MAINTENANCE

RESPONSIBLE | % :
’FOR /
| AUTHORIZED L. ’
ay

RC ‘ poap— _ 10 EFFECTIVE
,:gjiew & 746 QCT 6-J8687 DATE  /
lsc:F o

Nowsens | 871012

o~ - —

/‘(: /S//‘/ 6"946«-/ - [ S

MQC Review J JA

Do not start test or
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§.46 [F {nspection and/or test
acceptance criteria(s) are
not met,

THEN  fnftfate SSR to refurbish
components as required and
{ndicate extent of
refurbishment below.

SSR # N/A

Remarxs

Replace orifice position
potentiometer per approved
procedure.

Procedure(s) used:

NOTE: Rod potentiometer and limit switch
replacement should be performed
during drive train refurbishment, {f
refurbishment s required.

§.48 Replace rod position potentiometer
per approved procedure.

Procedure(s) used:

§.49 Replace slack cable, red in, rod
out, and rod retract limit switches
(2 each) per approved procedure(s).

Procedure(s) used:

“Yest Lonductor Signature  Late

FORM(DIIT? . 22 A3
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APPENDIX J

FAILURE STUDY OF RPI COMPONENTS
FROM COMMERCIAL OPERATION TO DATE

-—

FORM A 4 22 83V



EVALUATION OF FAILURES OF ROD POSITION INDICATION
COMPONENTS SUBSEQUENT TO COMMERCIAL OPERATION

1

By J. G. Henderson

February 7, 1988




REVIEW OF MAINTENANCE DATA*

DATE COMPONENT SER# CISPOSITION
821229  In/0ut kL Type 1

811117 In R4 Type 2

810325 Relay 16 Type 3A

791107 Retract 17 Type 3

811110 Pot | Type 3

791107 Retract 17 Type 3

791103 Analog Ind 25 Cleaned Meter Case
791114 Pot 27 Zero Pot Adjusted
810706 Pot 31 Type 1

821018 Pot 5 Type 3

800804 Pot R23 Type 3

791107 In 1 Type 3(Assume In)
791109 In 17 Type 3

840217 In 18 Type 3(Assume In)
801031 Pot 27 Cancelled

840719 Slack 7 Not a Failure
821008 In 8 Type 1

840516 In 3 Type 1

830625 Pot 35 Type 3

790801 Pot 35 Type 2

No Failures 8507 thru 8802

Disposition Types:

1. Work description indicates no work required
2. Adjusted Component

3. Replaced Component

3A. Replaced component (mounted outside core)

Note: Sources of data include:

a) '79 thru '84 component tracking report #5597
b) '8507 thru '8802 data from system engineer




EVALUATION OF PERIOD BETWEEN FAILURES

DATE COMP SER#  MONTHS HOURS ( THOUSANDS ) ##+
791107 n 1 P —ee

791109 In 17 066 8.9

200804 Pot R23 9 1,216.2

811110 Pot 17 15 2,029.1

821018 Pot B 1 1,486.5

230625 Pot 35 8 1,081.1

840217 In 19 8 1,081.1

8406XX Misc Misc 4 540,5*

8802x X suke cene 33 4,459, 7*x

* Multiple failures assumed to occur at same time (as the purpose
of this document is to show period between failures, no benefit
is gained by showing specific data)

** Calculated from July, 1985 (end of refurbishment)

*** Hours of availability/year = 365.25 x 24 hours x 37 rods x §
components (Note 1)

Note | Five components is conservative as (2) rod-in and (2) rod-out
switches are considered while the potentiometer (dual-gang)
is considerad as (1) component. The slack cable switches are
not considered as no failure of this component has has ever
occurred.




CONCLUSIONS

APPROX. AVERAGE NUMBER OF FAILURES PER CALENDAR YEAR:
EOTS <1

SWITCHES: <1

1)

2)

Some of the components which failed thru the years prior to and
during the '84 incident were part of the original installation,

Multiple failures during June, 1984 point to the high probability
of operator error. The operators (as observed and reported by
the NRC) tended to overdrive the rods in an attempt at obtaining
correct indication from noncperational limit switches and thus
damaged the potentiometers as well.

The zero failure rate from refurbishment of 1985 (approximately
July) thru February 1988 shows that enhanced operator training in
operation of the control rod drives has been effective,
Furthermore, the avaijability of the new equipment for 4.5
million hours indicates the replacement parts have served well,

The reliability rate of the existing RPI system (based on a
failure rate of 1 component per year) is:

( 1 failure per year ) = ,005
(37 rods x 5 components)

Based on conclusion 2, above, 1984 failures are not included in
failure calc as the data is not considered valid for the reason
indicated.
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FMEA OF NEW DESIGNS
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FMEA of Proposed Replacement Sensors

(1) Non-Contact Sensing for Full-In/Out Position

Fa‘lure Modes Analyzed Credible? Comments

Jamming (mechanical) No Non-Contact, Double Nutted
into place.

