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Introduction

1988 began with expectations that the new facility instrumentation would be
placed in an operational status. The new microprocessor based
instrumentation and control system, developed by General Atomics, arrived at
AFRRI and began undergoing pre-insiallation check cut and testing., The year
included some notes of frustration, however. Continuing software problems
prevented the installation of the new console.

In October 1988 a concerned employee raised allegations of violations of
procedures, technical specifications, parts of the Code of Federal Regulations,
and other items not related to reactor operations. An internal investigation
by the Defense Nuclear Agency Inspector General (DNAIG) found that the
majority of the allegations were unsubstantiated and were based on
differences of interpreiation and understanding of rules and regulations
between the concerned employee and management. However, based on a
recommendation made by the DNAIG team, a thorough, exhaustive review of all
reactor operational procedures was conducted, resulting in many changes that
greatly benefitted the facility. Because of safety concerns, the employee was
temporarily removed from the reactor area. Following a complaint to the
Department of Labor (DoL) by this employee, the DoL found that management
had discriminated against this employee. In a response to the Dol,
management disagreed with the Dol determination, but complied with the Dol
recommendation and the employee was returned to the reactor staff in
December 1988, Management still had serious safety concerns and engaged an
industrial psychologist to work with the reactor staff members to ease

tensions and improve communication.

The Reactor facility was inspected by the U. S. Nuclear Regulatory Commission
(USNRC) during 26-28 Oct 1988 and 7 Nov 1988 (USNRC Report 50-170/88-04).
The results of this inspection coupled with the findings by the Reactor
Facility Director (RFD) during a subsequent internal audit resulted in the RFD
placing the reactor in a non-operational status on 16 Dec 1988. This
non-operational status allowed time for an intense review and mudification of
existing procedures as well as time for a thorough procedural training
exercise for all SROs.

AFRRI hosted a very successful National meeting of the TRIGA Owners and
Users Association in early spring.

Changes made to the reactor facility necessitated the development of
documents which described each modification and its applicability under 10
CFR part 50.59. These included the new microprocessor based instrumentation
and control system and several other facility modifications. Each of these
changes was supported by the required safety review process. These changes
are elaborated upon in Section V of this report.
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One Senior Reactor Operator (SRO) was added to the staff during CY 1988
along with two trainees. One SRO departed during the year. Requests from
non-AFRRI investigators to use the reactor facility continued to supplement
the substantial in-house experimental workload. These experimenters included
representatives from the National Institutes of Health (NIH), Federal Bureau of
Investigation (FBI), and the National Institute of Standards and Technology
(NIST). Again this year the reactor staff was tasked to provide personnel to
assist in conducting Department of the Army Inspector General (DAIG)
inspections of the Fast Burst Reactor at White Sands Missile Range, New Mexico
and the Fast Burst Reactor at Aberdeen Proving Grounds, Maryland.

A\ new charter for the Reactor and Radiation Facility Safety Committee (RRFSC)
was approved., This charter, as shown in Attachment A to this report, details

the functions and responsibilities of the RRFSC,

Two License Event Reports (LER) were submiited to the USNRC during the
calender vear. Positive steps were implemented to prevent further
occurrences of the events detailed in these LERs in Attachment D to this
report.

The remainder of this report is written in a format to include notification
items required by the AFRRI TRIGA Reactor Technical Specifications. Items not
specifically required but of a general informational value are presented in the
General Information section. Each section following the general information
corresponds to the required section as listed in Section 6.6.1.b of the AFRRI
TRIGA Reactor Technical Specifications.
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General Information

All personnel listed held their positions as listed throughout the entire year
unless otherwise specified.

