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19, 1990, D¢
Company, (the 1icentee) submitted & request tou amend Appendix A of

ting License ko, R<108, 7The requested amendment would (1) allow
frstallation of the microprocessor besed instrumentation &and contro) system,
and (2) change the timd or {ssuence of the Technical Specification (7S]
required annual re
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INSTALLATION CF MICRO! OR BASED INSTRUMENTATION AND CONTROL SYSTEM

The 1icensee plans to install, in parallel to their existing control console,
the new digitel microprocessor based instrumentation and ntrol system, The
transfer of cuntrol from the old to the new system (including scram) {s planned
to be vie « series of gradual steps accompanied by tests which demonstiate the
reliel 111ty of the new equipnent while meintaining the proven performance of
the existing control system, Upon completion of all testing, the rew console
will be used to contro) (except for the hardwired trip functions) both the
safety and ronsafety aspects of reactor operation, and the old analog console
will be discornected., The primary functions of the new system remain the seme
8s the old system: to monitor critical parameters and provide a scram signal
when needed, to provide information to the operator; and to provide contre?! Tor
the realtor operation,

Herdware and Systems Assessment
——— s —— — - ol DS — — -

This portion of the roview focused on the areas of potential vulnerability or
susceptibility of the new conirol console which might compromise 1ts ability
to present accurate inforumation to the operator and to provice scram signals
when required. hNo assessment was made of the reliability of the ronsafety-
related controls., Issues investigated included single failure, environmental
qualificetion, sefsmic aualification, surge withstand capability (SWC),
electromagnetic interference (EMI), failure modes and effects, reliability,
error detection, and independgence,

The ty Systen: Scram Circuit consists of one analog nuclear power monitor
channe | P-1000) and one microprocessor based nuclear power channel
NM«1( ( the NPP-1000 anc KM-100C ' ovide & direct scrar
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the modificatior to assure proper operstion of the microprocessor functions,
A1) other scram vunctions (which include the high voltage setpoints or the
two neutron detectors, as v¢1) ac¢ ownual scram, keyswitch scram, and loss of
power scram) will be identical to “he current system,

Sindlar fnstrunentetion and coutro) systems have been accepted by the NRC in
frendment Ko, 19 for the Armed Forces Pediobioluy; Research Institute (AFRRI)
dated July 23, 1990 end in Amendment No, 29 for aencrcl Atomics (GA) ceted
Octuber 4, 19%C, During the review, the licensee described the new system
fncluding 1icensing, engineering, testing end training aspects, The staff also
hed tenefit of naterial from the previcusly mentioned reviews of AFRR] and CA.

The primery review criteria for instrument and control systems for reserrch
resctors are presented in ANSI/ANS 15,156 (1978) "Criteria for the Reactor
Safety Systems of Fesearch Reactors,” The staff performed this eveluation
also ueing critoria whick apply to current vintage nuclear power plants.
However, due tu the inherent reactivity insertion tofety feature of the TRIGA
resctor vesign, minimal decay heat gcncrat1on and the attendant minimal
probability of fuel cemege; the stuff has concluded that these power plant
criteria mey serve as guicelines, but strict acherence to the power plant
criteria 1s genereally not warranted,

2.1.1 Environmenta) end Seismic Qualificution

The new control system 1s to be fnstalled 11 the contro) room and the reactor
room, The system 1s to be constructed in standard commercial enclosures
suitable for o mild environment, The cperaticns at GA and AFRR] and testing
et the Dow Chemica) Company, to date, have not revealed any temperature or
humidity probiems that could be of concern to the components of the new system,
Further, the staff considers the reactor room to be & mild environment when
compared to power plant requirements and therefore, the entire system can “eo
consicered tu be in a mild environment,

