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Introduction

As 1990 began, the eactor facility steff continued the process of testing and
preparing the nex microprocessor-based instrumentation and control console f
installation. After Nuclear Regulatory Commission (NRC) approval of the

instal lation through Amendment 19 to the facility operating |icense (Attachment
E), the reactor staff and engineers from General Atomics installed the new
control console, control rod drives, and related processing electronics during
an extended maintenance shutdown period of October-December 1990. Significant
post-installation testing and calibration wos performed to verify the validity
of the original safety analysiw (Attachment A) and the reactor was declared
fully operational in December 1990

r

The B-ring fuel element that developed a bulge in the cladding during 1989 was
placed in a sesled storage container and an amendment to the facility operating
|icense (Attachment F) was obtsined to «!iminate yearly measurements of that
element. After & survey of numerous other TRIGA reactors to determine the extent
of cladding degradition experiences associated with pulsing, the Reactor
Facility Director authorized a return of the pulse size limit from $1.50 t«¢
$2.00 with further increases expected following additional study

The Reactor Facility was inspected by the Defense Nuclear Agency Insrector
General from 25 to 27 September 1990, The inspection found that the AFRRI TRIGA
Reactor Facility was satisfactory in organization, operations, material
hand!ing, and safeguards ihere were no reportable deficiencies found in the
maintenance records, operational log books, or training records During the
inspection, seven minor deficiencies vwere documented None of the cited
deficiencies were considered significant and, neither singly nor in aggregate,
impasired the performance or degraded the safety of the TRIGA nuclear reactor
operations. The Reactor Facilivy was also inspected by NRC personnel from Region

[ 20-22 February and 28-30 November . No violations were identified during either
inspection

Changes were made to the procedures and fac'lities during 1980, These changes
were supported by an extensive safety review process in accordance with the

provisions of 10 CFR 50.69. The changes will be discussed fully in sections I
and V

Three trainees were added to the reactor staff during 1990 and four former
trainees obtained Senior Reactor Operator |icenses. Five Senior Reactor
Uperators departed during the year. Requests from non-AFRRI investigators
continued to supplement the substantial inhouse experimental work |oad These
exper imenters included representatives from the National Institutes of Mealth
(NIH) , Smithsonian Institution, Federal Buresu of Investigation (FBI), Nationa
Institute of Standards and Technology (NIST), Nave! Medical Research Institute
(NMRI), and the University of Maryland at Baltimore. The reactor staff was also
tasked with providing personnel to assist in conducting inspections of the Fast

Burst Reactor facilities at Aberdeen Proving Grounds, Maryland and White Sands
Missile Range, New Mexico

Two Licensee Event Reports were submitted during the yesr and these are
discussed in Section IV

A revision of the Reactor Physical Security Plan (Attachment C) was approved by

2




the NRC to coincide with the installation of an upgraded physical security alarm
system, This new system exceeds the capabilities of the former system and allows
the resctor staff increased flexibility in monitering and access control.

A major revision of the Safety Analysis Report was completed, approved by the
Reactor and Radiation Facility Safety Committee (RRFSC), and submitted to the
NRC in April 1990. The facility changes are discussed in Attachment G-3.

A revised Reactor Emergency Plan was approved by the NRC on 27 September 1990
incorporating the implementation guides into a flowchart format covering both
radiological and hazardous materials (HAZMAT) scenarios.

The remainder of this report is written in a format to include notification
items required by the AFRRI TRICA Reactor Technical Specifications. Items not
specifically required but of general informationa! value are presented in the
General Information section, Each section following the general information
corresponds to the required secion as |isted in Section 6.6.1.b of the AFRRI
TRIGA Reactor Technical Specifications.
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Genera! Information:

All personne! |isted held their positions as |isted throughout the entire year
unless otherwise specified.