Sensor Failure Yes Per Mfr. Calc: MTBF @ 257°F =

2 million hrs/8766 hrs/yr =
228 yrs Life

MTBF @ 300°F = 1.5 million
hrs/8766 hrs/yr=171 yrs.

(2) Extended Range Potentiometer

Jamming (Mechanical) Yes If rod is driven approx. 30%
beyond Full-In or Full-Retract,
the potentiometer will jam and
fail l1ike the existing component.

Galvanic Corrosion No A1l materials are isolated from
the copper winding core.

Disparity in Output No 1% linearity
.25% Tracking Phase 1 to Phase 2.
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APPENDIX L

(REF. 1)

Preliminary report related to the restart and continued operation of
Fort St. Vrain Nuclear Generating Station (excerpt from)

S —

FORM (A) 3 22 w317




2, UNITED STATES
NUCLEAR REGULATORY COMMISSION

~ (5]
M 3 WASHINGTON O C 20858

5

'y ' '

0CT 16 wa4 =

Mr, R, F, Walker, President ' R
Public Service Coppany of Colorade

:. 3. 3ox 840
Denver, Colorado 80201

Dear Mr, walker:

In early July | dirested my staff, with assistance from Regfon IV, to pe--
form an audit of Fort St. Vrain operations including problem areas asscciated
with the June 23, 1984 event regarding the faflure of a number of control rocs

to insert,

A preliminary report (copy attached) has been developed by the staff which
documents the results of our assessment, The report contains findings that
the staff believes should be implemented before and after station restart,
These findings are contained fn the Executive Summary and at the end of each
section in the body of the report. The report is preliminary in that various
options to solve staff's findings are available to the 'icensee anc need to
be discussed prior to final resclution,

Public Service Company of Colorado shouid review and evaluate the report

and determine what followup actions are appropriate. We intend to schedule 2

meeting to discuss your proposed actions to resolve these findings and will de
in contact with you to schedule such a meeting.

" AL

Harola R, Denton, Director
Office of Nuclear Reactor Regulation

Enclosure:
As stated

cc: See next page




3 CONTROL ROC INSTRUMENTATION ANOMALIES

3.1 Introduczion

on July 30, 1984, the NRC was informed of numerous and varicus contrel rod
‘nstrumentation ancmalies in several refueling regions in the reacter, The
rleven ancmalies inclucded: simultaneous mod-in and rod-oyt indications,
out-limit switch l1ights remaining lighted, indications of partial rod withe
drawal, no position signals, disparity between analog and cigital rod pesition
information, and a slacke-cable indication., A team of NRC technical personnel
and their consultants from Los Alamos National Laboratory, visited the plant
site on August 1-3, 1984, to reviaw the instrumentation problems,

This Section reports the results of that plant visit, This Section includes a
description of the Contrel Rod Drive instrumentation characteristics and the
anomalies cbserved, 2 aan.'iury-ovnuaﬂon of the arzmalies and their effect
on verifying control rod position, and recommendations, The results are
included 1n the assessment report because they relate to the overal!
perforance of the CROMs,

3.2 Control Rod Instrumentation

At cescribed in Section 2 of this report, the principal mechanical components
of the CROM are the shim motor and motor brake assemdly, the reduction gearing
to the cable drum, and the control rod pair suspgnded by cables from the drum,
Integrated into the CROM and used to determine control rod positions are the
instrumentation-related components that include the rod pesition
potentiometers, rod-in and rod-out 1imit switches, limit switch cams and gear
reducer, and the slack-cable indication device. T™e relative locations of
these components are shown on Figure J.1.

The control rod potentiometers are intended to provide continuous monftoring of
control rod position., As shown in Figure 3.2, both of the ten-turm,
potentiometers are directly coupled to the rotation of the cadle drum. The

31



coupling is provided by connection of the potentiometer snafs o the catle am
B, The potentiometer snaft Dasses tNrOUGh the drum SUDDOPFT, And A Sinien
jear on the shaft drives the Timft switch cam wheel. Beyond the pinion, a
mitielaw coupling drives the two potentiometers. Outout from the sctentise
meters 1S providec o the operater through separate analog and 2igisal reacouts
in the control room,

s previously mentioned, “mod-in" and "rod-out’ pesiticn incication is gravicesd
Dy cam-actuatec limit switches (the potentiometer shaft shown in Figure 3,2
diso crives the cam wheel), At the full rod-in position, the cadle anchor on
the cable drum and the cam are at the & o'clock pesition, and Soth rodein limis
switches are actuated. Full rod travel (190 ¢ 1 tnches) to the rod-out
position causes the cam wheel to rotate clockwise 3/4 turm, actuating the pair

of rodeout limit.switches. Limit switch actuation s indicated by
steadily-lighted lamps in the control room,

The slack-cabie switch assemely shown in Figure 3.3 13 provided for menitoring
the tension in the cadlies supporting the control rod pair, The spring plunger
exerss an upward force on the underside o7 the cadble drum spindle, wnich
counteracts the downward force caused by the control rod weight. [n the event
a control rod cable becomes slack, the upward force overcomes the contro!l rog
weight, and microswitches are actuated. Slack cable Indication 1s signalleg in
the contro! room by both an alarmm and a 1ight.

