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Worcester Polytechnic Institute

Your cooperation with us is appreciated,

Sincerely,
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Richard W. Cooper
Deputy Division Director
Division of Radietion Safety and

Safeguards
£e!
Dr. R. Goloskie, Reactor Safety Officer
Dr. D. Apelian, Provost
Dr. J. Mayer, Chairman, Nuclear Engineering Program
Dr. W. Vernetson, TRTR

Public Document Room (POR)

Local Public Document Room (LPDR)
Nuclear Safety Information Center (NSIC)
Commonwealth of Massachusetts (2)

bee:

Region 1 Docket Room (with concurrences)
Management Assistant, DRMA

T. Dragoun, DRSS

S. Weiss, NRR (OWFN 10021)

P. K. Eapen, DRS

TBuy Pl
RIABSS S HQ:NRR
VHE f
ag ¥ rej;y §Z Michaels
12/1%/90 12/)3/90 12/)3/90

R1
o
12/1% /90
OFFICIAL RECORD COPY

T :DRSS . RI:
Cdoyn n Cooper
12/ 3790 1271 3/90

REACTOR PERIOD METER - 0001.0.1
12/13/90



13-11-80 110:28A : W.F. 1. DEPT.OF M.E. = 215 337 Bo24i¥ 2/12

Nuglear Reactor Facility

ORCESTER 100 [nstitute Road
OLYTECHNIC Worcestor, MA 01609.2280
i (308) 83185276
INsTITUTE (508) 831-5236

FAX (508) 831.5680

December 11, 19%0

Mr. Theodore 8. Michaels
UBNRC

PDNP

M.8., 11-B~20

Washington, D.C., 20555

Dear Mr. Michnels:

Thie letter is in response to the Incident involving the
operation of the Worcester Polytechnic Institute's Nuclear
Reactor Faclllty on Tuesday December 4, 1990 and reported to
NRC by myself that same evening. The enclosed report
detalls the events surrounding the incident, subsequent
analyses and actions discuesed with and approved by this
facility's oversight committee, and the conclusiong drawn,

To summarize, while shutdown on Tueaday afternoon
maintenance was performed on the Log~N/Period Ampllflier
which required its belng de-enerqgized and removed trom the
control console. llowing the maintenance, the log
amplifier portion o. Log-N/Period Amplifier wag calibrated
and the safety system scram was observed operzxble for a 7.5
second indicated period. During power ascersion to 900
watts, the console operator surmised the actual rate of
power change wae faster than was Iindicated by the period
meter. The operator then took immediate action to shutdown
the reactor,

Subsequent analyses indicate that when the log ampliflez
portion of the Log~N/Pericd Amplifier was calibrated,the
Log=-N/Pexiod Amplifier met the Technical Specliflcation
requirements for the safety system settings. Duzing
operxations that callbration drifted. Tests periormed on the
Log~N/Period Amplifler indicate the cause of the drlft to be
due to lnadeguate "warmup" time once the Amplifier was re-
energized. By de-energlzing and re-energlzing the
Amplifler, the drift during warmup has bean reproduced and
recorded on the Log-N Power recorder. The drift stabllizes
after approximately 45 minutes. A complete calibration of
the Log-N/Period Amplifier was performed on December 10,

The calibration was then checked 24 hours later on December
1l and no adjustments were necessary.
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Page 2

The drifting during cprra‘ion could then be considered a
component malfunction, that {f allowed to continue could
have made the system tnrapab;e of performing its safety
function by not providing automatic shutdown at the limits
specified In the Technical Specifications. We therefore
categorize this incident as a Reportable Occurence as
Geflned by item 3 for reportabls occurences in our Technical
Specliflicat'ons, We do not consider this incident reportable
as deflined in item 1 since the safety system setting had not
changed; but rather, it was the processing of the
compensated lon chamber signal that had changed.

The Facllity's oversight committee and 1 belleve we have
established adequate countrols to ensure the problem will not
reoccur. Thoee controls are delineated in the enclosed
report. Lastly, we conclude that the problem which afzected
the period indication would not aleso occur in the safety
system channels which measure power. The controls currently
in place require that i{f maintenance is performed on one of
these channels, it {s functionally tested and its
calibration checked against the other two. In addition,
power is callbrated semi-annually via foll activation
method. These channels are then always adjusted
conservatlvely when compared to the foil resuvlts

I{ you should reqguire additonal information, please do not
hesitate Lo contact me., We thank you for your asslistance
and attention to this matter.