1. Current key AFRRI personnel (as of 31 December 1990) are as follows:
Director - Col George W. Irving, III, USAF; BSC.
Scientific Director - Mr. John E. Ainsworth
Chairman, Radiation Sources Department - Capt. C. B. Galley
Chairman, Safecy and Health Department - Mr. Douglas Ashby
2. Current key Reacter Operations Personnel:
Reactor Facility Director -~ Mr. Mark Moore (SR0)
Reactor Uperations Supervisor - Mr, Thomas Wright (SR0O effective 30 March)
Training Coordinator - 1st Lt Matthew Forsbacka (SRO effective 30 March)
Maintenance/Procurement - Mr. Robert Gaorge (SR0O effective 30 March)
Administration - MSG Harry Spence (SRO effective 30 March)
3. Senior Reactor Operator Candidates:
Mr. John Nguyen (effective 12 February)
CPT Christopher Owers (effective 2 March)
SFC Michae! Lauahery (effective 23 March)
4. Departures during LY 1990:
oFC Philip Cartwrigne (SRO iicense terminated 23 February)
Ms. Wendy Ting (SRO |icense terminated 23 April)
SFC Wayne Reed (SRO |icense terminated 26 June)
MAJ Jemes Felty (SRO |icense terminated 5 September)
SFC Stephen Holmes (SRQ |icense terminated 29 November)
5. There were several changes to the RRFSC during the 1990 calendar year. Mr.
James Caldwel |, who had been serving on a provisional appointment as the Special
Observer from Montgomery County, was made a permanent Observer on 27 March. Mr.
Ron Luerson replaced the retiring Jason Store as a regular member effective with
the September meeting. Also, Mr. John Misner resigned as a Special Member
following compietion of his special project on 28 March.

The 1990 RIFSC consisted of the following membership to satisfy the Reactor
Technical Specifications (as of 31 December):

Chairman ~ Col, Nicholas Manderfield



Regular Members:

Mr. Mark Moore (Reactor Facility Dirsctor, AFRRI)
Mr. Douglas Ashby (Chairman, Safety and Mealth Department AFRRI)
Dr. Marcus Voth (Director, Breazeale Reactor and Professor of Nuclear
Engineering, Pennsylvania State University)
Mr. Ron Luerson (Safety Directorate, Naval Research Labs)
Special Member:
Copt. C.B. Galley, CHP (Chairman, Radiation Sources Dept., AFRRI)
Obse-ver:
Mr. James Taldwell (EPA, Montgomery County, MD)
Meetings of the RRFSC were held:
27 March 1990
24 July 1990 (Subcommittee)
11 September 1990

11 December 1990
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Section 1

Changes to the facility design, performance characteristics, operat ng
procedures, and results from surveillance testing are contained in this
section

l A. DESIGN CHANGES
1 As previously discussed in the Introduction section, a new reactor

contro!l console, corntrol rod drives, and associated electronics were
installed during the year as was an upgraded security alarm and access

systam
2 A pool water level monitor and readout meter were installed to allow

daily measurements of pool water losses. These items are not connected tc
any reactor systems and have no affect on reactor operations. ’‘Attachment

1)
3. The primary and secondary air particulate monitors (CAMs) were modified
so that alarm of either CAM will now provide various alarm indications that
previously were asscciated with only the primary CAM, Alarm of either CAM

> will a!so now result in closure of the reactor room air dampers. (Attachment
G-2)

4 An aluminum plate was installed on the floor of Exposure Room §1 near
the core projection to minimize damage to the wooden floor from the wheels
on various experimental tables. (Attachment (-4)

5. The voltage reculator that previously provided stable current to the old
control console was ~eplaced by a larger uninterruptible power supply (UPS

necessary for the new microprocessor-based control circuitry. Also, an UPS
was added to the reactor stack gas monitor to ensure continuous air
monitoring even in the event of a power outage., (Attachment G-5)
6. Much of the wood (Douglas Fir) on one wall in Exposure Room §1 was
replaced to repair damage caused by the effec of age, heat, and radiatic
All wood removed was radiologically monitored d disposed of &s radiocactive
waste if required. The design of the exposure room did not change since the
wood was replaced with identical materials,

B. PERFORMANCE CHARACTERISTICS:
There were no changes in the performance cha teristics of the reactor

during the calender year

C. ADMINISTRATIVE PROCEDURES:

Two new Reactor Administrative Procedures were approved ar mp | emented
during the year.
Administra.ive Procedure II sets forth the Fitness for Duty program for the
AFRRI reactor staff