3.3 Cont=s! Ro¢ Orive [nstrumentation Review

In response to the information received about instrumentation anomalfes the NRC
staff ard Los Alamos personne! reviewed the overa!! control roc assesply as !¢
~elates to control rod drive performance and control rod position indication,
The team requested and recefved extensive, detailed information on the CROM anc
interfacing instrumentation, The major ftems discussed were:

1. the instrumentation ancmalies currently being experiensed;

2. the CROM mechanical fnterface to the rod position instrumentation,
which includes the potentiometer drive gear and shaft acting as the
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pinfon for the cam wneel drive and the rod-in and rod-out 1imit
switches, a myltiejaw coupling, and the two potentiometers; and

$.  the electrical capabilities of the CROM instrumentation %5 cetermine
contrel rod pesiiien under normal and adverse conditions,

The instrumentation anomalies coserved at the time of the plant visit are

.

summarized in Table 3.1.

From 2 mechanical perspective, the CKOM instrumentation s indeed directly
coupied t2 the motion of the cable drum, which dictates the movement of the
control rods., However, under certain conditions, the mechanical aspects zan
actually 1nnibit the performance of the instrumentation., The common 3haft
controlling both-the rod position potentiometers and the 1imit switches is
susceptible to damage by overariving the control rod pair past the rod-in
pesition. This problem has been encountered when, for some reason, a given
cosmol rod pair, when supposedly fully inserted, may not acsuate the med-in
Timit switch, In an attempt t0 actuate the switch, the cperator would
typically try to overdrive the control rods to attain full insertion (even
though the cperation manuals (Ref. 1) stronyly advise against such & maneuver).
inothis case, the in-limit cam can rotate past the inelimit switch, and the
cut-Timit cam can rotate to interfere with other mechinical components
mesuiting in damage to potentiometer shafe. ™is cdamage can occur because
neither a pesitive stop s provided to restrict cam wheel overrotation nor is
there sufficient clearance for the cam %0 overrotate. [f the shaft s damagec
by overtorauing or shearing, or the multi-jaw coupling s ditplaces, the Two
od position potentiometars at the end of the shaft can give: the same
erronecus signal about the actual position of the control rods on both

- readouts, different analog and aigital outputs for the same rod positien, or no
output signals at all. On the other hand, {f the control rods are overdriven
by 1/4 turm of the cable drum (about 10 inches), the cable.anchor can become
wedged 1n the cable groove of the drum, and then upon withdrawa!, the control
‘rod cables may not feed onto the drum correctly, or can become entangled. It
is clear that this type of intagration of mechanical and instrumentation
components can mesult in 4 single point faflure, can potentially resylt in
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camage t0 the instrumentation, and does not provide an r1adecendent incication

fullein pesition.

ciscussions were Neld with tne licensee regarding the electrical
¢f the CROM ang instrumention, Elecirical schematics
pment [-5303, Operaticn and Maintenance Manua'®,

the "Instailation, Operaticn and Maintenance Manual for the Contre!
drificing Assemdliy for the Fort St. Vrain Resctor” Ref. 2, were rev!
staff., The Ticensee stazed that none of the control and indication
for the CROM fs classifiec as safety-related, except for the bdypass
used during a scram 0 energize the shim motor t¢ drive in the cont

A number of questions were rafsed as to the effective redundancy in zimcuits
such as rod-in amgd rod-out 1imit switch indications. Accorging %0 the elec-
trical schematic (Figure 3.4), the rod position limit switches may not de, in
effect, recdundant, because the 1css of one swisch of the pair is not
cetectadle. -In other words, 4 single circuit switeh failure would go
Jndetected. [f this occurs the loss of the second switch w1l resylt in
complete loss of full-in or full-out ingication. The rod-in and rod-cut
switches are integrated into the mechanical aspects of the CROM =2 th

that the same switches are used for both rod drive contrel and mod o
indication,

Purchase specification were reviewed t2 determing how the CROM ingtmumentation
should be expected to perform in normal and adverse environmenta! concitions,
That review indicated that al)! CROM instrumentation is of commercial grace, ang
that no special quality or safety-related specifications are recuired., N
housing or shielding is provided to protect CROM instrumentation from the
axisting envirorment,

Under relatively norme! operating conditions, such as Just prior %0 the control
rod insertion failyre, control rod position instrumentation had deen jenerally

)

operable., Within two days after the control rod insertion failure, 2l
rods ware exercised, and rod position instrumentation was operadle.
waeks af%6r the insertion faitlure event the core was depressurized.




