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14-DAY REPORT OF A "REPORTABLE EVENT"
CONCERNING AN INADVERTENT MODIFICATION OF THE UVAR CONSOLE

L SUMMARY

At 6:30 PM on April 28, 1993 the Reactor Director was notified by members of his reactor
staff of the discovery of a problem with the reactor console instrumentation. The
investigation conducted later that evening by the Reactor Director, the Reactor Supervisor
and a reactor operator (RO) revealed that the reactor had been operated that afternoon at
full power for 5.5 hours with five major automatic trips required by Technical
Specifications (TS) not operable. The inoperable trips were: two power range, low flow,
primary pump off, and reactor period. However, other automatic shutdown capability
associated with in-core parameters was available, partially offsetting those not available. In
addition, the NRC licensed reactor operator at the console had all the usual alarms,
reactor instrumentation readings and manual shutdown capability available to him. The
reactor was operated in this condition because the operators had no indication that some
of the required trip functions were not available until the period trip capability happened
to be tested later that evening at reactor shutdown.

This situation developed as a result of an unintentional and inadvertent modification of the
automatic shutdown logic circuitry in the console, made by another senior reactor operator
following an automatic reactor shu‘down near mid-day.

That senior operator (SRO), v.so has been the primary person responsible for electronic
maintenance of the console nuring the past decade, interchanged what had appeared to
him to be two identical mixer driver (MD) modules in the scram logic drawer. Contrary to
his belief, these modules were not exactly alike in that they had been altered internally
prior to their installation in the console in the early 1970's, at the time of UVAR console
upgrade from tube technology. The modifications introduced into the MDs more than 20
years ago were to tie together the unused inputs inside the MDs. With the MDs in their
assigned positions the tie-offs did not affect scram logic, and thus the modifications were
not documented in the detailed schematics kept of the MDs. Since the unused inputs have
different numbers and positions in the two MDs, when the MDs were interchanged several
trip functions were tied together in parallel. Had the tie-offs not been made. the
interchange would not have compromised the trip functions.

The reactor was operated at a power level of two megawatts without incident for 5.5 hours
during the afternoon of April 28 following the exchange of the MDs. The operators that
afternoon had no way of knowing that key trip functions were unavailable, since everything
appeared normal with all visual reactor information available. Only a test of the scram

system with the reactor shutdown would have permitted knowledge of the lack of certain
trips.

A tzst of the trip system had been performed successfully that morning. as required by
standard operating procedures (SOPs). A test was not performed afte; the interchange of
the MDs because the operator, and then his direct supervisor for reacror operations,
judged (at the time) that the simple exchange of modules did not require this.
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During the period that the reactor was operated in violation of some license requirements,
no operational parameters for the reactor were exceeded, no safety limits were violated
and no damage was caused to the reactor or the conso'e. The switching of the MDs did
not damage other electronic components in the consce. Following discovery of the
problem and its cause, the console was quickly and easily returned to its original functional
condition with the return of the MDs to their initial configuration.

The UVAR is currently shutdown with all systems back in normal working order. While
operable, the reactor remains shutdown until we discuss the results of our evaluation and
implemented corrective actions with the NRC Region 11 Regional Administrator, or his

designee. in conformance with the NRC Confirmation of Action Letter of April 30, 1993

Il.  DISCOVERY OF THE CONSOLE PROBLEM

Duning shutdown of the University of Virginia Reactor (UVAR) at 5:46 PM on Thursday,
April 28, 1993, the Reactor Supervisor (who hias a Senior Reactor Operator "SRO" NRC
license) was determining the integrated reactor power for the day. As shutdown was
nearing completion with the reactor already subcritical, the Supervisor began to
demonstrate to the reactor operator at the console a technique used to "round number”
the power integration reading on the integration display.

In the power integration reading round-off process, sometimes performed following reactor
shutdown, the intermediate range channel drawer mode selector switch is taken out of
‘operate.” and the selector switch run through test positions. With the switch in the

3 sec. / 10" position and if the delta-temperature reading (from either decay heat or a test
signal) is greater than zero, then onc or two additional clicks (equal to 0.01 MW-hours

each) can be added to the integrated power meters. This has the effect of advancing the
power integrator numeral to its next whole number.