# Administrative Prccedure III clarifies restrictions on personnel passage
through the exposure room preparation area to minimize radiation exposure t
individuals not directly involved in reactor operations

6
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OPERATING PRUCEDURES

Numerous changes were made to the operating procedures to improve clarity
and to account for the new control console instrumentation. The changes are
sumnarized below and a complete set of current operating procedures s at
Attachment B

1 Procedure I, Conduct of Experiments, was revised to clarify the types of
dosimetry required to be worn when entering the exposure rooms or rem v ng a
sample from the core exper iment tube A separate change emphasizes that ¢
pulses may be performed with verbal approval of the RFD or ROS and without

4 a
RUR. This is consistent with requirements of the Technical Specif

ations

2. Procedure VI, Emergency Procedures, was revised to make requirements a
terminology compatible with the new emergency plan approved by the NRC
3. Procedure VIII, Reactor Operations, was extensively revised as fol

we

a. Tabs B, H & 1: The Startup, Shutdown and Weekly Check!ists were

N completely revised in conjunction with installation of the new reactc
console. Also, the requirement to initial each |ine on the check! ists
. was removed and one SRO is now indicated as supervising each checkl st
-

b. Tab B: The air particulate monitor procedure was changed to emphas
the need to ¢lose the sampling chambsr door arter performing the alarm
test. This char is in response to the LER discussed in Section IV

e

¢. Tab F: The square wave procedure was modified to allow both cold-
critical and subcritical square waves

d. Tab G: The pulse procedures were changed to be compatible with the
new reactor console instrumentation

e. Tab K: The stack gas monitor procedure was changed to delete the
requirement to maintain historical records of the daily operational
check and the 6-hour Ar-4]1 re'!ease printouts. These printouts were

A formerly used during testing of the stack gas system and they are not
‘!& used to caiculate Ar-4]1 releases or for any other purpose

E. ZSULTS OF SURVEILLANCE TESTS AND INSPECTIONS

All required maintenance and surveillance items were accomplished as
required. Malfunctions discovered are detailed in Section IV
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Section II

Energy generated by the reactor core:

MONTH Kehr

JAN 3451.2

FEB 6829 .2

MAR 87451

APR 4219.7

MAY 2784 .9

JUN 285.2

JUL 872.0

AUG 263:.5

SEP 2186.3

0CcT 2183.0

NOV 4088.5

DEC 3145.1

TOTAL 3844277
Total energy generated this year: 36442 .7 KwhHrs
Total energy on core: 702115.1 Kwhrs
Total Pulses this year 2 $2.00 10 (all equal $2.00)
Total Pulses on core 2 $2.00 4112
Tota! Pulses on core 9628
SECTION III

Unscheduled Shutdowns:

There were no unschedul!ed shutdowns during this reporting period.
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Section IV
Safety-related corrective maintenance:

The following are excerpts from the malfunction logbook during the reporting
period. The reason for the corrective action taken, in all cases, was to return
the failed equipment to its proper operational status.

23 Jan 90 Problem: Stack Cas Monitor printer ribbon slipped off printhead
resulting in no historical reports printed one weekend,

Solution: Printer ribbon was replaced and backup data recorded from
computer memory.

26 Jan 90 Problem: During routine testing of the reactor room air dampers,
maintenance personnel determined that air was escaping from the
reactor room exhaust duct while the Jamper was in the closed
position,

Solution: Investigation determined that the rod connecting the
damper to the air actuating mechanism was hitting the bottom of the
duct thus p-eventing full demper closure. The rod was repaired, the
air flow ard damper closure circuit were tested, and the system was
declared operational. A written Licensee Event Report was submitted
to the NRC on 7 February 1990,

21 Feb 90 Problem: While moving a fuel element from the core to storage the
fuel handling tool wouid not disengage from the element.

Solution: The part of the tool above the water leve! was
disassembl!ed to permit repairs. The fuel element remained under
water %zt 21| times,

19 Mar 90 Problem: A relay control board in the ventilation system burned out
causing ~xhaust fans to shut down and ventilation dampers to close.