3fter the depressurization that the broac array of instrumentation gnomalies
were cbserved during subsequent control rod exercising., The staf’, there‘ore,
believes that the mod position instrumentatior s quite likely %5 Secame
unrelfatle when subjected %o depressurization following expesure %0 a heot,
moist envircnment, It 13 Tikely that concensation of moisture and westing of
electrical components occurred after reactor pressure was reduced,

The staff ‘ocused 1ty attention on the specific prodlems regarding the CROM
‘ocated in Region 19, where both the analog and digital readouts indiczatec thas
the cortrol rod was withdrawn about 40 inches. when asked {f the
fnstrumentation should be believed, the PSC responded that they di¢ net telieve
the installed rod position readouts, but that they had verified %o their
satisfaction that the contrel rod was indeed fully inserted. T™his conclusion
was Dased on sigmature traces ‘rom watt-meter testing of the shim motor,
Accoraing to PSC, at some point aftur depressurization, the Regien 19 control
"¢ pair was deing exercised, and wnen the rod pair was fully inserted, the
rod-in Timit switch ingication did net come on. The operator drove the rod
patr in further o 45 t0 make contact with the limit switeh, Again, no contacs
was indicated. At some point during this attempt %0 get full rodein
fngication, the 40-fnch offset was noticed. Therefore, 2 watt-mete” test was
performed on the Region 1§ shim motor. The wattage reading of the snim motor
was recorced as the rod pair was "yo-yo-ed," f.e., 2 Pepetitive witrcrawa! ang
insertion sequencing. Based on past experience anc the Regien 15 traces, PSC
conciuded that the contrl rod pafr was fully inserted. However, when the
$taf’ examined the Regfon 19 traces, the evidence was inconclusive. The
fnconclusive watt-meter traces in conjunction with analog/afgital indications
prompted the staff to request that i more definitive verification of the
Region 19 control rod position be performed.

T™he verification technique selected by the licensee consisted of manually
retracting the cortrol rod pair from the region, as ¢f in greparation for
refueling removale=i e., the control rods are completaly drawn up into the
mfuelirg penetration housing, A completaly separate limit switch, incdfcates
full control md retraction to the refueling position, I[f the rontrel rod were
completely insertad, then fuil retraction would require an additional 50 Inches




of trave! over the normal 130 inches of rod trave! (“or a *utal of 240 inches)
‘rom the rode-in position, corresponcing to a tota: of 330 turms of the manua’
rewing tool. On the night of August 2, 1584, the Region 1§ control red pair
was witharawn 330 surms when the full retract sosition indication was obtained,
proving that indeec the rod had teen fully inserted. However, 1% alse
demonstirated that the installed rod position ‘nstrumentation alone s
nsufficient to determine control rod pesitions under acverse concitions, such
1S when mechanical damage may have ocsurred %o =od pesition imstrumentation,

‘t 1s evigent that control rod analog and digital pesiticn ingications can be
in agreement without reflecting the true rod pafr position,

Statistically, no particular instrumentation ancmaly . to be prevalent
Jnder these adverse circumstances., A surmary ¢ the current status of the
cortrol rod drives, instrumentation and orificing, as prepared by PSC, shows
that the anomaltes tend to be evenly distributed among mod 1imit swiscning
predlems, digital and/or analog reacout problems “~om rod position petentioe
meters, with the exception of the sing’e slackecable reiated prodlem. T™is
pattern is in contrast to the historical cistribution, whers rod position
potentiometer prodlems had been domirant. In reviewing past fnstrumentation
anomalies as recorded on PTRs (Plant Trouble Repert) since plant startup,
aporoximately 47% of the ancmalies are mod position petentiometer prodlems,
about 17% are limit-switch related, less than 2% are related to slack-cadle
indication, 17% are connected %0 orifice valve probiems that are not germaine
te this review, and 9% are related to motor/brake and other a malies. In 2
majority of the cases, the "faulty" component was simply replaced.

1.4 sumaRy

In general, the instrumentation anomalies are believed to by the result of
mechanical damage or exposing the CROMs to a hot, moist atmosphere and 3
subsequent core depressurization, As statad in Ref, 1, proper CRDM anc
instrumentation performance requires maintaining purge flow into the CROM
cavity, and maintaining drive mechanism temperstures below 250°F. Loss of
purge flow certainly contributed %0 the ingress of moist helium into the CROM
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cavities. The affects of depressurization on instrumentation pe~formance are
net well understood, but there 15 significant evidence that depressurization
conjunction with @ moist envirc inent can tend 2 ‘ncrease instrumentaticn
prodiems. These problems are likely caused by concensaticn of moisture on
slecirical components. In contrast, the Region 1§ instrumentation ancmalies
were most likely caused Ly overdriving the control rods, theredy damaging the
cotentiomeser shafe, and resylting in ambigucus and errcnecus pesition
instrumentation readings.

