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During the review, the licensee described the new system including licensing,
engineering, testing, and training aspects. The staff also had benefit of
material from the U.S. Air Force, the University of Texas at Austin and the
console owners group, as well as an independent safety review performed by
ORI, Inc. which concluded that the system was acceptable. The system for the
UIUC ATRR 1s @ similar system to that reviswed and approved in the “Issuance
of Amencment No. 19 te Facility Operatine License No. R-84 - Armed Forces
Radicbiology Research Inst'tute (AFRRI),* "Issuance of Amendment No. 29 to
Faciiity Operating License No. R-38 - General Atomics," " Issuance of
Amendment No. 6 to Facility Gperating lLicense No. R-108 - Dow Chemical
Company,” "lssuance of Amendment No. 6 to Facility License Nu. R-113 - U.S5.
Genlogical Survey TRIGA Pesearch Reactor Facility (GSTE)," and "!ssuance of
Facility Nperating License" for the University of Texas at Austin.

The UIUC Safety System Scram Tircuit required oy the Technical Speci®ications
consists of two fue)l tomperature channels, two anaiog (NP-100C and NPP 1000)
nucleav power moniter channels (for all modes of operation), of which one must
be capable o causing a reactor scram, two reactor tank water level channels,
a watchdog scram and » manual scram button which are hardwired. Also wired
into the Scram circuit but not requived by the Technical Specificaticns are
scrams for short period (provided by the NM-1000), loss of high voltage to the
NP-1000 and NPP-1000, the console key switch, two exteinz] scrams, low primary
flow with power zbove 1 M4, high tank water level and high primarv outlet
water temperature. There are wlso Technical Specification required rou blocks
on transient rod withdrawal when reactor power is above 250 kW(t) (provided by
the NM-1000), on control rod withdrawal when the neutron count rate is less
thin one count per second (provided by the NM-1000 and control system computer
software), and a block to prevent withdrawal of the transient rod wien the
control rods ~re not fully inserted (provided by the control system computer
software). Interlocks provided by the control system computer but not
required by the Technical Specificitions is an interlock to prevent manual
withdrawal of more than cne control rod at a time and interlocks to provent
withdrawal of control rods if all scrams are not reset, and if coeatrol rod
magnet current is not enabled.

2.2.1 Environmental and Seismic Qualification

The new control system is installed in the control room and the reactor room.
The staff considers the reactor room to be a mild environment when compared to
power plant requirements. Therefore, the entire system can be considered to
be in a mild environment. The system has been constructed in standard
commcrcial enclosures suitable for a mild environment. The testing and
operations of the other systems initalled have not revealed any problums
regarding temperature or huridity. The new system should not be unduly
susceptible to temperature or humidity and is therefore acceptable to the
siaff.

Aithough the NRC has not promulgated requirements for the seismic qualifi-
cation testing of research reactor coatrol equipment, the staff evaluated the
gquipment to determine genera' ruygyedness. The equipment is mounted in a
commeycial quality fashion which should prevent the components frem moving
significantly within the console and racks. In this TRIGA reactor, an
inadvertent scram does not presant a significant challenge to reacior safety



cystens because a scram consists of the removal of current tn the control rod
magnets allowing the contrel rods tou drop into the core by gravity. No other
equipmont 15 required to maintain the reactor in a safe shutdown condition.
The primary concern remaining weuld be that the chatter of relay contacts
could prevent a scram when required. [ne safety system scram circuits for
this system are des‘gned to scram on failure (which inciudes contact chatter).
Therefore, the staff concludes that the system is acceptable,

2.2.2. KElectromagnetic Interference (EMI)

The staff evaluated Lhe new equipment to determine if common mode EM! could
disable more than one system at a time. The design characteristics of the
TRIGA reactor do not allow an inadvertent scram to present a significant
challenge to safety systems, although 1t might hinder operations such as by
disrupting an e4periment,

The TRIGA uses industrial isolators, which preven’ conducted EMI from being
transmitted between the control and safety mechanisms. The neutron flux
signal cables are shielded to reduce the effect of radiated EMI. Previous
experience with similar equipment provided by zeveral different vendors at
other facilities has indicated that if tMI causes any perturbance in the
system, it wil) most 1ikely cause a scram, which is not a safety concern,
Therefore, the staff concludes that EMI should not prevent a scram when
required and that the design is acceptable.