Though there have Leen no requirements r-orulgated for seismic qualification
testing of reseerch reactor control equi,ment, the staff considered the equip-
ment for general ruggedness, The licensee indicated that the equipment is
mounted in a comnercial quality fashion which should prevent eny significant
movement of comporents within the conscle and racks, The primary concern
remaining would be relay contact chatter which could prevent & scram when
required, The safety systew scram circuits for this system are conservatively
designed to scram on failure (which includes contact chatter) anc therefore the
staff concludes that any further testing is not warranted,

Based on the above, the system is acceptable from the standpoint of
environnental and sefsmic corsiderations,

2.1.¢ Electronoonetic Interference (EM1)

The staff reviewed the susceptibility of the new equipment to EM! due to the
potential for common mode interference which could disatle more then cre system
et & time, For the new system, industrial-type isclators are generally used
which prevent conducted EMI fron teing transmitted between the contro)l and



safety mechanfsms, The neutron flux signa) cabling is shielded to reduce the
impect of rediatec EM1. Previous experience with similar equipment provided by
severs) different vendors at other facilities, and analysis of the inste)lation
of this rew system has indicated that 1f EM] ceuses any disturbance in the
system 1t will most Tikely cause @ scram which s a conservetive condition at
this type of resctor. Based on the above, the staff concludes that EMI should
not ﬁrcvcnt ¢ scram when required, EMI would most 11kely result in a scram
which 1s & safe condition, and the design 1s therefore acceptable,

¢.1.3 Power Supplies

The power supplies for the system ere buffered to reduce the possible tmpact

of minor power 1ine fluctuetions., The scram circuits for the new system are
desfened to scrom when power 1s lost to them, The NPP-1000 are analog devices
end will respond to power fluctuations sinflar to the existing analoy equiprent,
The digite) MM-1000 nuclear power channel uses & battery becked-up random
access mermory (RAM) 1y store cate during loss of power. In addition to self-
diegrostics, the NM<1000 hes o watchdog timer circuft which puts the NM-1000 1n
6 tripped corcdition and scrams the reactor if power fluctuations prevent proper
software cperatfon, The NM-1000 1¢ 2so tested to verify that the system
returns to proper operation following restoration of power, The steff finds
thie acceptable,

2.1.4 Failure Modes end Effects

In the previous reviews the steff considered 8 Scram Circuft Safety Analysis,
This anelysis fdentified the verious ways in which the reactor safety system
could fail, These include:

) Physical System Failure (wire breaks, shorts, oround fault circuits)
Linfting Safety System Setting Failure (failure to detect)

System Operable Failure (loss of monitoring)

Computer/Manyal Control Faflure (automatic and manual scram),

LR
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This analysis wes based on a fault tree approach which predicted failure to
scram for various faflure modes, Feilures attributable to the unique failure
modes of the software of the NM-1000 were consicered, The analysis concluded
thet & fatlure of &11 safety systems and therefore failure to scram was extremely
unlikely, The staff concludes that the failure modes and effects of the new
system were acceptebly addressed,

2.1.5, Indeperdence, Redundancy and Diversity

The staff reviewed the dete link between the safety channels and the nonsafety
systems, The safety charnels provide direct scram inputs and are alsu hardwired
directly to independent indicatc~s on the cuntrol console. The cperators are
provided with information from bith the enalog NPP-1000 power monitor and the
atgitel NM-1000 monitor, The information 1s displayed on both direct wired

bar graphs and on a graphic CRT. In addition, the safety channels provide
fnputs to the hor-Class 1E Data A-quisition Computer (DAC) through isolators,
The iscletors used have not been tested for maximum credible faults which the
staff requires for power plant use, but have been tested by the manufacturers
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to stendard commercial criterfa, The DAC is then connected vie redundant high
speed serial data trunks to the Nor-Class 1E Control System Computer (CSC)
which interfaces with the operator by controls, & keyboard and CRY displays.