The selector switch can be advanced up to a position that causes a test of the period
scram. The Supervisor commented to the RO, as he was about to switch into the test
position for the purpose of inducing an intentional automatic shutdown, that the reactor
should trip through activation of the reactor safety system ( RSS) because the intermediate
period indication would be made to go below 3.3 seconds. In other words. the remaining
control rod should drop the remaining short distance into the core. The reactor did not
trip as expected. Instead, the remaining rod was driven into the core.
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SOURCE OF THE CONSOLE PROBLEM

In the process of investigating the failure of the UVAR to Ue tripped by the injection of a
false period trip signal, afternoon entries made in the reactor logbook were reviewed by
the RO and the Supervisor. The entries show that at mid-day on April 28, a spurious
automatic reactor shutdown (trip) occurred during the shift of the SRO most experienced
in electronics and the reactor console systems. (Please refer to Appendix A for a
discussion of spurious scrams)

UVAR logbook entries of April 28 indicate that this Senior Reactor Operator assessed and
noted in the logbook possible causes for this scram. To explain his assessment, it must be
pointed out first that there are two parallel pathways in the scram circuitry (please refer to
the copy of Fig. 3.15 Scram Logic Drawer, taken from the UVAR Design and Analysis
Handbook, an updated Safety Analysis Report for the UVAR).
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IV. INITIAL ACTIONS

Returning to the events during the early evening of April 28, after the console problem
was uncovered notifications were made by the Reactor Supervisor to the Reactor
Administrator, the Reactor Director and the SRO on duty at mid-day. These actions were
appropnate and in accordance with our procedures.

Upon receiving the report of the problem with the console electromic logic system, the
Reactor Director requested the Supervisor verify which scram channels had been
temporarnly inoperable during the afternoon. [Note: This verification did not involve
starting up the reactor, completing the part of the Dailv Checklist dealing with the test of
the scrams.] Next, the Director returned to the Reactor Facility to begin his personal
assessment, and prepare a preliminary report for the Reactor Safety Committee, the
University of Virginia administration and the NRC.

Following the request by the Reactor Director to fully identify the problem discovered, the
Reactor Supervisor switched the two mixer drivers back to their original location in the
drawer with the UVAR shutdown and proceeded to test the reactor safety system with the
help of the RO. They found that all tnps functioned properly. Thus, the problem with
the console appeared connected only with the interchange of the mixer/driver modules.
The covers to the modules were removed and it was determined by visual inspection that
the modules were wired somewhat differently, although the components were the same.
Thus it was concluded that the modules were not interchangeable, as had been believed
and suggested by the schematic in Figure 3-15. Indeed, with the modules returned to the
original position in the drawer, the portion of the reactor Daily Checklist pertaining to the
scram logic was successfully completed several times. The test failed for some of the
scrams (indicated below) with the modules in the position occupied during the afternoon
operation

Next. the UVAR was tagged out-of-service, appropriate entries were completed in the
logbook. and the processes of identifying the violations and making local notifications of a
reportable event were begun. The next day, meetings were held among University officials,
a local press release was prepared. and made, and the NRC was called within the required
24-hour notification period and sent a special report by facsimile. On its own accord, the
university decided to take the reactor out of operation until, 1) full corrective actions
satisfactory to its Reactor Safety Committee are completed and, 2) we have discussed the
results of our evaluation and implemented corrective actions with the NRC Region 11

Regional Administrator, or his designee, in conformance with the NRC Confirmation of
Action Letter.



CONSEQUENCES OF THE CHANGE TO THE SCRAM LOGIC
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VIL. SELF-IDENTIFIED VIOLATIONS

The regulations from the UVAR SOPs and TS which were violated are reproduced below.
They are quoted individually and then followed by explanatory comments.

Violations of UVAR Standard Operating Procedures (SOPs)

" 2. General Regulations

A.  The reactor and operations must at all umes meet the license requirements
and the operational limitations as set forth in License R-66."

Contrary to the above, the reactor did not meet license requirements during the 5.5
hours it operated with some TS requires automatic trips unavailable.

" 2. General Regulations

D.  No jumpers or by-passes shall be installed or removed in the control
console unless the following conditions are met:
1. No safety system is compromised
2. A record is made in the logbook
3. Specific approval is obtained from the Reacior Supervisor or Facility
Director.”

Contrary to the above, the exchange of the MD modules resulted in an inadvertent
and unintentional by-passing of protective systems. While this action was recorded
in the logbook. the by-passes were made without specific approval.

" 2. General Regulations

K The reacior shall not be operated if any instrumentation required by the
Technical Specifications is not fully operable.”

Contrary to the above, the UVAR was operated for a short period of time (5.5

hours) with certain required instrumentation (already described previously) not fully
operable.

10



Violations of UVAR Technical Specifications

1. Technical Specification 3.2, Reactor Safety System

Specification: The reactor shall not be operated unless the safety svstem channels
described iy the following 1able are operable:

Applicable Channels from Techmical Specifications Table 3.1, Safety System Channels

|-
r -r

|
Channel . Min. # Operabie Set Point } Funcuon I Mode Reqiired
| Y { | ‘
| ¢ o] ¥ ! | loss of power | scram forced convection
coolani pump | | ; ‘
| primarv coolant flow | 1 ' min. of 800 gon: | scram | forced convection |
- — -+ + '
max. of 3 MW: | scram forced convection
| reactor power level | 2 ‘ -
| . max. of 0.3 MWi i scram naiural convection
reactor period I T of 3 sec. | scram | all modes

1 b !

Contrary to the above, the automatic safety system trip settings indicated above were
madvertently disabled during 5.5 hours of reactor operation on April 28, 1993.