Solution: Contrel board was replaced and system tested. No reactor
operations were conducted while the system was not operational.

12 Apr 90  Problem: A backup fuel temperature chart recorder began to fluctuate
severely during reactor operations.

Solution: The reactor was secured. An investigation determined that
the fuel element thermocouple feeding that recorder had failed. The
recorder was connected to a different thermocouple in the same
element and the system was tested.

24 Apr 90 Problem: A |ine voltage spike caused a blown fuse in the primary
CAM.

Solution: Fuse was replaced; CAM tested and returned to service.



10 May 90

04 Jun 90

03 Jul 90

17 Jul 90

01 Aug 90

09 Aug 90

09 Aug 90

05 Nov 20

Problem, Periodic cycling of exhaust fans and closure of reactor
room exhaust dampers without signal from CAM discovered during daily

startup.

Solution: Switched to manual fan control system and kept dampers
closed during operations. Investigation revealed a malfunction in
the building-wide control air regulating system which was repaired

Problem: Stack Gas Mo~itor failed quality assurance test.

Solution: Facility Director and Radiati. Safety notified.
Electronic and isotopic calibrations com, .eted and system tosted.

Problem: During startup, determined that Stack Gas Monitor had
experienced a power failure over weekend probably due to severe
thunderstorms.

Solution: Initialized system and performed successful quality
assurance check. Returned unit to service. No operations while
system out of service.

Problem: Power monitoring channel Safety 1 on reactor console failed
during startup testing.

Solution: Burned resistors on circuit board replaced. Channel tested
and returned to service.

Problem: Console chart recorder would not operate when key inserted
into console.

Solution: Loose wire on key switch repaired.

Problem: During daily startup procedure the CAM readout meter in the
control room would not trigger the audible alarm,

Solution: Investigation reveaied that the paper scale on the meter
face had separated from its backing and was interfering with free
movement of the indicator needle. Scale was regiued to backing.

Problem: Stack Gas Monitor printer failed.
Solution: Printer was replaced and tested.

Problem: Rod positions obsei'ved during startup K-excess measurements
were significantly different from the previous day.

Solution: An inspection of the core determined that the screws
connecting the piston to the connecting rod on the SAFE rod had come
out causing the rod to remain fully in the core even when the drive
was raised with magnet power applied, The screws ware replaced with
self-locking screws and the SAFE rod system tested.
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05 Dec 90 Problem: During startup testing the 0 .5cps rod withdrawal prevent
did not occur when the source was removed from the core.

Solution: The circuit was checked and a loose wire was found between
two DAC terminal boards. The wire was repaired and the RWP tested.

In addition to the LER submitted for the 26 January malfunction, a second LER
was submitted on 29 March. During a routine daily check of the primary air
particulate monitor (CAM), the staff determined that the door to t tection
chamber was partially left open during that morning’s startup proce: The
secondary CAM operated correct!y during the entire time the door on tre primary
CAM was open and &n analysis of the charts from both CAMs as well as pool water
samples showed no release of fission fragments. The ventilation system operated
correctly at all times. Corrective actions included modifications to the CAM
daily test procedure as discussed in Section I1.0.3.b. and modification of the
secondary CAM as discussed in Section I .A.3,

11
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Section ¥

Changes to the facility and procedures as described in the Safety Analysis
Report and new exper iments or tests performed during the year are contained in
this section,

A. As previously discussed in the Introduction section, a new reactor control
console, conirol rod drives, and associated electronics were installed during
the year

B. A puol water level monitor and readout meter were installed to allow daily
measurements of pool water losses. These items are not connected to any reactor
systems and iiave no affect on reactor operations. (Attachment G-1)

C. The primary ana secondary air particulate monitors (CAMs) were modified
that alarm of either CAM will now provide various alarm indications that
previously were associsted with only the primary CAM. Alarm of either CAM will
also now result in closure of the reactor room air dampers. (Attachment G-2)

D. An aluminum plate was installe! on the floor of Exposure Room §1 near the
core projection to minimize damage to the wooden floor from the wheels on
various exper imental tables. (Attachment (G-4)