2.2.3  Pcier Supplies

The power supplies for the system are buffered to reduce the effect of miner
fluctuations in the line puwer. The .cram circuits for the new system are
designed to scram when power is lost to them, The NP-1000 and NPP-1000 are
analog devices and will vrespond to power fluctuations similar to the existing
analog equipment, The digital NM-1000 puclear power channel uses a random
access memory (RAM) witic alternate dc battery power to store coustant data
during a loss of power. The NM-1000 has self-diagnostic circuits and aiso has
a watchdog timer circuit which places the N&-100C in a tripped conditior and
s~rams the reactor if power fluctuations prevent the software from operating
properly. The General Atomics document, "NM-1000 Software Functional
Specification and Software Verification Program” (March 1989) destribes the
tests performed on the NM-1000 to verify that t* <ystem returns to proper
uperation after the power is restored. The statr finds this acceptable.

2.2.4 Failure Modes anu Effects

The licensee's safety analysis included reference to the April 27, 1988 scram
circuit safety analysis performed by the University of Texas at Austin to
identify the various ways in which the reactor safety system could fail. The
staff reviewed *his analysis for the AFRRI system installation. These include
the following:

Physical system failure (wire breaks, shorts, ground fault circuits)
Limiting safety system setting failure (failure to detect)

System operable failure (loss of monitoring)

Computer/manual contro) failure (automatic and manual scram)
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This analysis was performed using fault trees to predict a failure to scram
for varicus failuie modes. The analysis concluded tlat a failure of all
safety svstems and therefore, failure to scram was extremely unlikely. The
analysis evaluatad all failures attributable to the unigue failure modes of
the software of the NM-1000., The staff has reviewed the analysis of the
failure modes and effects of the new system and finds that this analysis is
applicable to the UIUC system and that the analysis is acceptable.

2.2.5 Independence, Redundancy, and Diversity

The staff reviewed the data link between the safety channgis and the aonsafety
systems., The safety channels provide hard-wired scram inputs and are also
wired directly to independent indicators on the contre) conscle. The
onerators receive informatien from both the analog NP-1000 ard NPP-1900 power
monitors and the digital NM-1000 monitor. The information is disnlayed on
both direct wired bar graphs and on a graphic CRY. The safety channels also
provide inputs to the non-class 1€ data acquisition computer (DAC) throuch
isolators. The isolators used have not been tested for the maximum credible
faults that the staff requires for isolators used in power plants. However,
the manufacturer has tested them to standard commercial criteria. The staff
concludes that the use of isolators tested to standard commercial critoria is
acceptable for the UIUC TRIGA reactcr. The DAC is then connecled through
redundant nigh speed serial data trunks to the non-class 1E con’co) system
computer (CSC) which interfaces with the operatoer by controls, a keyboard, and
CRY dispiays. The CSC would not meet the independence requirements of a power
plant because the CSC does interface with the safety channels. However, the
staff concluded that this indeperdence was not necessary for the current
application at UIUC.

The scram circuit 15 essentially unchanged from the old to new system in that
it has a fail safe design using automatic and manual contacts which open to
remecve pawer to the control rod magnets. Redundant fuel temperature inputs
are provided 1o the scram circuit at the UIUC facility. Redundant power level
inputs (NP-1000, MPP-1000) to the scvam circuit are also provided.

The analog and digital neutron menitors and the addition of a watchdog scram
tunction provide additional diversity and redundancy to the scram system. The
system as installed meets most of the requirements of IEEE-279-1971, "Criteria
for Protection Systems for Nuclear Power Generaiving Stations," and
PEFE-379-1977, “Application of the Single-Failure Criteria to Nuclear Power
Generating Station Class 1E Systems.”