)

Technical Specification 3.3, Reactor Instrumentation

Specification:  The reacior shall not be operated unless the measuring channels
described in Section 3.2 "Reactor Safety Systems" and in the following
table are operable:

Applicable Channels from Technical Specifications Table 3.2, Measuring Channels

-

Channel | Min. # Operable | Mode Required

Intermediate & period | 1 | all modes

Contrary to the above, the automatic safety trips listed on the previous page in this
report (from UVAR TS Table 3.1) were inadvertently disabled during 5.5 hours of
reactor operation on April 28, 1993. Also, the measuring channel listed above (from
UVAR TS Table 3.2) was placed into test position (one which should have caused a
scram ) while the reactor was being shutdown and was subcritical but did not meet
the definition of shutdown in that all three shim rods were not fully inserted.

11



Technical Specification 4.5, Maintenance

Specification: Following maintenance or madification of a control or safety svstem
component, it shall be verified that the svsiem is operable before it is
returned to service or during its initial operation.

Contrary to the above, an action which was not considered to be mantenance or a
modification, at the time it was done, did in fact inadvertently modify a component
of the safety system. The operation of the system was not verified to check its
operability before being returned to service because it was not believed that a
modification had taken place.

Technical Specification 6.3, Operating Procedures

Specification: Written procedures, reviewed and approved by the Reactor Safety
Committee, shall be in effect and followed for the uems listed below.
These procedures shall be adequate to ensure the safe operation of the
reactor, but should not preclude the use of independent judgment and
action should the situation require such.

(the two applicable sections are:)

(3) actions 10 be taken to correct specific and unforeseen potential
malfunctions of svstems or components, including responses to
alarms, suspected primary coolant system leaks, abnormal reactivity
changes

(5) preventative and corrective maintenance operations that could have
an effect on reactor safety.

Contrary to the above, no specific procedures existed for trouble-shooting problems
with the reactor instrumentation as may be interpreted to be required by the wording
in (3) above. Nor is there a Technical Specification definition for, or a good
understanding of, of all the actions that might be considered to be maintenance.
Therefore, for some actions such as the switching of the modules in the scram logic
drawer there were no specific or general procedures.

12



VI, ACTIONS REQUIRED BY UVAR TECHNICAL SPECIFICATIONS
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IX. SAFETY SIGNIFICANCE

For a 5.5 hour period, important automatic trips required by the reactor license were not
available during the afternoon of Apni 28, 1993. The fact that certain scram functions
were not available couid only have been determined had an operational check of the
scrams been performed pnior to the afternoon restart of the reactor. This operational
check was not performed because it was not recognized that the interchange of the
modules constituted maintenance, requiring operability checks. Scram unavailability can t
be determined during reactor operation.

The reactor is normally operated four days per week for about 10 hours per day. Thus,
the longest period the reactor could have been operated in this mode was about 10 hours.
The Daily Checklist i1s always done before start of reactor operation each morning and
would have determined the problem with the scram drawer logic. Had the modules been
interchanged at the end or at the beginning of the workday, the problem would have been
discovered with the Daily Checklist prior to reactor operation.

Reactor operation was normal that afternoon. The strip-chart recorders indicate both
smooth N-16 and reactor neutron flux level traces. The values recorded on the Hourly
Console Data Sheet for that afternoon were all within normal operational parameters. No
out-of-the ordinary conditions were noted in the reactor logbook until the discovery of the
problem as shutdown was being completed.

Considerations are presented below showing that if the reactor had been challenged by
equipment degradation or failure, with a very high likelihood automatic trips associated
with in-core experimental facilities and/or a reactor operator manual trip would have kept
the reactor from exceeding safety limits. The automatic scrams associated with in-core
experimental facilities were checked that morning and were not have been affected by the
interchange of the MDs because they were on terminals that were symmetrically located.

Reference i1s made to Table A (on the following pages), where the UVAR operational
indicators which were available to the reactor operators that afternoon are listed. It is
observed that functional alarms and automatic trips associated with in-core experimental
irradiation facilities were available that roughly compensated for the lack of some license
required automatic trips. These are the core differential temperature ("delta-T") visual and
audible alarms, the core gamma-level monitor visual and audible alarms, the reactor bridge
radiation level audible and visual alarms and automatic trip, the mineral irradiation facility
visual alarm and automatic trip, the four Hot-thimble Facility visual and audible alarms,
the primary pump-switch-on/header-down light and automatic trip, the (3) manual trips,
and the automatic control (servo deviation) visual and audible alarms associated with the
regulating rod. In addition to the audible and/or visual alarms, the operator had reactor
power indicators in clear line of sight, of which the most important are also presented in
Table A. The rows shaded in Table A highlight the systems that offered important alarms
or scrams which compensated for the unavailable scrams.