1, Current key AFRRI personnel (as of 31 Dec 1988) are as follows:

Director - Col Gecrge W. Irving, 1II, BSC, USAF
Scientific Director - Capt Richard Walker, MSC, USN
(position vacant since 8 Aug 1988)
Chairman, Radiation Sources Department - Mr. Mark Moore (SRO)
Manager, Radiation Sources Program - MAJ Leonard A. Alt (SRO)
Chairiman, Safety and Health Department - Mr., Douglas Ashby
(effective 4 Dec 1988)

2 Current key Reactor Operations Personnel:

Reactor Facility Director -~ Mr. Mark Moore (SRO)

Chief, Reactor Division - MAJ James R. Felty (SRO)

Reactor Operations Supervisor - Capt Kenneth Rodgdon (SRO)
(appointment terminated 24 Aug 1988)

Reactor Operations Supervisor - MAJ James R. Fellty (SRO) |
(appointment effective 24 Aug 1988)

Asst Reactor Division Chief - Ms Wendy Ting (SRO, effective 23 Aug 1988)

Training Coordinator - SFC Gary F. Talkington (SRO)

Procurement Coordinator - SFC Philip Cartwright (SRO)

Maintensnce Coordinator - SFC Wayne Reed (SRO)

Nuclear Engineer - Ms Angela Munno (SRO)

Research Physicist - Dr. Jen Shu Hsieh

3. Other personnel:
Senior Reactor Operator - MAJ Leonard A. Alt
Senior Reactor Operator - SFC Stephen Holmes |
Ser ior Reactor Operator Candidates: |
CPT Philip Mattson |
Mr. Robert George (effective 26 Sep 1988) |
Mr. Boris Stallings (effective 22 Dec 1988)
4. Departures during CY 1988:

Capt Kenneth Hodgdon (SRO License terminated 1 Sep 88)
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b, There were changes to the RRFSC during the 1988 calendar year. Dr.
Naresh Chawla was replaced (26 Apr 1988) by Mr. Thomas O'Brien, as Acting
Chairman of the Safety and Health Department (SHD), who later was replaced
(5 Dec 1988) by Mr. Douglas Ashby when he assumed the chairmanship of the
Safety and Health Department (SHD) during the calendar year. Dr. Frank
Munno resigned (5 Oct 1988) from the committee and was replaced by Dr.
Marcus Voth, Pennsylvania State University. Mr. John Misner, ORI
Incorporated, was appointed (18 Dec 1987) as a Special Member to study the
software for the new digital reactor console.

The new charter for the RRFSC is enclosed as Attachment A to this

report.

The 1988 RRFS™ consisted of the following membership to satisfy the
Reactor Technical Specifications:

Chairman - CAPT Richard [. Walker (former Deputy Director, AFRRI)

Regular Members

Mr. Douglas Ashby (Chairman, Safety and Health Dept., AFRRI)

Mr. Mark Moore (Chairman, Radiation Sources Dept. and Reactor
Facility Director, AFRRI)

Dr. Marcus Voth (Director, Pennsylvania State University
Breazeale Reactor and Professor of Nuclear Engineering,
Pennsylvania State University)

(appointment effective 5 Oct 1988)
Mr. Jathan W, Stone (Head, Safety Directorate,
Naval Research Labs)

MAJ David P. Alberth (Radiation Safety Officer, Uniformed

Services University of the Health Sciences)

Special Members
CDR Gary H. Zeman (Chairman, MRA, AFRRI)
Mr. John Misner (ORI Incorporated)

Observer
Mr. John Menke (EPA, Montgomery County, MD)

26 Apr 1988
26 May 1988
19 O~t 1988

Meetings of the RRFSC were held on:
|
|
|
15 Dec 1988 |

|

AFRRI TRIGA Reactor Facility Page 6



1988 ANNU AL RE}

Section 1

Changes to the facility design, performance characteristics, operating
procedures, and results of surveillance testing.

DESIGN CHANGES

A number of facility design changes were completed during CY 1988,
These changes are discussed in more detail in Section V and
Attachment ¢ to this report.

PERFORMANCE CHARACTERISTICS
There were no changes in the performance characteristice during the

calender year.