E. The voltage regulator that previously provided stable current to the old
control 2onsole was replaced by a larger uninterruptible powsr supply (UPS)
necessary for the new microprocessor-based control circuitry. Also, an UPS was
added to the reactor stack gas monitor to ensure continuous air monitoring even
in the event of a power outage. (Attachment G-5)

F. Much of the wood (Douglas Fir) on one wall in Exposure Koom §1 was replaced
to repair damage caused by the effects of age, heat, and radiation. All wood
removed was radiologically monitored and disposed of as radioactive waste if
required. The design of the exposure room did not change since the wood was
replaced with identical materials,

G. An upgraded physical security system was installed. This new system exceeds
the capabilities of the previous system and allows the reactor staff increased
flexibility in monitoring and access control. Installation of the new system did
not require any major changes to the Safety Analysis Report.

H. There were no new experiments or tests performed during the reporting period
that are not encompassed in the Saf<iy Analysis Report. However, a new Routine
Reactor Authorization §102 (Attachment D) was approved by the RRFSC to clarify
the authorization to irradiate krypton gas (and other inert gases) in the CET
The consequences of an accident involving a krypten gas experiment would not
exceed those already described in the SAR for other accidents.

Attachments C-1 through G-5 are a summary of safety evaluations made for changes
not submitued to the NRC pursuant to the provisions of 10 (FR 50.59. Each
modification was described and qualified using Administrative Procedure I,
Facility Modifications., This procedure utilizes a step-by-step process to
document the fact that there were no unreviewed safety questions, no changes in
procedures or facilities as described in the SAR, and no changes to the
Technica! Specifications.
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Section VI
Summary of radicactive effluents released:
A. Liquid Waste - The reactor produced no |iquid waste during CY 1990,

B. GCaseous Waste - There were no particulate discharges in CY 1990. The total
Ar-41 discharges in CY 1990 were 6.748 Curies.

On & quarterly basis: Jan - Mar 1990 1929.1 mCi
Apr = Jun 1990 1631.5 mCi
Jul =« Sep 1990 1430.3 m(Ci
Oct - Dec 1990 1756.6 mCi

C. Solid Waste - Ali solid material was transferred to the AFRRI byproduct
| icense; none was disposed of under the R-84 |icense.

Section VII
Environmenta! radiological surveys:

A. The environmental sampling of soil, water, and plant growth reported
radionuclide levels that were not above the nornal range. The radionuc!ides
that were detected were those normally expected from natural background and from
long~term fallout,

B. The environmentai monitoring (dosimetry) program reported the following
results for CY 1990

1. The average background of 19 thermoluminescent dosimeters (TLD) located
outside a 15 mile radius of the AFRRI site was determined to be 81 40 : 2 48
millirem,

2. The average reading of approximately 30 environmental stations located
on ths AFRRI site was determined to be 0.37 2 0.54 mi||irem above
background.
3. The single highest environmental station reading was 13.20 ¢ 10.38
millirem above background. This station is approximately 500 meters from
the AFRRI.
4. The above results are expressed at a 95% confidence level.
C. The in-plant surveys, including onolysn: of effluent filters, showed no
measurable activity (except as reported in Section VII) in all areas outside the
restricted-access areas.