The safety action required in all cases for all scenarios is the dropping of control rods into
the reactor core due to an automatic or manual scram. The safety function is

14
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A

Loss of Off-site Electrical Power

The loss of electrical power to the Reactor Facility 1s the most likely challenge to the reactor.
Although likely, it is handled routinely by the fail-safe design of the safety system. This system
fulfills its purpose quite simply with the insertion of the control rods which fall when the
electromagnets are de-energized.

B.

Reactor Period (startup and power operation)

There is no mechanism for a large insertion of positive reactivity other than deliberate,
malicious action by the operator or a total failure of the control rod drives such that they
withdraw without operator action (very highly-improbable). The falling away of all seven
experiments with some small negative reactivity worth from the core could have added +1.1%
delta-k’k. The falling of even one experiment would be highly unlikely. As explained in the
subsequent section, reactor overpower would have resulted in either automatic or manual
shutdown, assuming no malicious intent on the part of the reactor operator.

Reactor Initia erating Below 2 MW

The reactor was started up once following the interchange of the MDs. During startup,
the reactor operator had (and was attentive to) reactor period indication at all times.
Procedures require that the reactor operator maintain the reactor period at greater than
100 seconds during the initial phase of the startup. The period is maintzined at this
rather conservative level due to the natural unavailability of period protection during the
imtial phase. The period protection circuity is on the intermediate range channel which
does not detect a rising neutron flux until the flux level has increased several orders of
magnitude. During the second phase of startup, once the intermediate range is on-scale,
a 30 second period limitation is procedurally enforced. The margin from the 30 second
administrative limitation to the scram setpoint of 3.5 seconds (not available) is
substantial. A trip signal would have been processed only had an operator intentionally
withdrawn the rods at a sufficiently-high rate to produce a reactor period of less than 3.5
seconds. Given the attention paid to the period indication by the operator on startup,
the lack of period protection for the latter phase was not significant due (o high
improbability of a positive reactivity insertion great enough to cause a three second
period. Consequences from the reactor going over-pewer would have been prevented by
the renaining automatic and manual trips available.

If one postulates a positive period resulting from erroneous operator action (too rapid
withdrawal of control rod) or from a negative reactivity-worth experiment falling away
from the core, the power would rise at a rate depending on the magnitude of the
reactivity insertion. With low-magnitude positive reactivity insertion, reactor power
would nise until the delta-T, core gamma and/or the hot-*!umble facility temperature
alarms are obtained. The delta-T temperature <iiy needs to rise by a few tenths of a
degree, the core gamma monitor rise by less than 20% of its 2 MW value and the hot-
thimble temperatures rise by about 5°C to produce audible and visual alarms. The
operator would thus know that the reactor power level was going up and would then
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manually trip the reactor. In the likelv situation that the reactor is level at 2 MW full
power under servo control, the operator would be made aware of the reactivity change
by the automatic (servo) control mechanism tripping out at = 7% dewiation, resulting in
an audible and visual alarm.

Reactor Imiti at t 2 MW

Protection from reactivity insertion with the reactor at 2 MW is discussed under the high
power scenario heading.

T, Complete Loss of Primary Coolant Flow

Loss of primary reactor coolant flow is a possibiiity that needs to be considered, however, its
occurrence is not very likely. This is borne out by the experience of some 33-years of reactor
operation. In this ume there has never been a i0ss of coolant flow to levels below the scram
set p. it

I uss o1 flow through the core can occur three ways, either by the pump ceasing to work with
tue pui ¢p motor still functional, the pump motor ceasing to work (causing the impeller to stop
turning) or the flow header falling away from its normal position beneath the reactor gridplate
while the pump is on. [Note: The "header” is a funnel-like structure connecting the bottom of
the reactor core with the primary coolant pipe. It must be movable to permit reactor cooling
by natural convection. In aatural convection mode, it is in the down position. It is held in the
up position by the difference in pressure generated through the down-flow of coolant.]

First, assume total pump failure through the loss of the coupling between the impeller and the
motor. This would cause the header to fall with the pump still energized, resulting in an
automatic shutdown from the header-down/pump-on scram.

In the second case, assume that the motor fails, which would stop the pump. If the electrical
breaker on the motor trips before the header falls from the loss of flow, the header-
down/pump-on scram would not be initiated. However, when the header falls with the reactor
operating at two megawatts there would be an immediate trip out of automatic control due to
the insertion of negative reactivity resulting from the increase in the average in-core
temperature. The trip out of automatic regulating rod control leads to visual and audible
alarms at the console which would alert the operator tc the unusual situation. Also, the
reactor power level would immediately decrease in response to the negative reactivity insertion.
In fact, the reactor power level would have to drop to below 200 kW because the core
differential temperature at 200 kW in natural convection mode is greater than the delta-T in
forced convection mode at 2 MW The aggregate rods positions in the full-power mode are
therefore lower than in the natural convection mode.