3.8 CONCLUSIONS

The following conclusions are dased on the possibility of unreliadle
performance of the CROM rod position instrumentation under adverse canditions
and/or mechanical damage from overdriving, questions concerning imstrumentation
redundancy, and the lack of indepencent rod fullein position verification,

The staff nas cetermined that the following actions must be completed srior %2
restars:

1. To prevent CROM damage and to protect rod position potentiometers ang
Timit switches, plant procedures should b2 changed 0 prevent overcriving
the control rogs past the mod-in limit (ro-yo-ing).

2. Periodic surveillance of rod porition potentiometers and switches shou'e
be develcpec and ‘mplemented in interim procecures and de propcsed for
tnclusion in the plant Technical Specifications. This surveillance should
include verification of 1imit switch operadility and confirmation that
redundancy has not been lost,

™e following actions should de taken in the long-ters:

1. Damage due to overtravel should be precluded efther by the installation of
¢ positive mechanical stop or by providing sufficient clearance 2 srevent

damage.
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3.

3.6

-

An aperopriate, incependent anc cefinitive means of verification of
sontrol rod fullein position should be proviced because the inssalled

"¢ pesition ingtrumentation can be fnadequate %o verify control rod
pesition, [n the present form, watt-meter testing of the shim moter s
consiceed inacequate %0 verify full insertion ¢f contrel rods. It is
therefore concluced that the watt-meter method be r~efined or an 2itermate
method De developed 30 achieve sufficient resolution of =o¢ position and
then formalized into a plant procecure.

Conduct an integrated systems study %2 resolve mod pesition ingication
maintenance and operability questions,
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Table 3.1 Cyrrent CROM angd Instrumentation Anama'ies

CRON

No.

4]
28
29
33
37
39

Cyrrent
ion

* Equipment Storage wel)

Instrumentasion
Prablem

1 ¢f 2 rod-out 1imit switches inoperacie.
[ncorrect Control Room (CR) amaleg pesition
ingication,

Faulty rodein 1imit switch, incorrect GR
analog and digital indicatien,

Faulty slackecadle switch,

Faulty red-out switeh,

Faulty rod-out switeh,

Faulty analog position indication,
Faulty red-out switches.

Incorrect CR analog pesition ‘ndication,
faulty rod-in 1imit switeh,
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Dockat No. 50-287

Mr R 0. Willigms, Jr

Jice Presicent, Nuclear Operations
Public Service company of Colorade
P. 0. Box 840

Cenver, Colorade 80201-0840

Oear Mr. williams,

SUBJECT: EVALUATION OF INTEGRATED SYSTEMS STUDY CF CONTROL ROD ORIVE MECHANISM
POSITION INDICATION INSTRUMENTATION FOR TWE FORT ST. VRAIN NUCLEAR
GENERATING STATION (TAC NO. 62198)

we Nave completed our review of your submittal Jated August 15, 1986 (P-86522).
which contained an integrated systems Study of the control rog arive mechanism
(CROM) position instrumentation at Fort St. Veain (FSV). This review wads per-
formed by our contractor EG&G, [daho, Inc. Their Technical Evaluation Report
(TER) is enclosed.

The staff has reviewed this TER and concurs with the EGAG, Idaho, Inc. conmc)y-
sion that Public Service Company of Colorade has not provided an acceptad'e
proposal to upgrade the contro)l rod position instrumentation system for Fort
St. Vrain. Section 4 of the TER gives the reasoning for this conclusion, we
are forwarding this TER to you to allow for ancther proposal for the upgracing
of the control rod position instrumentation system.

we request that you provide a new schedule for completing this proposal within
30 days of the date of this letter. The New proposal should be provided within
the following 120 days after your schedule is estab)isheq.

The information request in this letter affects fewer than 10 respondents; there-
fore OMB clearance is not required under P L. 96-511.

Sincerely,

o2 ‘ e :
Kenneth L. Heitner, Project Manager

Project Directorate - [V
Division of Reactor Projects - III,

[V, and Vv and Special Projects .