D. There were no special environmental studies conducted during the year.

13



Section VI

Exposures over 25% 10 CFR 20 Limits



o N
Section VIII
Exposures greater then 25% of 10 CFR 20 limits
There were no exposures to staff or visitors greater than & % of 1 FR &
fimts
.
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This technical report describes changes and modifications made to the
AFRRI reactor facility as depicted in the facility's SAR. These changes
have been reviewed by the Reactor Facility Director and found to contain
no unreviewed safety questions. This report is submitted to the Reactor
and Radiation Facility Safety Committee (RRFSC) for their concurrence that
conditions of 10 CFR 50.59 are met. These conditions are that no
unreviewed safety questions are present and that the changes made do not
increase the probability of occurrence or the consequences of an accident
or malfunction,
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safet { the Ifuel elenment stems {(rom 18 large prt mpt negative
temperature eff lent { eacti t r r AusSes the automat
term A § A t Wer e X Irs . he f o \ r e tl‘n.\“ results
P npt egat e el iéent { eacCt t { tht AFRRI] RIGA React
<6 Xdeltak/K per 1 ts/® ' e the Stead tate Nega
ent { act ty - XdeltaK/K per ents
& ¢ - ' ta - { W NAVS ner ged '4‘»1"1" ! eNera
Atomics \ A 1 RIGA Prototype eactor \TPR t PEAK power eve
et “ A i1 have eer iseqg t! I1SA 18 4 timesn ! peak i W o
l ) els grester than ¢ MW he AFRRI T} A Reactor “ nited ¢
S' 9 » p o n » » aert ’ t e (20 Al 8D f y ¢ r
r g 1 & fAK power eve { approximately 4 .
¢ 2 . Al et ANALYSLS el t has Ana.l eq es iR 1
f L - { gt eS8 1ENn HAS .S 1 A€ t 7 ed the Fue Flemer
ient ed the postulated irrence f a LAdalr (Al ¢
\ fuel element alfter a eek per 1 where the rate 18w n pt i
entor t A MW stead state perati | NASs eer - t ieca
being taker 1t { the perating re and pisced storage the sat
(ission product inventory is vtained after 100 h rs t ntinuous
reactor peration at full powe 1 MW The ladding failure uld it
when the fue element 18 withdrawn from the reactor pool While the fuel
element exposed ¢t AL, A adding failure uld cour incidentally
r due t a drog A8 the AFRRI FSAR explains, the probability of such ar
\ ldent s nsidered to be extremely remote The se nd Design Basis
ient alled the Fuel Element ladding Failure Accident, involved the
postulated irrence of a cladding failure of a fuel element during a
se peratior I nadvertent transient following a steady state
perat r t | MW ARALlN, It was assumed A saturated fission product
nventor ' ! rs alter | nours { nNtinuous reactor perat r A
: Wer Mw and a pulse peratior lth an integrated energ: {
! W= MWw-ge pulse peratior 8 roughly equivalent t A Bt
81t ¢ eact ty insertior { approximately $4.50,. The maximum
! { the AFRRI TRIGCA Pulse Rod (Transient Rod I8 approx:mately $3.,7¢ And
18 such a 4 MW-ge pulse operation 18 an extremely nservative
Assumption [he FRRI FSAR again explains that the probability f such

L1 i Lden 2 ‘naidered to be extremely remote

The analysis in the AFRRI FSAR shows that «++ the consequences from the
esign Basis Accident f a fuel element drop accident r a fuel element
Ad {alilure accident were irsignificant, Therefore, it was
ncluded that the operation of the AFRR! reactosr in the manner
authorized by Facility LicernJse No. R-84 does r.ot represent an undue risk
t the health and safety of the perational personnel r the general

ege esign Basis A ients DBAs were postulated on the

iletermined,

aAte man-made events

SCenaril req ired that rhe renct r He “'”Y'i"".
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JONSOLE INTERLOCKS COMPARISON

W VIOV G-

Source Level Neutrons
Mode | (no two rods)
Mode

no rod except TRANS)

-SAR

- J second perod

- Ops Channel HV loss
- Hulk Water 60 C

+ Ops Channel Calibrote

4..’5;...‘ SD':'C

- 1 kw

- Source Level Neutrons
- Mode | (no two rods)
- Mode |l

(no rod except TRANS)