In the third case, with the header falling and the pump remairing on, the reactor trips from

the header-down/pump-on scram. This is the situation that this particular scram was designed
to handle.
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18 Y.V‘:"(( SCrams associated with 1

ortant to the guahtative apalvsis being made here. The scrams are the cooling
low-temperature ard the lead-shield temperature as sensed with thermocouples
-

the reactor whenever their temperature setpoints are exceeded (see Table A)

w temperature setpoint 1s 160°F and the lead shield setpoint is 155°F

hield temperature response is known to be rapid and fairly linear with
heating 1s due to gamma and neutron interaction). On April 28 with the
reactor power at 2 MW, the shield temperature was at about 130°F and the pool
temperature at 80°F. Thus, the 155°F MIF lead shield setpoint corresponded to (155
80)/(130-80) X 2 MW or about 3 MW. The power level scrams (not available)
2.5 MW. The %.IF scrams were checked for operability during the Daily Checklist
on the morning of April 28, and remained functional after the exchange of
Assuming that the operator was inattentive and that the reactor
increased sigmificantly above 2 MW, an automatic trip would have occurred at
(the LSSS), well within the safety limit (defined as a curve based on a

of coolant flow and reactor power)

an ntentional operator insertion of

b
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YOWET Increase scenario not have time to actuate, the reactor bridge
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therefore susceptible to vibration. On occasi hey drop and

actor when personnel walk onto the reactor bridge
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t0 aimost overtiowing, a 2.5 inch npple would accomplish this. Normally, the

fill 1s somewhat lower than the point of overflow, so as little as a 0.5 inch ripple
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F. Key Switch

The reactor should be automatically tripped in the event that removal of the console key is
attempted (extremely unlikely attempt). It is difficult to conceive of a situation where the
operator would want to attempt to shut down the reactor by removal of the key. Upon trying
this without success (this would have been the case on the afternoon of April 28), the sensible
operator would manually trip the reactor. The key switch scram is not required by Technical
Specifications.

G. Range Switch

The purpose of the range switch is to prevent the reactor from being operated above 0.2 MW
with the primary pump off. The switch changes the high power scram settings from 0.25 MW
to 2.5 MW when 1t is thrown. To operate the reactor above 0.2 MW without the pump o2 the
operator would have had to ignore the header position indication light (vellow for down, green
for up) and the lack of a pump power indicator light (green), both clearly visible at the
console. With natural convection upflow, the core gamma monitor located seven feet above
the core would detect thermally rising N-16 and eventually alarm. The automatic trip would

be initiated by the reactor bridge radiation level, if the operator had not manually tripped the
reactor by then.

It 1s noted that the UVAR is almost never operated in natural convection mode. It is
operated at full power just under 2 MW almost all of the time. To possibly get the reactor to
a condition where safety limits would have been violated, the primary pump would bave had to
have been turned off before the afternoon startup was attempted, and the operator would have
had to fail to notice the pump-off condition in addition to the header-down indication. No
natural convection operation was scheduled for April 28, 1993.



X. CORRECTIVE ACTIONS

The discovery of the non-availability of some scrams on the evening of April 28, 1993 came as
a big shock to everyvone on the reactor staff. Never before, in the recollection of the Reactor
Administrator, was even a single scram found to be inoperable when a Daily Checklist was
conducted. Recognizing the significance of the event, the reactor was shutdown for an
indeterminate period by the Reactor Director. The University, the community and the NRC
were all rapidly notified during the ensuing 24-hours.

The TRTR National Chairman was contacted at the licensee’s initiative to request the
appointment of an official TRTR inspection team to visit the Reactor Facility at the earliest
convemient date. The visit has been set for May 17 and 18, 1993, and the group is composed
of Dr. William G. Vernetson, Chair of TRTR and Director of Nuclear Facilities, U. of Florida,
Mr. Wade J. Richards, Director Nuclear Operations, McClellan USAF Base, California, and
Mr. Tawfik Raby. Chief, Reactor Operations and Engineering, NIST, Washington, D.C.

An immediate examination of the root causes for the event was begun. The hardware
explanations were quickly found, and then the implications carefully analyzed. In parallel to
researching the console schematics, the SOPs were analyzed by the reactor staff for weaknesses
and improvements to existing procedures were developed. In addition to hardware and
procedural fixes. which are taking the initial thrust, management will consider the
administrative corrective actions that may be required. Administrative actions for serious
events may be of interest to the NRC and may be discussed verbally during future meetings,
but are internal actions and therefore will not be addressed in this written report.

The Reactor Safety Committee met to discuss the incident within 48 hours, and numerous
times thereafter in the following two weeks. By the third meeting, Dr. George T. Gillies had
been appointed to the ReSC by the President of the University. Dr. Gillies has a background

in electronics. Since the incident and up to the time of the sending of this report, the ReSC
had met four times.

The following procedural improvements have been made:
. Following every unplanned scram the reactor safety systems will be checked. A new

checklist. called the Safety Systems Checklist, has been developed for this purpose.
Several SOPs have been modified to take into account the use of this new checklist.