Office of Nuclear Reactor Regulation

Enclosures:
As stated

CC w/enclosure:
See next page
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A35TRACT

This EGAC [camo, Inc., report presents the results of an eva'uation of
an integrated systems study (engineering evaluation) of the contrs! rod
drive mechanism rod position ‘naication instrumentation for the Fort St.
Vrain Nuclear Generating Station which was submitted to the Nuclear
Regulatory Commission (NRC) by the Yicensee, Public Service of Colorado
(PSC). The evaluation by EG8G lcaho, Inc., concludes that PSC has net
complied with the NRC girective to prepare an engineering evaluation of the
prodlems experienced with the ~~ntrol rod drive rod position indication
because 1t does not adequately address the prodlems that were experienced at
the Fort St. Vrain Nuclear Generating Station, and does not propose
acceptadble component replacements. [n addition, the proposed rep’acement
instruments that are important to safety (full=im limiy - -**heh and rod
position potentiometer) do not comply with the quality standard and
instrumentation requirements of Genera! Design Criteria No. 1 and 13 of
Appendix A to 10CFRSO.

Docket No. 50-287
TAC No, 62198
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FOREWORD

This report is supplied as part of the "Review of Plant Specific
Licensing Actions for Operating Reactors,” Task 1-1¢ deing conducted for the
U.S. Nuclear Regulatery Commission, Office of Nuclear Reactor Regulation,
Division of PWR Licensing-B, by EGSG ldaho, Inc., NRR and I&E Suppore

Branch,

The U.S. Nuclear Regulatory Commission funded the work under
authorization BAR 20-19-10-11-2, FIN No. D6023.

Docket No. 50-267
TAC No. 62198
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EVALUATION OF [NTEGRATED SvsTEMs
STUDY OF CONTROL ROD DRIVE MECNANISMS 200
POSITION INCICATION [NSTRUMENTATION F0R Taf
ELAT ST, VRAIN NUCLEAR GENERATING STATION

1.0 BACKGROUND

Following a scram on the morning of June 23, 1984, at the Fort 3t
vra‘n Nuclear Generating Station (FSV), 6 of 37 rod sairs failed to scram.
As a result of this event, the Director of Nuclear Reactor Regulation (NRR)
orcered that an audit of the overal) operation of FSV be performed. This
4udit was to include problem areas associated with the June 23 scram.

The Control Rod Orive Mechanism (CROM) is comprised of the shim moter
and motor brake assembly, the gear reduction to the cable drum and the
control rod pairs suspended by cables from the drum. Instrumentation-related
components, integrated into the CROM, used to determine contral rod
pesitions include the rod position potentiometers, rod-in and rod-out limit
switcnes, Timit switch cams and gear reducers, and the slack-cadle
indication devices.

On July 30, 1984, the NRC was informed of numerous and varied contro!
ro@ instrumentation anomalies in several refueling regions in the reactor
(Refence 1, section 3.1). The eleven anomalies included: simyltaraous
rog-in ang rod-out indfcation, out-limit switch 1ights remaining 1ighted,
ingications of partial rod withdrawal, no position signals, disparity
between analog and digital rod pesition information, and slack cadle
indication,

The results of the NRC audit were documented in a preliminary report
which was issued on October 16, 1984, (Reference 1). The report contains
findings to be addressed both before and after plant restart. The NRC staff
noted that a number of deficiences need to de corracted on a long-term dasis

l




f3170ming restast. The licersee was directed i3 UMt schedues witmim &
Cays of restart for completing these items. One of the itemg 'igteq .nger
®Actions Required Following Restart” i ‘Comguct an integrated systems $54Qy
(engineering evaluation) to resolve rod position ‘ndication. naintenance ang

cperadilisy questicns. "

On August 15, 1986, Puslic Service Company of Colorade (PSC) issued a
report entitiea “Integrated Systems Study (Engineering Evaluation
EE-12-0013) of the Contro) Rod Drive Mechanism Rod Position [ndizatisn
Instrumentation” (Reference 2). This Engineering Evaluation By PSC was n
response to the requirement listed in Section 4.e of the Executive Summary
of Reference 1, and is the sudject of this staff evaluation.
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QESIGN BASIS calver:a

The following Genera) Design Criteriy (GOC) of Appengix A to 10 CFR &0
aoplied to the evaluation of tre Fore Sp. *ain Integrated Systems
of Control 204 Drive Mechar:isms Roa Position Indication

- -

Jrentation,

Criteria | - Quality Stancards arg Records. Structures, systems, ang
components important to safety shal) be desigred, fadricated, erectes
ang tested to quality standards commenserate with the importance of the
safety function to be performed.

Criteria 13 - Instrumentation and Contro). Instrumentation shal) be
erovided to monitor variadles and systems over their anticipated ranges
for norma) operation, for anticipated cperationa) occurrences, and far
accident conditions as appropriate to assure adequate safety, including
those variadbles and systems that can affect the fission process, the
Integrity of the reactor core, the reactor coolant pressure boundary,
ang the containment and its associated systems. Appropriate contrals
shall de provided to maintain these variables and systems within

prescrided operating ranges.