Sincerely,

ueo M, Bobeh,
Director

¢c Mr, T.F. Dragoun,
Region 1

/f///* /7/,%'
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REECRIPTION OF CIRCUMBTANCES

On Tuesday December 4, 1990 at 1235 a reactor start-up was
initiated for routine irradiation of student ex;exjren:s. One
experiment required an irradiation while subcritcal and the

other required an operation of 900 watts.

At 1257 a reactor scram occured with the reactor subcritical

(one control blade withdrawn and a second blade partially
withdrawn), due to an electronically erratic period meter

The Log-N/Period Amplifler was de-energized and removed fron
the control console for diagnostic testing. A vacuum tube
(designated as Vi by the G.E. supplied technical manual) w
replaced in the power supply portion of the Log-N/Period

Amplifier by the SRO. The Amplifier was then replaced in

- i
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control conscle and re-energized. At 1328, the log amplifier
portion of the Log-N/Period Amplifier (see block diagram) was
then re-calibrated on the high (100kw) end and on the low (1
watt) end, At 1340, the channel was then functionally checked
Ry placing the neutron source along side the Log~N detector and
obeerving that the meter responded and that the safety system
scram occured at a 7.% second indicated period. The technical
manual (see attached portions) for the Log-N/Period ampl '

™
.
<

states that replacement of tubes designated ag V20
b 3

2 S
oY V29 reguires readjustment of the instrumeant and
replacement of all other tubes will not effect cali
¥&:31441:r was then given to re~start the reactor k
At 1401, with all control blades withdrawn and the
plade at 10 inches, a subcritical irradiation was ! for
°ne minute. The regulating blade helght was then 1 s
bring the reaactor critical. At 1407, the neutron & -
B=-10 detector were :

e removed from the core. Th
lade height to 20 |
e |

>
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Y
raised the reg., b inches t¢ obtain ar
indlicated 50 second period. At approximately 300 watte the
operator began to stabllize power by inserting the reg blads
Power continued to increase and at 500 watte the operator
manually drove in the control blades in an effort not to exceec
the requasted 900 watts. These actions reduced the indicatec
period to greater than 100 seconds | The linear pow

l;:w‘xq the shutdown of the reactor, the safety syster
instru ication ilons
the “zu‘u’“r by the SRO and @ Facllity Director Fol .owilr
the discussion, a decision was made to calculate the actual
reactor period from the regulating blade excess react 1ty
alibration data, given the reactor critical regulating 1}
ght ¢ : 1



calculation indicated an expected period of a
seoonds.

"“"MIYo
’-'.h

cllowing that determination of reactor period, an
of the Log/Period Anplifier perforvance was started at
approximately 1600, The evaluation consisted of checking
Log=N/FPeriod Axplifier calibration according teo the
manufacturer supplied technical manual. The technical
(Bee attached portions, specifically stated thet *alib»a
the period anplifier should not be attempted unlese the
anplitier haa first been calibrated. The decision
to first calibrate the log amplifier portion ot the
wog=N/Pericd Anplifier as required because it was bel

IR o
was

- &

entire amplifier should be checked in an "as is state". The
remainder of the calibratien procedure included using a forn
to calculate th: voltage ramp required to produce a desired
periocd. The formula aleo regquires the value for a voltage
measurement obta ned frow the calibrated log amplifier. Us
this v : value obtained, and Laxc,-ut;rw the voltage ram
required & produce a 3 sscond period, the calculated voltac
ramp was taien input inteo the Log=-N/Period Amplifier. The
results were as fcllowa:

i

Expected Perjod Actual Pexjod
3 Bec, 6.5 3

8QC.

on he“*esﬁay morning, lNecember 5, a meeting

Radiation, Health, and PG‘LJxaif' Committee (RHSC)
for 13C0 and in tr interi disc
a chronological order of event
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18810Ns were held to: &
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3 sec., 5.2 sec,

In addition, the amplifier trip setpoints were also verified
at actual meter readings of 7.5 seconds for the relay scram and
5.2 seconds for the electronic. The Technical Specifications
require a relay scram for a true reactor period of 5 seconds
or and an electronic scram for a true reactor period of
3 seconds greater.