3

The SOPs will now contain definitions for "maintenance," and "trouble-shooting.” Thus,
tuere will be no doubt in the minds of reactor operators what activities require checks of
operability. Additional procedures for mamtenance will be developed as needed.

3. The restart authorization following a scram will require the agreement of an SRO not at

the console (i.e. otherwise uninvolved in the immediate operation of the reactor) and a
Reactor Supervisor or his designee.
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Appendix A
Spurious Reactor Trips and their Significance
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UVAR SCRAM STATISTICS

-

# of Scrams { Comments ‘

Period Operating Hrs | MW Hours |
| 110292 - 110692 | 36.0 643 4 2 with no annunciator |
| 1109-92 - 11.13-92 285 52 | 0 ; |
| 11-16-92 - 11-20-92 T 175 309 j 5 14 with no annunciator ]
nze.uze | 20 | 03 | o 7
120192 - 120692 | 0.0 [ o0 : 0 J
o1 | 13.0 TR 0 j ].
; 12-14-92 - 12-18-92 587 T 1097 L 3 1 ;
| 122192 - 12.25.92 | 425 783 T 3 |
1-04.93 . 1.08.93 7_ 334 586 ; 2 |
1-11-93 - 1-15.93 L 428 %S | 0 Ti
1-18-93 . 1.22.93 343 610 0 : |
| 1-25.93 - 1-29-93 | 319 | 593 2 1' :
| 20193 . 205.93 | 297 531 5 0 | |
2-08.93 - 2-12-93 T ua 797 1 0 T |
2-15-93 - 2-19-93 369 615 | 2 ‘ |
2-22-93 . 2-26-93 370 67.1 6 ?1 with no annunciator |
3.01-93 - 305-93 | 426 816 | 0 I 7‘
30893 - 3.12.93 ﬁ 281 a7 | 0 ;T
3-15-93 . 3.19-93 1 234 436 J 0 | |
| 322933269 | = lr o |
| 3.29.93 - 4.2.93 | 410 T ‘f 1 :
4.05.93 - 4.09.93 T 409 78.4 I 1 % 1:
4-12-93 - 4.16.93 U5 171 | 6 ] S with no annunciator
4-19:93 - 4-23.93 1 s 513 I 0 T |
4-26-93 - 4.2R.93 L 210 | 374 ! 1 : 1 with no annunciator ]
30
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Appendix B
Mixer Drivers: Hardware Considerations

The mixer drivers are very simple, discrete device modules that have not been manufactured
since the 1970°s. It is impossible to buy spares but once a fault is identified they are readily
repaired. A mixer driver is a 28 input OR gate using negative logic where zero volts represents
a logical 1 while ten volts represents a logical zero. Thus for a logical zero (+10 V) to be
present at the output, all 28 inputs must also be at a logical zero (+10 V). The Mixer drivers
use discrete components for doing this as shown in the attached diagram.

When a not-scrammed condition is present, Q1 (a PNP transistor) is cut off by having its
emitters tied to 8.2 volts by the zener diode VR1 while its base is at 10 V defined by the input
to any one of the 28 diodes. Note that even when a safe signal is present, at least one input
must be able to sink a small amount of current to cause a 15 V drop across R1. With QI cut
off. no current i= supplied to the base of Q2 and it is also cut off causing the output (pin 36)
to be held at +10 V by the zener diode VR2. The filter on the output of the module prevents
test pulses from being propagated to the Solid State Relays.

When any of the 28 inputs is brought to ground and can sink sufficient current to drop the
base of Q1 sufficiently below the 8.2 V at its emitter (typically 0.8 volts below emitter or 7.4 V
to ground), Q1 will conduct, passing current to the base of Q2 which will then also conduct.
When Q2 conducts, it shorts out VR2 to ground causing the output to go to ground. The sink
requirements for both safe and unsafe conditions are on the system as a whole. Once one
input draws the necessary current to set the bias on Q1. the other inputs need not draw
additional current.

The unused inputs are all tied together and then normally tied to the Range Switch Scram.
All of these jumpers are within the black box of the mixer driver. Since the unused inputs are
different between the two sides, when the mixer drivers were reversed several scrams were tied
together in parallel. Thus, in order to get a scram under that conditions several scrams would
have to come in at the same time. One of the scrams that would have to be initiated along
with several others was the Key Switch Scram.

After studying the circuit diagram for the mixer drivers, no compelling reason for the original
disabliag of unused inputs can be inferred. The circuit has such a low input impedance that it
requires about two milliamps of sink current to cause a scram. Thus if any inputs are not
connected, no current can flow through them so that a scram will neither be inhibited nor
disabled. Dr. Thomas Doyle (BSEE) of the Reactor Staff concurs with this assessment.