~SAR
- J second period
- QOps Channel HV loss
- Bulk Water 60 C

+ (calibrate signal additive)
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1 relay logi SCRAM 1 I try ne High F afety NAnnNE
e the ld nsole, derive their signals fr ¢ - n hambers
above the re and have readouts Ated [ ertical AN {
rol nsoie However { the Ll - e these readouts take
£ El tl\l‘f!\:’\ﬂ instead { nete - These new hanne.s were
t e the same as the i hannels ni pdated with irrent
gy electror - The Fu [emperature afety hannels wil 3 ¢t
ne.it lgnals from the same tw nstrumented fuel o2lements ated
- ng and the ~ring A8 with the High F X hanne l s he Fue
re Nannei.s have thelir readouts 4 the ns - r the
ED bargraphs nstead { meters it st i1id be eaphasized agal
se safe iystems n the new ns €8 Are lependent hardwired
hannels U8t A8 those are n the i neole These systems are
ndependent { the system' s mputers and wi ntinue ¢
.,_.“‘:: 88 ¢ the state theae 1 iters Are ’ ".‘i
aret = sten T nit ring Anda nte i at all times he ram
AgALlN A8 W h the ] ne e as ¢t naependent reiays f
et hannel ne at n the supply side and one | ated n tt
ie f the magnet and solenoid power L X tr Similar t the
et hannels, the Scram rcultry was desigr t e the same asg
Scram ircuitry only replaced with irrent t Nology electronics
shows a mparison between the SCRAMS on the new and old consoles
M iroulitey n both systems is the same except for the Safety
‘alibrate Scram on the id nsole nd the Watchdog Scorams on the
ole The old nsole used shunt the inputs t the safety
while putt £ In calibration signals to the safety channels
ated the possibility of operating with a safety channel in the
e mode To prevent this ndition f W curring the ld nsole
LAY hich would scram the reactor Any f the safety hanne.s
tched ¢ the calibrate mode. \@w system, the calibrat n
are addit e t tie normal safety Annel signa's e.§. the safet
are not shunted i1in the ailioprat mode Xt aLlbration si1gna
the rmal safety channel signal g more NBErVAL.LyE “ ]
r ie a higher channel reading and therefore daces not 1e7quire s
e scram. However, watchdog scrams, sas described earlier, have
ed t the new neole scram ircuitry. These watchdogs monitor
18 of the DAC and C3C mputers and should any of the four
B tw in the DAC and two in the CSC) fail to be reset by the
y, then the system would ecram th reactor. This ensures that
f either of these computers or f their software will cruse a
ram.
PERATIONAL CONTROL AND MONITORING SYSTEMS
nsole has an operational hannel which derives its signal fron
n hamber and generates the Wide-Range Log and Multirange Linea:
ng channels The operational hannel cmbines the standcdard
es of unt Rate and Campbelling in an analog mputer ¢t pr ¢
bilit t monitor | lecades power The new nsole uses




CONSOLE REACTUR SAFET SYSTEM COMPARISON

oL
SAFETY CHANNELS

~ 2 Percent Power
= 2 Fuel Tempercture

SC7 S

-TECH SPEC

- 4 Hig" Level Sataty
Trips

= Manual

= 2 HV Loss % Power

- Puise Timer

- Emergency Stop

~ Waoter Level

~SAR

~ Key Switch

- Steody Stote Timer

~ Loss of AC

Facility Interlocks

¢ Scfety Channel Calibrote

= Individual Rod SCRAM

NEW
SAFETY CHANNELS

- 2 Percent Power
- 2 Fuel Temperature

SCRAMS

-TECH SPEC

=~ 4 High Level Safety

Trips

- Manual

= 2 HV Loss % Power
- Pulse Timer

- Emergency Stop

- Water Lavel

~SAR
~ Key Switch
~ Steady State Timer
- Loss of AC
- Facility Interiocks
* Watchdog
- 2 Relays in both the
0AC and the CSC
- Individual Rod SCRAM

e —
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the perator anc W 1sed ¢ t the react ' power ¢t t e lecand
& “lxeqa preset pet 1 The pul 8¢ this feature “ tomat A
- ma t r the pr« et I wWer Vel IUring Long=-term power runs ptions \
A\ A ble t perator 1 naintal wer y ement {f & s1ngle i
by bank nerat { gselected 1 -« . 18 ! e ser ed are selected
he at v A the Servoed Rod Selector Switch n the ntrol
= $ ® . ¢ FANE
n 4 s Are-w perat t the eactor ¢« first brought ¢t “ rit A
t n be KW eaving the transient rod partially in the re
f *he ate atate strumentat r a 11 peratior The trans ’
» i 3 ected m the re by means f the transient rod | E pust
t tt r when " F Wer eve |l reaches the iemand - e, ¢ 18 mMAINtLA oA
he same manne n the automat mode
rReactor ntrol n the 18 E moQe nsists { establishing Fiticeiln
At a tilux leve be - KW I1n the steady-state mode. This 18 & mplLished
by the use f the motor-dr en ntrol rods, leaving the transient rod
either fully r partially inserted The mode selector switch is then
! lepresse | The Transient Rod Fire switch automatically nnects the
pulsing hamber ¢ monitor and record peak flux nv and energy release
Pulsing an be initiated from either the critical r subcritical
reactor state