At this time, the recorder tracings from the log and linear
power strip chart recorders were used to make an estimate of
the reactor period. From the log power tracing an estimated
period of 38 seconds was obtained and from the linear power
tracing an estimate of 32 seconds was obtained.

At 1300 the RHSC convened to assess the situation. Subseguent
to the discussion on the analysis and proposed action, it was
suggested the reactor period estimate caleculation performed the
previous evening would be re-evaluated. Following the meeting,
the more accurate Inhour equation was solved for reactor pericd
using a numerical technigue. This solution was then empioyed
to calculate reactor period using the same value of reactivity
addition from the reg. blade height of 12.%" to 20", The
calculation performed in thie fashion provided an expected
period of 34 seconds. This result closely matched the results
cbtained from the strip chart traces but was still faster than
thea 20 second period sobserved by the operator. Reviaw of the
previous night's calculation showed an error using the "rule of
thumb" formula.

Actions éubmitted And Approved By The REEC December 7, 1990

A) lmrediato Log-N/Period Amplifier Corrective Actions:

1. Replace all vacuum tubes and allow a 24 hour "burn in®
period.

2. Perform an amplifier calibration according to the technical
manual, weeting all required specifications.

3. This calibration report will be given to the RHSC for review
at the next scheduled meeting.

%i Procedural Actieons:

(il Establish an @lectronic calibration procedure for the C.E.
Log=N/Period Amplifier basad on the G.E, manual.

¢. Draft and implement a Standing Order requiring this
calibration be performed on a semi~annual basis.

&) braft and implement a standing order reqguiring the operator
to verify period meter performance using doubling time.

(. Draft and implement a standing crder reguiring a complete
calibration for any maintenance performed on the G.E. Log=N
Amplitier. Replacement of vacuum tubes will require
pre-testing before installation. After re-energizing the
Amplifier, it ghall be given a minimum 1 hour "warm up" period.
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All such maintenance will be reviewed at the next scheduled
RHSC mesting.

C) Administrative hotions:

1, Provide and document additiconal training to all operators
éenphasizing reacter kinetics applicable to the WPI Reactor.
This train{ng will be reviewed by the RHEC at the next

scheduled neeting.

2. While maintaining a strict requirement for prompt
notification of the Commission for a Reportable Occurrence,
affort should be made to provide independent review of the
circunstances and analyses leading to such a conclusion.

3. The RBSC, without preclusion of NRC required changes,
approves the above actions and will review those actions
applicsble to review at the next scheduled meeting.

an

Astione Teken As Of December 7

Batween Decenber 6 and December 7, all vacuum tubes in the
Log-N/Period Amplifier were replaced. On the morning of
December 7, the Amplifier was replaced in the console and
anergized for testing and calibration., When a calibration
performed, the lLog-N/Period Amplifier exhibited “he same
behavior as during operations on Tuesday. here was the same
apparant drifting of the log portion of the amplifier. After
approximately one hour, the Log-N/Period Amplifier began
axhibit normal behavior with no apparent drift follewing
re=caiibration of the log amplifier.

was

SUMMARY AND _CONCLUSIONS

he dncident and analysis work performed on the Log-N/Period

W

Amplifier post reactor shutdown can be summarized as follows:

1) Fellowing the vacuum tube replacement in the
Log=N/Period Amplifier power supply early Tuesday
afternoon, the calibration performed on the log amplifier
pertion and subsequent functional tests of the period
spplifier scram both indicated the Log-N/Period Amplifie:
was operable.

When it was realized the system was not behaving normal
the operator took immediate action to shut down the
reactor.

Late Tuesday afternoon, a calibration check was

performed on the Log~N/Period Amplifier. A calibratior

check of the log amplifier portion indicated it had

drifted significantly from the calibration performed 2

1/2 hours earlier, directly prior to start up.