The staff has concluded that the UIUC cantrol system design maintains an
acceptable level of independence, redundancy, and diversity for the UIUC
Advenced TRIGA reactor.

2.2.6 Testing and Operating History

GA, AFRRI, the Dow Chemical Compoay, GSTR, and the Univirsity of Texas at
Austin have extensively tested the new system and made a significant number of
changes 12 the design during the testing and initial operation of the new
system. The staff has reviewed the problems discovered during testing of the
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system and concluded that the resolutions appear acceptable. The staff
concludes that the installation of equipment having readily available spare
parts improves operability and <afety. The new self-diagnostic feature allows
continuous online testing and reduces the pcisibility of undetected failures.

2.5 Software Assessment
2:3.3 Criteria

The staff reguires an approved verification and validation (VAV) pla. for
software that performs « safety function or provides information to the
operator. At UIUC, the NM-1000 provides inputs to the scram circuit and to
the rod withdrawal nrevent interlock system block function. As part of the
AFRRI and GA amendment approval process, the staff reviewed GA's program for
developing the NM-1000 software to determine if the VAV plan was acceptable.
The staff har determined that the GA V&V plan is appiicable to the UIUC
system. The staff compared the GA VAV plan to Regulatory Guide 1.152,
“Criteria for Programmable Digital Computer Software in Safety-Related Systems
at Nuclear Power Plants," which endorses ANSI.IEEE 7-4.3.2 1982, “Application
Criteria for Programmable Digital Computer Systeams in Safety Systems of
Nuciear Power Geuerating Stations." The staff has cuncluded that this
standard is appropriate for use in reviewing research reactor software.

2.3.2 Verification and Validation Plan

The staff audited the V&Y documentation provided by GA. The NM-1000 at the
UTUC TRIGA s wired directly into the scram circuit, and therefore, roquires
highly relicble software to perform its safety function when required. To
assess the NM-1000 software developed by GA, the staff assessed the
methodology and precedures used to develop the software by reviewing the V&V
documentation through the development process.

Yerification ard validation are two ceparate but related activities performed
throughout the development of software. Verification is the process by which
to determine if the requirements of une pnase of the development cvcle have
been consistently, correctly, and completely transferred to the next phase of
the cycle (that is, to determine if the requirements have been fulfilled).

Validation is the testing of the final product to ensiure that performance
conforms to the requirerents of the initial specification. The need fYor V&V
arose because software is very compliex, and prone to human errors of omission,
commission, and interpretation. VAV provides for an independent verifier to
work in parallel wit:  but independent of, the development team to ensure that
human errors do not hiider the production of safety software that is reliable
and testabie.

In exscuting VEV, cercain principles have proven over time to be very
effective in suftware programs:

¢ Well defined systems requirements expressed in well written documents
0 Development methodology tu guide the production of software

o Comprehensive testing procedures

0 Independence of the V&Y team from the development organization
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These principles comprise the foundation from which to apply the applicable
criteria for software evaluations of (lass 1E safety systems. These
principals were used by the staff as guidance in the following review areas,

2.3.35 independence

lhe independence of the verifier is a key ingredient in an effective
verificaticen process. Sorrento Electronics developed the ariginal software
for the NM-1000. After GA obtained the rights to market the NM-1000 for
research reactors, it used a software consultant to modify the software.

After many changes had been made, GA hired another contractor. Each
contractor provided an additional level of independent review for the original
desiyn. Although the reguirements imply a concurrent review, the staff finds
that the verification has been sufficiently independent and is therefore
acceptable for research reactors.