OPERATIONAL PROCEDURES

During the vear, numerous changes were made to the Operational
Procedures. A complete set of the revised operational procedures as of
15 Dec 1988 is at Attachment B to this report. Through the brief
summary of changes listed below, the 1988 operational procedural
evolutions can be traced.

Change 1
Procedure VIII - Tab B: _aily Operational Start-up Checklist

Procedure VIII - Tab B1l: Daily Sufety Checklist
(RRFSC Meeting - 26 April 1988)

Change:
1. Remove Item 1.7 - "Gas Stack Monitor(SGM) & Cooling Air

Blower Off". The old SGM was replaced by the new SGM
and this air blower was no longer being used.

2. Reword Item VI.7.c - ""Gas Stack Monitor High Alarm set to .."

Changed from "1.5 E3" to "800 MPC Ar-41"

Based on calibration factors for the SGM system, the
instrument setpoint changed for each calibration. However,
the 800 MPC Ar-41 requirement does not change. This change
provides procedural consistency.

Change 2
Procedure VIIi - Tab I: Daily Operational Shutdown Checklist

(RRFSC Meeting - 26 April 1988)

Change:
Remove Item VI.10 - "Coffee Pot Off"
The coffee pot is no longer in the reactor area.
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AFRRI TRICA Reactor Facility

Change 3
Procedure VI - Emergency Procedures
(RRFSC Meeting - 26 April 1988)

Change:
Reword Item l.c
"EAS Commander" to ERT Commander"”
Changed for consistency with the new Emergency Plan.

Change 4
Procedure VIII - Tab F: Square Wave Operation (Mode II)

(RRFSC Meeting - 26 April 1988)

Change:

Section 2.b has been elaborated upon to elucidate the procedure

required to perform a Square Wave Operation when the TRANS
rod is needed to achieve initial criticality.

Change 5
Procedure 1 = Tab A: Reactor Exposure Room Entry Procedure

(RRFSC Meeting - 26 April 1988)

Changes:
1. Item l.c.(2) changed to add the requirement for wrist
dosimetry to enter the exposure rooms.
2. Change Item 5.d to delete the phrase "and re-secure yvellow
area, if necessary"'. A yellow area painted on the floor was
no longer being used as a restricted area because the entire

Prep Area was now secured.

Change 6
Procedure VIII - Tab G: Pulse Operation (Mode III)
(RRFSC Meeting - 19 Oct 1988)

Change:
Item 12 Removed: "Select proper pulse detector according to
table below"”. This was a radundant line.
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Change 10
;rocedure 1 - Tab A - Rerctor Exposure Room Entry Procedure

(RRFSC Meeting - 15 Dec 1988)

Changes:

Deleted from first 1 * of Item 2.b the phrase "and Head,
Safety and Health Department or his representativ . The
RFD alone is responsible for granting access to these areas.
Changed department title in Item 2.b from "Head SHD" to
"Chairman, Safety and Health Department (SHD)". This was
done to correc’ a .isnomer.

The remaining correction to Item 2.b clarified on Prep Area
entry status, required personnel listings, 2d special entry
con litions.

ltem 2.c.(2) was clarified to mean "AFRRI TLD Whole Body
badge'.

[tem 2.c.(%) was clarified to include "data obtained" as

part of the informatidbn available before ER entry.

Item 3.b was modified to address exposure room openings in a
more general manner, but without decreasing safety concerns.
Additional entry survey areas were added to Item 3.c.

Item 3.c was clarified to address accessible areas and
extended stav time for personnel entering the exposure rooms.
[tem 5.b was modified to address the case of a

non-monitored opening.

10, Item 6.e was reworded to make a technically correct

statement,

11, Item 7.c was entirely rewritten to more adequately detail the

procedure.

12. Item 8.a was expanded to include conditions when the

warning horn in the exposure rooms is disconnected.
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Change 11
Procedure I - Tab B: Core Experiment Tube (CET)

(RRFSC Meeting - .5 Dec 1988)

Changes:
1. 'tem 1.1 and Item 4.i were modifizd to ensure that the reactor

core pegboard is kept current.