The scraw circuft 1s essentially unchanged in that it meinteins the fail safe
design using the same automatic and manual contacts which open to remove power
to the control rod magnets, This system has also added the computer watchdog
scram and substituted the digital NM-1000 power and period scrams for similar
enalog screms. The use of both analog and digital neutron monitoring, and the
watchdog scram function provides additional diversity and redundancy to the
scram system, The system as installed meets most of the requirements of
IEEC-279-1671 "Criteria for Protection Systems for Nuclear Power Generating
Statfons" and IEEE 379-1977 "Applicetion of the Single-Failure Criteris to
Nuclear Power Generating Station (lass 1E Systems,"

Eesed on the above, the independence, redundancy and diversity of the new
system 1s acceptable,

2.1.6 Testing and Operating History

Extensive testing of the new systen has baen dore at both GA and AFFRI, A
sfgnificent number of design changes took place during the testing and

phese-in of the new systum, The ste'f bzs reviewed the probiens discovered
during testin? of the system and has crncluded that the resolutions appear
acceplable, The staff also agrees with the licensee thet long-term operability
and safety 1s enhanced due to inste’lation of equipment which has spare parts
readily avetleble, An additional {:provement 1¢ the self disgnostics feature
which allows continuous on-1ine testing end reduces the possibility of
undetected failures,

2.2 Software Assessment

2.2.1 Verificeticn and Validetion Plan

The staff requires an approved verification and velidation (V8Y) plan for
software which performs a safety function or provides safety releted
fnformaticn to the operators,

2,2.1.1 Verificatiun of Software Design

The NM-1000 software cevelopment by CA was reviewed by the staff to determine
the acceptability of the VBY plan., The staff compared the GA VAV plan to
Re?uletory Guide 1,152 "Criteria for Programmable Dtgital Computer System in
Safety Systems of Nuclear Power Generating Statiorns." Extensive tostiu? of
the GA microprocessor based instrumentation and contro) system at GA, AFFRI,
and kcClellen Air Force Dase installetions of similar systems proved the
software to function as desi?ned. GA also performed extensive VLV testing of
the software, and discrepancies and operating problems, The staff has
corcluded thet based on this previous review and experience, and the virtually
fdentical nature of the applicable software, the verification of the new
system is acceptable,



2.2.1.2 VYelidaticn Testiqg

The 1icensee's initial testing program w.. designed to show that the new

systen 1s capable of performing the assigned tesks, In addition to the

initie] testing program, the self-diagnostics feature allows continuous on=line
testing, and the routine surveillance tesks norwelly performed by the reactor
operators help to essure continued operation and rapid discovery of prablem
areas, fFinally, ¢ comprehensi e procedure has been devised to provide testing
and essurance that the new system will operate properly before relinquishing
the scram circuits of the old system, The staff's review finds this testing
program acceptable,

2.3 Maintenance and Surveillance

A extensive program 1s in place to eveluate the operation of the components
of the control system, This program includes regularly-scheduled survel)lance
end test procedures which include those items required by the Technical
Specifications as well as a number of other items, Major deily checks of &)
scrom systems, chennel tests of @ number of information systems, and operation
of the reactor at & specified low power are used to document the operebility
of the systems end to evaluate the operating characteristics of the reactor
ftself, Other tasks performed at monthly, semi-annye), and annua) intervals
include calibretions of important systens (1nc1uding the control rods, the
power levels, and the radiatiun-sensing instruments) as well as a number of
non-safety-releted parameters, These procedures, which have been in place for
8 num er of years, assured proper muintenance of the present contro) system,
and cen be expected to provide continued assurance of proper operation and
detection of problem sreas with the proposed system, Based on this experience,
as well as the self diagnostic features of the new console system, the staff
conclgded that the naintenance and testing program wes acceptable for the new
console,

2.4 Training of Operators

Reactor operviiuns personnel have perticipated in training sessions at the
General Atumics facility in San 010?0. Ahbout 1/2 of the 40-hour tra1n$n$
course was devoted to classroom training, covering details of the operation
of the console, the structure and operation of the NM-1000 and NPP=1000
neutron channe‘s. the software, the safety circuits, and the computers, The
retie inder of the time was used mostly in hands-on cperation of the Dow
console during 1ts final stages of testing anc adjustment - as a test stand
operation, not connected to a reactor or neutron detectors - operating the
computers, following the testin? sequences, and going through the NM-160C and
7PP-1000‘c1rcu1ts in great detail, genoro?iy reinforcing the clessroom
nstruction,