Why were the unused inputs shorted when originally installed? The technical manual on the
mixer drivers make no mention about what is 1o be done with unused inputs. The
CAVALIER operated successfully for years with unused inputs left open. The staff tested the
CAVALIER mixer drivers with open unused inputs on the UVAR on April 29, 1993 (UVAR
shutdown) and found them to work fine, i.e, the portion of the Daily Checklist dealing with
scrams was completed successfully. The original mixer drivers were reinstalled following the
test of the CAVALIER mixer drivers.
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DEPARTMENT OF NUCLEAR ENGINEERING AND ENGINEERING PHYSICS
SCHOOL OF ENGINEERING AND APPLIED SCIENCE
UNIVERSITY OF VIRGINIA
Phone: 924-7136

MEMORANDUM February 12, 1982
TO: Reactor Safety Committee Via B.L. Shriver
FROM: B. Hosticka BB’

SUBJECT: Scram Logic System and Annuniciator Panel

1 would like permission to re-arrange the inputs to the scram logic
drawer so that each scram input is separate and is fed to both mixer drivers.
This will involve eliminating the auxiliary scram bus and splitting dual
scrams such as pool level #1 and low flow. The console manual scram will
remain undisturbed and continue to be on the output of the system.

In conjuction with the above modification I will install a new
scram annuniciator system that has a separate placard light for each scram
input. The scram input that actually caused the scram (i.e. the first
scram received) would be indicated by a flashing light, all subsequent ones
would light up solid.

Previous discussions of the staff have brought up the desirability
of 2 "punp on header down™ scram that would eliminate the possibility of
operating the reactor with this conflicting flow configuration. IF such
a scram is desired, this would be 2 convenient time to install it.

Drawings of the old scram system, the proposed scram system and the
annunciator system including technical details are attached.

This modification does not require a change in technical specifications
nor does it involve an unreviewed safety question.

Attachment to Appendix B
page 2 of 8
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Scram inputs to mixer drivers

Switch developed scrams:
Pool level #1
Truck Door
Escape Hatch
Manual in Rx Room
Manual on ground floor
Pump On
Range switch

Relay developed scrams:
Evacuation
Key switch
Air to Header
Pool temperature
Face radiation
Bridge radiation
Pump Off
Pool level #2
Low flow
(pump on - header down)

Bistable developed scranms:
Power range #1
Power range #2
Intermediate period

Note: This page was retyped from the original for the purpose
of producing a more legible copy in the 14-day reportable
occurrence event report.

Attachment to Appendix B
page 4 of 8
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FIGUPE I11-16 AUXILIARY SCRAM SYSTLHM

/
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SWITCH sSWITCH e -
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Reactor Safcty Committec

Page 2

March &, 1982

Page 10 add statement as follows

Pape

Page
Page

0

The excess react1v-'j will vary somewhat depending on the

Vit

core configuration. The limiting factor is the specification on the
shutdown margin.
3 1P under start-up count rate - function
change two shim rods to three shim rods.
under air pressure to header
add setpoint of S
correct typographical errors
change approximately 100°C to
the boilinp point of water

M
D
o

The proposed change to the scram logic system and annunciator panel was
reviewed by the committee. It was decided that the signals going into the
scram logic system should remain unchanged. The committee approved the
new annuniciator system and the addition of a pump on - header down scram.

The committee reviewed the proposed changes to UVAR SOP, Section 11, abnormal
procedures and approved with the following changes:

Introduction: add following sentence after first paragraph. M'-s

1f an abncrmallgondlgﬂiﬁ accgsé_a Senior Operater shall be pcoooni
€

evaluate the poss reportable occurrences
Add: Section m) Pool Temperature
Page 11-7 - 1.0 change to read as follows:
With the reactor operating at power, the indication(s) on the power
range channel(s) is reading five % (100 kw) below the power level as indicated
by the differential temperature across the core.
b. add following sentence:
If instrument is not required notify Senior Reactor Operator.
¢. change last sentence to read:
There must be two people at the bridge to adjust wells and the adjustment
shall be supervised by a Senior Reactor Operator.
Page 11-9 - b.,1 change as follows:

If the unexplained reactivity change results in a stable period of 30
seconds or less the reactor shall be shutdown. If any reactor safety system
exceeds its scram setpoint and the reactor does not scram, the operator
shall scram the reactor manually.

add page 11-14 Section m:
A. Pool Temperature
The reactor pool temperature cthould rise approximately 10°F per
hour when the reactor is first brought to power but the rate should
decrease as time passes.
a) Symgtcms - ]
1. Pool temperature continues to rise after system has stabilized.

Attachment to Appendix B
page 8 of B



Appendix C
Scram Logic

A review of the scram-logic drawer drawing that has been kept up to date vields the following
observations. It is assumed that during the original installation of this drawer in circa 1971 all
of the unused inputs of the 28 input mixer driver were bypassed by shorting out the input
diodes within the Mxer-Driver-B modules. There were only a few inputs used at that time as
histed below.