MPARISON OF THE CURRENT AND THE NEW REACTOR SAFETY AND CONTROI

t TO}S AFETY SYSTEMS
The rrent nsole, which was designed and built in the early 197 § \ 8

“ ! afety Systems (See Table I two hardwired independent
analog High Flux Safety Channels, two hardwired independent ana.og Fuel
! re Safety hannels, and a hardwired reley logic SCRAM ircuitts
he High Flux safety hannels derive their signals from two Boron

eutron sensitive lon Chambers mounted above the core, and these
hannels have readouts located on the vertical panel of Lue control
gsole in the form of analog metere. The Fuel Temperature Safety
hannels derive their signals from two instrumented fuel elements, ne

ated in the B-ring and one located in the C-ring. The Fuel Temperature

8 also have readouts located on the vertical panel of the
e in the forw of analog meters., The Scram circuitry has
]
d

3
A

ay contacts for each safety channel, one located in the
1

ne locatel in the return side of the magnet and solenoid
power ircuitry Droppiny any one of these numerous relays would cut

u

v
-

>

>
&
ML
-

»
=
pail

power t the magnets and the air solenoid.

The new nsole, as wi‘‘h the ld neole, also has as its Reactor afet
gtems tw independent hardwired anslog Higl. Flux Safety Channels

independent hardwired analog Fuel Temperature Safety Channels, and a
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stepping motor irives A pinion geAar and a ~turn potentiometer L& &
hain and pulley gear aechanism fhe potent meter 8 used ¢ pt ide !
position information The pinion gear engages a rack attached ¢ the
pagnet draw tube An electromagnet attached the lower end of the dra
tube engages an Lron Aarmature The armature is screwed and pinned !
ne upper ena {f & nnecting rod that terminates &t its lower end the
v'r » 4
when the stepping motor 18 energlzed a8 the rod ntroil UP/DOWN sw.t
T ne perator’'s neo.le the pin n gear shaft rotates, thus raising
e, the magnet draw tube If the electromagnet is energized, the armature a
' nect 8 rod will raie« with the draw tube 80 that the ntrol 1
withdrawn from the reacto: re In the event f a reactor scram, the
Agnet 1s de-energized and the armature will be released The nnect K
1 the piston, and the ntrol rod will then drop, thus reinserting the
t! i 1 nt the re
Ltepping motors perate on phase~switched d power 'he motor shaft
Advances ¢ steps per revolution 1.8 deg per stej Since irrent 18
Alntained n the motor windings when the motor is not being stepped A
e NigNHh holding torgque 1s maintained
' the torque vae speed characteristi f a stepping motor is groatly
lependent n the drive circuit used to step the motor. [ ptimize the
torque haracteristi ve motor frame size, a Transiator Module was
selectea ! irive the stepping moor This mbination f stepping motor
AaNnd transiator module produces the ptimsum torque at the perating spee

e ntrol rod drives




= RWP preven.us any control rod withdrawal unle=s, B8 8 Binimum, scurce
level neutrons (« 10+ wt) Are present.

= RWP prevents any further control rod withdrawal unless the pover level
18 changing on a J-second or longer period as measured by the wide-rang
leg channel during certain Steady state operations.

= RWP preventa any control rod withdrawal unless high voltage i being
supplied to the fission detector for the multirange linear and vide-

range log channels.

= RWP prevents any control rod withdrawal unless the bulk poo! water
temperature is less than 80¢0 (Technical Specification Limit)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>