2.3.4 Validation Testing

The validation testing must be done by a team that did not help design or
implement the software product. GA used the neutron monitoring system
accentance test procedure as part of the validation testing. The staff also
reviewed substantial additional validation testing performed at the AFRRI
facility. The staff did note a functiona)l description of unknown date which
included samples of th: computer code. Though the developers knew the
specific functions which the NM-1000 was to perform, these functions had never
been documented which allows pussibilities for omission when preparing test
procedures. Upon request from ths staff, GA provided functinnal specification
E117-1001 “"NM-1000 Software Functional Specification," (March 1989) which
lists in detail the functions nerformed by the NM-1000. This specification
included a system of cross reference by which the vendor verified that eaci
specific functional requirement *.ad been tested. The staff finds that this
testing and verification is acceplable,

2.3.%5 Discrepancy Resoluticn

Each VAV program should incluue a process by which to identify, record,
correct, and resolve discrepancies uncovered during development. The
resolution of a discrepancy must be reflected in all applicable documents,
including the source code, the software design specification, the sofiware
reauirements, and the original systems specification. The starf reviewed
discrepancies and other comments provided to GA by the Console Owners Group
and found that the process and resolution were documented and appeared
adequate. When discrepancies prompted GA to rodify the code, GA added to the
code notation @ description of *he changes and the corresponding rationale.
The staff finds that GA vsed acceptable meihods to resnlve discrepancizs.

The Jicensee prov'ded, at the staff’s request, a description of all of the
software changes that have occurred since the staff comnleted the GA review
and the configuration management -ontrol used to control the various changes
ant distributiuns. This information was prepared for UIUC by the vendor,
General Atomics. This information included changes made to provide customer
specific modifications, product improvement charjes, and safety related
changes (corrections). The licensee alsc provided information on six specific
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software changes for the UIUC instrumentation and contro)l system. For each of
the 21 changes, General Atomics described the requirement, provided the reason
for the change, described the solution selected, and assessed the impact on
safe operation., The staff has concluded that General Atomics has made
appropriate changes and has maintained the necessary configuraticn control.

2.3.6 Design Approach

The primary software specification provides the frundation for sound
development and effective VAV. The individual requirements in the
specification for any scfiware system describe the manner in which the
software is to behave in any circumstance. The specification must be reliable
and testable. A reliable specification exhibits the following
characteristics:

o Lorrect - Each requirement of the safely function has been stated

correctly.

Complete - A1l of the requirements for the safety function are included.

Consistent - The requirements are complementary and de not contradict each

other. .

0 Feasible - The requirement. can be satisfied with available technology.

0 Maintainable - The requirements vil]l be satisfied for the lifetime of the
eguipment.

O Accurate - Tie requirements include the acceptable bounds of operation.

OO

The staff reviewed the design aporeoach with GA. The early development is not
w21l documented because the product was sold to GA without all of the
supporting informatiun., Though the staff finds that the design apprcach for
the NM-1030 cince inception has been erictic, the staff finds acceptable the
recent developmental work and the design approach, because it appears to be
better uyrganized and controlled.

2.3.7 Software Evaluation

The software development plan for the NM-1000 indicates that GA developed the
sofiware for a very specific design goal and that the designcrs knew the
application and the basic reguirements for the hardware and sofiware.

However, GA did not develop a plan to specify the individual steps in the
design praject. To verify that each design requirement had been tested, GA
developea the NM-1000 software verification program E117-1002 "NM-1000
Software Verification Program" (March 1589). The staff also reviewed workiun
copies of the NM-1000 desigr input, which demonstrated that the design team
clearly understands the functional requirements., The staff concludes that the
software should perform its intended safety function as required.

2.3.8 Operator Task Analysis

in reviewing the documenis, the staff found that GA had not provided a formal
task analysis to support the desisn of the operator interface. After the
equipment and software were substantially designated, the functional
requivements and working level descripiions did include the operator task
requirements. The staff concluded that, through the V3V process, GA had
specified the requirements and incorporated them in the design. Therefore,
the task analysis is acceptable.




2.4 Startup Program

The licencee provided their startup routine for the digital control console.
Because of cpace 1'mitations, the new console will not operate in paraile)
with the old console. The stcrtu? routine describes a series of data runs for
natural circulation, forced circulation, small reactivity insertions, and
pulses. The data will be comparec to the data collected with the previous
analog control console. The staff concludes that the startup routine provides
adequate assurance that the new console will be propariy calibrated and,
therefore, is acceptable.