ORIGINAL ;
Mixer Driver Input Function J
'MD1-27 'Low Flow & Pool Level #1 |
MD1-28 Intermediate Period
MD1-29 ' Range Switch
MD1-30 - Auxiliary Scrams
‘MD1-31 Power Range #1
MD2-8  Pump Off & Pool Level #2
MD2-9 Intermediate Period ’
MD2-10 'Range Switch
MD2-11 Auxiliary Scrams
MD2-12 Power Range #2

When comparing this list with the list of disabled scrams, there is a striking similarity. (Note:
The key switch now occupies the location of the old Auxiliary Scram and the pool levels now
have independent inputs.)

In 1982, when the Auxiliary Scram bus was divided into its component scrams and the pool
levels were separated from their shared locations to facilitate the installation of individual
scram annunciators, the new scrams were given identical locations on both mixer drivers as
tabulated below, while the old scrams retained their original positions.
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1982 MODIFICATION

Manual G

Pool Level #2
Pool Level #1
Manual Reactor Ro
Air To Header
Pump ON

Bridge Radiation
Face Radiation
I'ruck Door
Escape Hatch
Pump On Heade:

Evacuation/Fire

! OW f ;\‘\N
Intermediate P
Range Switch
Key Switch
Power Range #1

Pump Off
Intermediate
Range Switch
Kev Switch

Power Range

I'he up-t
dules and the
been disabled

+h . $ vay
i€ Mixer drivers
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SRO B.H. schemed out the modification of 1982. he saw no
th chanpels. His notes from the 1982 modification
of the asymmetry in the mixer drivers but
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he did not have a recollection of his




Appendix D
UVAR Scrams and Alarms
Complete List Of UVAR SCRAMS
The first logic scram is indicated by flashing light, subsequent ones by solid light. All scrams

are accompamed by Scram Alarm both visual (on the Combined Alarm Panel) and constant
audible tone. Manual Scram on Console is mechanical switch downstream of Scram Logic.

1. Power Range #1 ... .......... (250 kW or 2.5 MW, UIC)
2. PowerRange #2 .. ......0i%55 250 kW or 2.5 MW, UIC)
3. Poollemd#1 . ... ... ... :04. (19°3", mechanical switch)
4. PoolLevel #2 .. ... .. .. ... (19'3", electrical conductivity switch)
S. Primary PumpOff .. .......... (transition, senses voltage to motor)
6. Primary PumpOn ..... .. . ... (transition, pump "ON" swiich)
7. Bnidge Radiation ...... ...... (30 mR/hr, ion chamber above pool)
8. Face Radiation ........... . (2 mR/hr, ion chamber at ground floer)
9. Range Switch . . .... .. ... .. (2 MW mode with flow header down)
10. Pump On, Header Down . . .. . . (primary pump on with flow header down)
11. Airto Header .. ...... ....... ( >2 psi air to floats that raise flow header)
12. Truck DoorOpen ............ (confinement is lost, mechanical switch)
13. Escape Hatch Open .. ... ...... (mechanical switch)

13a. Mineral Irradiation Scram . . . (high gamma shield temperature or low stone bed

.................. cooling gas flow)

14. Manual by Room Door ... ... .. (mechanical switch)
15. Manual by Back Door . .. .. ... (mechanical switch)

15a. Neutron Beam Port Scram . . (entrance into block house with beam port drained)
16. Evacuation Alarm .. ... ... . .. (four mechanical switches and alarms)

16a. Fire Alarm ... ... . ... .. . (five pull boxes and six heat sensors)
17. Pool Temperature ... ......... (105°, RTD sensor)
18. Intermediate Penod . . .. ... .. .. (3.5 sec, CIC)
ERL K TR i o s s K kg (960 gpm, differential pressure across orifice)
2. KeySemoh ... ..ccoouvsrsnss {mechanical switch)
21. Manual Scram on Console . ... .. (hard contact mechanical switch)

UVAR Interlocks

Shim Safety Rod Withdrawal prevented unless:
1) Source Counts indication greater than - CPS
2) Instruments NOT in test
a. Power Range #1 and #2
b.  Intermediate Range
¢.  Source Range
d. Pool Temperature
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L'VAR Alarms

Alarms have a red lamp to indicate current status and a vellow lamp that locks on until cleared
by operator. Scram alarm has continuous tone silenced by operator. Other alarms have
intermittent tone silenced by the operator or automatically after two minutes.

1. Scram Alarm . .......... . (any scram)
2. Servo Rod Congrol Lost .. . . ... . (any reason to loose automatic rod control)
3. Area or Argon Monitor high Level (particular instrument has red light)
4. Core Gamma High Radiation . . . . (gamma ion chamber 10 ft. above core)
5. Constant Air Monitor . ........ (particulates in reactor room from fission gasses)
6. Heat Exchanger Room Door . ... (entrance to high radiation area)
7. Demin. Room Door . ... ... .. . {(entrance to high radiation area)
8. Core Differential Temperature High(over power)
9. Demin. Conductivity High . ... .. ( > 2 micro siemens, demin. sending bad water)
10. Secondary Pump OFF .. ... .. .. (any time secondary pump is off)
11. Hot-Thimble Temperature ... ... (any temperature either high or low)
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