3. VALLATION

The PSC respense to the NRC preliminary repors, spec'fizally aggresses
the requirement for an integrated systems study Mgineering evaliatisn) %2
rescive rod pesition ingication (RP!) mainterance and weradiity
Questions. [t was ‘ssued in the form of an Engireering Evaluation
(EE=12-0013) ane documents the evaluation of severa! active and 2asstve
electrical components in the RP! system %o tdentify any potentia) design
deficiencies. These components included the contro) rade-pair fullein ang
full-out Timit switches, slack cadle limit switches and red-pair position
potentiometers. In acdition the associated Yights and meters in the control
room were evaluated. The EGAG eva'uated the integrated systems study by PS¢
to determine 1f the root causes of the anomoiies had been identified, if PSC
had proposed design changes that would correct them, and if the proposed
design changes were in compiiance with Genera! Design Criteria (GDC) 1 ang

13. The results of the £G4G evaluation follow,

3.1 Contro) Rog-Pair Fyll-In and Full-Out Limit Switches

The most common oroblem observed with the fullein and full-gut limit
switches was pitting, errosion and corrosion of the switch shafts which
Caused dinding of the switchs which resulted ‘n inaccurate indications in
the contrel room. PSC stated that the pitting and eresion of the shafss,
and the depesition of shaft metal on switch housings was due to the high
angle at which the actuating cams contact the switch shafts exerting
excessive lateral force on the shaft theredy causing binding and or dreacage

of the switeh,

The conclusion that the high angle of the cams is responsidle for the
high lateral Toads which caused the switches to dind is not supperted. The
NRC preliminary report stated that the instrumentation anomalies are
believed to be the result of mechanical damage or exposure of the CROMs to a

hot, moist atmosphere and a subsequent core depressurization which resulted

In congensation of moisture. [t is very )ikely that moisture caused pitting

of the plunger and contriduted %o the fatlure of the rod position
)



instrumentation. The study By PS¢ does ~ot ‘melude an eva'uation of
corrosion of the switch compoments, and the effect corrosion would mave o

the mechanical 2peration of the switcmes.

PSC proposes to replace these switcnes with 2roximity SENSOrS which are
specially designed for the'r application and environment. This is ar
acceptadle so'ution 1f the sensors are cesigned %o satisfy approsriate
functional, and operational requirements, and are qualified for the
environment n which they must cperate. However, the statements “desigred
for FSV's application and environment” and “capadle of operation at severa!
hundred degrees Fahrenheit adove the requirements” are vague and do not
ddequately specify the operating conditions and functiona)l requirements for
the design, fabricaton, and procurement of the sensors.

The full=in Timit indications can de classified "important to safety”
Decause they are the primary means of verifying that the contro) rod drives
(CRDs) have fulfilled their reactor scram safety function. The proposed
changes to the full-in Tim‘t switch does not comply with the design
standards requirement of GCC 1, or the instrumentation requirement of GOC

13,

The concern that the out=limit cam deing overdriven and damaging the
potentiometer shaft is not addressed in the PSC engineering evaluation
(Reference 2). It is stated that, “targets for the sensors will de srovided
Dy replacing the existing cams with stainless stee) cubes. These targets
are the same size as the existing cams and will not cause any new mechanica)
interference problems.” They will therefore have the same potential %o
damage the potentiometer drive coupling and shaft, due to overdriving, as
the original cams. It is stated that administrative limits have been
imposed to prevent overdriving the system, However, if it is sti))
necessary to provide replacement potentiometers with adc ciona) turns to
avoid being damaged when overdriven, 1t should also be recessary to address
the fact that the stainless steel targets wi)) damage the potentiometer

shafts when the system is overdriven,




Since the ana'og position indicators are "impartant o safety, " tre

14

out=Timit cam must e desigred so that ovargriving it wil! et gamage She

Potentiometer shaft, or SO tRAt they can net De overdriyen

Therefore, it is concluded that PSC has not performes 3 satisfactor

9

engineer ng evaliation of the prodlems 4350CTAted with the fullein fullegye
Switches, Mas not nropesed solutions which will correct the prod'ems, and

has not complied with the requirements of GOC | ang 3.

3.2 35lack-Cadle Limit Switches

In Reference 2, PSC states that the engineering evaluation of tre
slack-cadle 1imit switches revealed no krown failures ard the switeh
marJfacturer confirmed this to be an acceptadle application of the switeh,
However, the 1ist of anomalies in sectior 3.1 and tadle 3.1 (Reference 1)
indfcate a slark-cable switch failure which was not addrecsed by the
licensee. The statement that the manufacturer confirmed this to be an
acceptadle application of this switch is not acceptsdle because it does not
resolve the question of why the switch failed. The engineering evaluation
should have included a comparison of the design requirements for the switch
with the known operating conditions to determine if the failure was design,
fabrication, or maintenance related. Therefore, it is concluded that PSC
has not performed a satisfactory engineering evaluation of the slack-cad'e
Timit switches and has not proposed any solution to correct the prodlem.