A ¢alibration check was next performed on the periocd

auplifier portion of the Log-N/Perivod Amplifier.

done without strictly following the technical

L
DEoe

Thie
manual
edure which requires calibration of the log amplifier
portion prior t£o proceedinyg. The pericd amplifier
calibration check performed

Y + )
el }

in this way would indicate it
N . Ay Py P | . - P - 4 " P e > e y P
Was out of calibration suc¢h that its safety syster




settings were less conservative than reguired by the
Technical Specifications.

A calibration check of the period amplifier portion of the
Log~K/Period Amplifier was performed again on Wednesday
morning, this time strictly following the technical manual
procedure by first calibrating the log amplifier portion
(as was the done directly prioi to start up on Tuesday) .
The results indicated the Log~N/Period Anplifier met the
Technical Specification limit for the safety systen
settings at the time of start up.

Bused on observations made when all the vacuum tubes

were replaced and subseguent cbservations made when the
Amplifier was de-energized and re-energized, the period
amplifier bahavior which caused the operator to manually
shut down the reactor was most likely due to not allowing
he Log-N/Period Amplifier adequate "warm up" time after
he vacuum tube was replaced and the Amplifier
re-energized,

Again, it must be emphasized that when the maintenance was
performed and checks made according to Facility License
requirements and manufacturers recommendations, there was
indication the unit could malfunction.

"o
N

This incident does however provide us the opportunity to

improve administrative controls on safety system related

maintenance and to provide improved eperator training

Lastly, as of November 15,1990, a new Log=N/Period Amplifie:
wae ordered from Gamma-Metrics of San Diego, California. The
unit is expected to arrive at the end of February or early
March. This unit will replace what is the last original
neutron measuring channel for the reactor. Until the new
arrives, administrative and procedural actions taken will

rovide reasonable assurance that the current unit will be
capable of performing its intended safety function.
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5. With & 3«gecond period ramp applied, adjuet R226 so that the
period meter reads 3 seconds.

Hoter The period alarm and perdod trip adjustments &re roughly
caliorated by the merke on the back punel, If an exact

calibration s required, continue with the following proe
Qedure:

6. Apply & ramp as in (4) equivalent to the period at whish an alarm

is desired. Adiust the period alarm (on beck panel) so that the
ciroult just tripe.

7. Apply @ ramp as in ({) équivalent to the period at which a trip

is desired, Adjust the period trip (on back panel) 80 that the
edroult Just trips,

b4 C ati t,

The ‘following instruments are rocommended to mccompl:sh the calibra-
tion and trouble shooting procedures:

1. Funotion Generator, Hewlett-Packard Model HF 2024,
2, Vacuum Tube Voltmeter, Hewlott-?acknrd, Model RP L10B,

3. D0 Amplifier and Electrometer, General Radio, Model 1230-4,

4.5 Iroukle Shooting
i 4:5.1 Qeneral

1 7% I the Log N and Period Amplifier does not funotion properly, the
.follovwing procedures should be followed ¢

R I I
CRLEr LRI

fmon . auks ., Chock o see that the line cord is connected to a live elrouit,
| Verify proper power sowrce regulation,

-~

¢ localize the source of trouble:

2, Check for a blown fuse, If a fuse is blown, determine the cauge
and correct any improper condition that may exlst before energlse
i0g the equipment,

3. Check the unit for faulty tubes utilizlong the Voltage Chart,
Table 4-1, to isolete probeble faulty tubes,

4. Inspect the unit for faulty parts utilizing the Voltage Chart,
Table 4«1, and the etohed-circuit board illustrations shown
in Figures 1-3 through 1-6 for parts location,

[.f ' .o ”

t‘:‘,:'_m &L_l..-‘ rrent

- % b ] 'l
+f the general troubdle shooting pro

y L .4
“edures a9 not locate the Cdrcoult
e 3 res ﬂ nat Qate tl‘l sdrol
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. POLYTECHNIC
INSTITUTI

December 13, 19%0

Mr. Thomas F. Dragoun

Division of Radiation Bafety and Safeguards
USNRC, Reglion 1

475 Allendale Road

King of Prussia, PA 19406

RE: License No., R~6]
Docket No., 50-134

Deaxr Mr. Dragoun:

Per our telephone conversation on December 12, 1990, I am
submitting the documents which relate to the letter and report
from this facility dated December 11, 1980.