2.5 Operstor Training

The licensee provided a plan of training for the licensed reactor operators,
senior reactor operators, 4and reactor operator trainees concerning the new
console, The training will consist of 40 hours of details of the operation of
the console, the structure and operation of the NM-1000, NP-1000, and NPP-
1000, the software, the saftety circuits  and the computer systems. In
addition, GA will provide a one week hands on operation and maintenance course
during installation of the console. Each operator will gain experience
cperating the console in various modes of operation at different power leveis
with a GA operator present. The staff concludes that th. operator training
plan for the new digital console will provide operators with classroom and
hands on training and is, therefore, acceptable.

2.6 Changes to the Technical Specitications

The only change directiy related t¢ the installation of the digital control
system is the addition of the watchdog scram to the 1ist of minimum nunber of
reactor safety system chanrels in 15 3.5,

In addition, the licznsee has requested three cther changes to TS 3.5. The
first would remove a phrase that the reactor power level scram appiies to
power levels less than 50 kw(t) in the steady state mode of operation. This
ts incorrect., The power level scram is required at all times when the reactor

in steady statr mode aid square-wave mcde. The staff concludes that this
chanuge corrects an inconsistency in the 78 and is, therefore, acceptable.

A note in the TS concerning the startup count rate that expired on April 21,
1381 1s removed from the TS. The staff has determined that this change ‘s
editorial in nature and is therefore, acceptable.

The bases for the power level scrams states that the screms ave provided as
added protectior against abnormally high fuel temperatures and to assure that
the reator operation stays within the licensed limits., It is more accurate
to state that the scrams are provided as added protection against abnormally
high fue! temperature such that the reactor will scram before a safety limit
15 exceeded as discussed in the Safety Analysis Report. The staff concludes
that this change more accurate’y describes the bases for the TS and is,
tharefore, acceptabie.



3.0 ENVIRONMENTAL CONSIDERATION

This ameadment invoives changes in the installation or use of faciiity
compoient. Tocated within the restricted ar2a as defined in 10 CFR Part 20 and
changes in inspection and surveiilance requirements. The staff has determiied
that the amendment invoives no significant increase in the amounts, and no
significent change in ‘he types, of ar, effluents that may be released
offsite, and there is no significant increase in individual or cumilative
orcupational vadiation exposure. Accordingly, this amendmen® meets the
eligibility criteria for categorical exclvsion set forth in 10 CFR
$1.%2(¢)(9). Thi: amendment also involves changes in recordkeeping,
reporting, or administrative procedures or requirements. Accoruingly, with
respact to these items, the umendment meets tue eligibility criteria for
categorica: exclusion set forth in 10 CFR 51.22(¢)(10). Pursuant to 10 CFR
§1.22(L), no Environmental Impact Statement or tnvironmental Assessment need
be prepared in connection with the issance of this amendment.

4.0 CONCLUSION

The staff -oncludes that the hardware design of the new GA console is
acceptalle for use in the UIUC Advanced TRIGA Research Reactor. The software
design in the CSC, DAC and NM-1000 will not prevent the safety functions of
the hardwired scram circuit from performiag and is therefore acceptable.

The staff has also conciwled, based on the consiuerations discussed above,
that: (1) because the amendment does net invelvse a significant increase in
the prouability or consequences of accidents previously evaluated, or create
the pussibility of a new or different kind of accident from any accident
previously evaluated, and does not invoive a significant reduction in a margin
of <afety, the amendment dues not involve a significant hazards consideration.
{2} there is reasonable assurance that the health ana safety of the public
will not be endangered by the proposed activities, and (I) such activities
will be conducted in compliance with the fommission's reguletions and the
issuance of this amendment will nnt ve inimical to the common defense and
security or the health and sefety of the public.

Prircipal Contmbutors: J. Stewart
A. Adams, Jr.

vat2: Pebruary 16, 1993