3.3 Posgition P At r

The engineering evaluation of the position potentiometers by PSC
revea'ed that resistivity changes were caused Dy moisture intrusien into the
case and that driving these potentiometers past their Timits had caused
broken bodies ard drive gears. The changes in resistivity caused some
measurement uncertainty. Section 3.3.3 of the NRC preliminary report
(Reference 1) states that overdriving the potentiometers can result in the
out=limit cam rotating around to the point that it can interfere with ang
Cause damage to the potentiometer sh|f§ coupling.



PSC proposes to replace trese POtentiometers with new ores specificall,
designed and fadbricated for thnis application. The replacement
potentiometers are o D@ Bu''t with g 10 tuen electrical section centeres sn
4 15 turn mechanical section and mourted the same 4s the Bechman Mode! 7603
WRICh are currently used. These ang other specifizations are included 1in
"Specification for Prototype Potentiometers,” Appendix O, of Ref. 2. The
proposed replacement potentiometers are an ‘mprovement . “owever, because
they provide the operator with continuous pesition information for all the
Fods during operation and following a scram, they are considered “important
to safety.” Therefore, they must be desigred, fadbricated and procurred to
the requirements of the appropriate GOCs. The specifications for the
potentiometers presented in Reference 2 are appropriate for a commercia)
grade component, but did not comply with the Quality standards and reporting
requirements of GOC 1, which are necessary for a component that must comply
with GOC 13. For instance, the requirements for a quality assurance program
were not called out. Environmental conditions such as minimum and maximym
temperatures, and maximum moisture content of the Melium atmosphere were not
specified. [f PSC procures commercial grade potentiometers for this
application, they should develop a formal program to qualify the
compenents. In developing the qualification program, PCS should awply tre
applicable guidance contained in Chapters 1.11 and 4.6 of the NRC Standare
Review Plan (Reference 3) which dea) with environmental qualification of

mechanical and electrica) equipment, and the functiona) design of control
rod drive systems,

3.4 Results of Evaluation of Proposed Contro) Rog Drive Tempersture Limits

Since the RPI instrumentation is an integral part of the CARDM, it i
subject to the same design and functiona) requirements as the JRDMs. In
this context, reference fs made to the NRC Safety Evaluation Repert (SER),
dated December 24, 1987 (Reference 4). Reference & is an evaluation of a
PSC propesal to increase the cperating temperature limits of the FSV Contro!

Rod Orive and Orifice Assemd)ies (CROCAs) to 3009 . The findings and
'y applicable to the CROM

deficiencies identifios in Reference & are jenarg

-
¥




FOQ position instumentation. The cperating envirorment of the CElMg ing the
Fod position instrumentation fs the same. Therefore, the important to sa‘ety
instrumentation should De subject to the same requirements. The
deficiencies in the CROM submittal (Reference 4) that are aso'‘cadle %o the
safety related rod position instrumentation are )isted Delow,

1. PSC 272 not provide acceptance criteria developed from tre functiong!,
operational and cesign specifications against which 2o eva'uate the

proposal.

2. PSC did not provide information on the mechanical and electrical
properties of materials in the RP! comoonents as a function of
temperature, humidity, pressure, and radiation.

3. PSC d41d not address maintenance of RP! instrumentation.




€. CONCLUSIONS
The Yicensee for the Fort St. Vrain Nuclear Peower Station, Public
Service of Colorade, Mas not provided an accectadle proposal to upgrade a
selected number of Contro) R0d Pesition Instrumentation Systems. The
rational for this conclusion ‘s given dDelow.

The submittal was reviewed for compliance with the NRC requirement trat
PSC conduct an integrated systems Study to resolve rod position indication
maintenance and operability questions, and the wplicadle requirements of
the General Design Criteria (Appencix A to 10 CFR 80) for “important to

safety” instrumentation,

Cf The licensee did not perform a thorough evaiuation of the failures that
were fdentified fn the NRC preliminary report. ®The contridbution of
corrosion of the full-in Timit switches was not evaluated Rne design of the
relacement targets for the full-in/fyull-out limit switches did not consider
the potential for damaging the rod position potentiometers when the contro)
rods are ovordr*vonslpho fatlure of the slack cable Vimit switches was not
evaluated, ani‘!ho specification for the replacement rod position
potentiometers dfd not include all the environmental conditions that the
components could be exposed to and did not define how the potentiometers
would be qualified. In additioniho proposed replacement instruments that
are important to safety (full-in limit switch and rod position
potentiometer) did not comply with the quality standard and instrumentation
requirements of GOC 1 and 13 of Appendix A to 10 CFR $0.
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