As related to items B)l and B)4 of the report, am submitting

newly

newly implemented 8tanding Order 1. For item B)3,
implemented Standing Order 2 is submitted and for item C)1,
documentation of additional training is submitted.

Per the above mentioned telephone conversation we understand

pending acknowledgement for receipt of this information, NRC
authorization to resume operation is glven.

Please contact me should you reguire further information.

Thank you again for your assistance and prompt attention tc
this matter.

Sincezrely,
/ {,f“' # 24 K{;’('/‘
- -
Leo M. Bobek,
Director

cc: Mr., T.8. Micheals, PDNP
Document Control Desk




STANDING ORDER

G.E. LOG-N/PERIOD AMPLIFIER ROUTINE
AND UNSCHEDULED MAINTENANCE

Routine Maintenance

A callbration of the C.E. ch—NﬁFﬁ*iud Ampllfier
performed in accordance with the "Calibratien of
Instrument" procedurs On a seml-annual basis.

The "Log N Ca]itrario' Oata' sheet shall be completed and
forwarded to the Facility Director for review and
submittal to the RHSC at the next scheduled meeting.

IT. Unecheduled Maintenance

Any unscheduled maintenance performed on the G.E. Log
N/Period Amplifiey shall be followed QY a Calibration as
described in the above part I

Replacement vacuum tubes shall be fuw:txonaxly tested on a
vacuum tube tester prior teo installation,.
If the amplif;er i de-enerqgized for any maintenance, a
minimum 1 hour "warmup" period will be provided befozc
calibration |s performed and reactor start-up permitted.
This unscheduled maintenance shall be documented in the °
Console Maintenance Records book and forwarded to the

Faclity Director for review and submittal to the RHBC at
the next scheduled meeting.

Af L‘-'rcwe:“/:{_"__k //" 7 ,./;/

Facdility Di¥,
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Date 4R L2 Fo
STANDING ORDER 2

VERIFICATION OF PERIOD METER PERFORMANCE

The performance of the G.E. Log-N/Perlod Amplifler
period meter shall be verified by the console operator
during power ascension for each day's critical
operation.

Verlfication shall be made in accordance with the
following procedure:

Establish stable positive period between 50 and 100
seconds. (Reg Blade Stationary)

Starting at a power level less than 50 watts perform a
perliod verification using the following procedvre:

A. 8Salect elther linear power meter.

B. Without upscaling power meter multiplier,
select two power levels with the second
being exactly twice the value of the first
ex. 10% and 20%

C. Record the time it takes for the power to
change from level 1 to level 2.

D. Obtain the range of the period from Table 1,
and or Figure 1.

E. Check to see that meter period is within .
the limits as shown in Table 1 and on Figure 1.

F. Record doubling time. ‘ndicated period, upper
and lower limit, ana rey dlade height.

G, It indicated perliod does not fall within
calculated l1imits IMMEDIATELY SHUTDOWN THE
REACTOR AND INFORM THE 8RO,

Appr oveﬂ%/{y/‘g{
L.

PFacility
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SUPPLEMENTAL OPERATOR TRAINING

DATE /&% L™ S PERFORMED BY <&  SPameA’

1. Review of Event
1. Event Chronolgy
2. Event Analysis
3, Remedial Actions Taken
11, Desmcription of Standing Orders
1, 8.0.#1, Log=N/Period Amplifier Maintenance
2. 8.0.82, Verificaticn of Period Meter Performance
111. WPI Reactor Kinetics
1. Regulating Blade Integral Reactivity Worth From Critical
2. Maximum Reactivity Addition Rate
3, Period Versus Reactivity Addition
4. Equations Relating Period and Reactivity

iV, Discussion, Questions and Answers

ATTENDANCE:
-
1) KRA"‘(,'?', TAme) w.lp

2) Goveersen KRssTIAE £0
3) A‘f‘::r/\; LLlfon o

4) Jowi A MAXEA NG e = 1 .
5) SacusMNunael g - T

6)
REVIEWED BY 3 2 20 45%
Flcillty Dir

A

l