Finally, each of the operations personnel manipulated the controls and
performed several operations on the GA 250 kW reactor (operaticns of this
reactor as part of trairing programs for non-GA personne! have been approved
by the GA Safety Conmittee and were performed under the direction of a
Ticensed SRO of the €A facility). Operations included startup, intermediate
reactivity changes, &and shutdown. Although the GA instrumentatior and contro)
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system 15 not fdentical to the proposed Dow installation, the stesdy-state 1
operations are quite similar, The Dow people performed such operations as j
would be performed at the Dow facility, including startup, cgproach to |
power using relatively lung perfods consistent with the gow echnica) Specifi- |
catfons, menual operation at power, and automatic-mode steady-state operation,

Particular attention was peid to observation and control of the period, which

in the propused system {s generated by the digite] NM-1000 circuit, as compared

te the current Dow system where the period information 1s derived from the

enelog wide-rarge log power channel,

The staff concluded that this trafning wes acceptable to assure operator
understanding of the new instrumertation and control system,

3.0 CHANGE IN ANNUAL REPORT DUE DATE

In order to provide additional assurance that surveillence requirements are
accomplished fn a timely manner, the licensee has requested & change for the
due date of the TS required annua) report, The chenge would require fssuence
of the annual report in the first cuarter of celendar year 1991 and annuelly,
i the first quarter of each year thercafter, This change is an edminfstretive
change in the dete of reporting to more directly cuincide with annua) surveil-
lance requirements, This change does not impact on content of the annua)
report, Therefore, the steff concludes this change 15 acceptable,

4.0 ENVIRONMENTAL CONSIDERATION

4.1 Instellaticr of Microprocessor Based Instrumentation and Control System

This amendment fnvolves changes in & requiremert with respect to the
installeticn or use of facility components loceted within the restricted ares
8s defined in 10 CFR Part 20, The staff has determined that the amendment
involves no significant increase in the amounts, &nd no sigiificant change in
the types, of any effluents that may be released offsite, and there 1s no
sfgnificent increase in individual or cumulative occupat‘onal racdiation
cxposure, Accordingly, this amendmert meets the e11gib111ty criteria for
co:egor1ca\ exclusion set forth in 10 CFR 51,22(¢)(9). Pursuant to 10 CFR
£1.,22(b), no environmental impact statement or environmental assessment need
be prepared in connection with the issuance of this amenduent,

4,2 (Chenge in Annual Peport Due Date

This emenament involves changes in the cetegory of recordkeeping, reporting,
end sdministrative procedures and requirements, Accordingly, this amendment
meets the eligibility criteria for categorice) exclusion set forth in 10 CFR
§1.22(c)(10), Pursuant to 10 CFR 51.22?b), no environmental fmpact statement
or environmenta) eccessment need be prepared in connection with the issuance
of these amendments,

5.0 CONGLUS™™

The staff has also concluded, based on the considerations cdiscussed ebove,
that: (1) beceuse the awendment does not involve a significant increase in
the probability or consequences of accidents previously evaluated, or create
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the possibility of & rew or different kind of eccident from any accident
previously eveluated, and coes not involve a sfgnificant reduction in a
mergin of safety, the amendment dees not involve & significant hazards
consideration, (5) there 15 reasonable assurance that the health and safety
of the public will not be endangered by the proposed activities, and (3) such
sctivities will be conducted in complience with the Commissicn's regulations
and the 1ssuance of this amendmert will not be inimice) to the commor defense
eno security or the health snd sefety of the public,

Principe) Contributor: Marvin M, Mendonce

Deted: December 13, 1990