2, Item 2.e and Item 4.c were modified to ensure that the reactor
operator is aware of reactivity changes.

3. Item 3.a clarifies the personnel dosimetry requirements during

retrieval of samples from the core.
1. The procedure for sample withdrawal from the CET with
respect to radiation levels was clarified in Item 3.i.

Change 12
Procedure 1 - Tab E: In-Pool/In-Core Experiments
(RRFSC Meeting - 15 Dec 1988)

Change:
The following line was added "Ensure that a member of the
reacte’ staff and a SHD representative are present during the
removal of samples from in-pool and in-ccre locations”.
This insured Health Physics monitoring of sample removal,

Change 13
Procedure V - Physical Security
(RRFSC Meeting - 15 Dec 1988)

Change:
The requirement to lock the reactor room during prolonged
absences was audded.

Change 14
Procedure VI - Emergency Procedures

(RRFSC Meeting - 15 Dec 1988)

(‘hange:
Item 2.b reworded to state "Secure any exposure facility which
are in use so that personnel access to that facility is not
possible". This allowed the reactor staff to adequately secure
the facility and evacuate the building more rapidly.
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Change 15

Procedure VIII - Reactor Operations
(RRFSC Meeting - 15 Dec 1988)

Changes:

1. Item 2 now provides the rationale for performing a Daily
Safety Checklist.

2. Item 3 requires that the SRO-on-call be annotated at the top
each page in the operations logbook.

3. Item 7 requ. es that Daily Operational Shutdown Checklist be
performed : .he end of each day in which a Daily Operational
Startup Checklist or a Daily Safety Checklist has been
performed.

Change 16
Procedure VIII - Tab A: Logbook Entry Checklist

Change:
The following line was added to Item 4.a: "The operator in
charge will be designated in the logbook whenever multiple
operators are signed on the console”.

Change 17
Procedure VIII - Tab I: Daily Operational Shutdown Checklist

Change:
Items V1.7 and V1.9 were reworded to be grammically similar to

other items in the same section. No performance standards were
changed.

D. SURVEILLANCE TESTING
All surveillance items were accomplished on time. Malfunctions
discovered during operations are discussed in Section IV,
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Section 11

Energy generated by current reactor core

MONTH kWHr
JAN 2756.4
FEB 6610.1
APR 1665.7
MAY 2362.7
JUN 5620.2
JUL 3030.2
AUG 20983.9
SEP 2112.4
i 1433.5
NOV 1736.9
DEC _255.1
Total 31971.7
Total energy generated this year 31971.7 kWHr
Total energy on thie core 629716.2 kWHr
Total pulses this year > $2.00 211
Total pulses on this core > $2.00 4093

Section III
Unscheduled shutdowns

There were no unscheduled shutdowns during this reporting period.
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Section IV

1988 AN} AL Rl

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 unit to its proper operational status.

7 Jan 88

13-14 Jan 88

1-2 Feb 88

+-5 Feb 88

AFRRI TRIGA Reactor

Problem: While securing the Core Experiment Tube into
storage position S-6, the bulk water temperature
connecting wire was knocked loose.

Solution: The wire was repaired. The system was tested

and found to be operational.

Problem: The meter of the NV/NVT circuit was indicting
a false reading when the left-hand corsole drawer was
moved (opened/closed).

Solution: A connector to the NV/NVT circuit board was
replaced. The NV/NVT system was calibrated/tested and
found to be operational.

Problem: The Square Wave mode of operation was found
to be non-operational during testing.

Solution: Investigation showed that a blown fuse was the
problem. The fuse was replaced. The system was tested
and found to be operational.

Problem: Air was slowly leaking from the primary
compressor that supplied compressed air to the Transient
rod air system.

Solution; A loose bearing was found to be the cause of
the leaking air. While this bearing ‘vas replaced, the air
supply was temporarily switched to .-+ hack-up
compressor system. After the bearin, was replaced and
tested, the air supply was returned to '*« primary
compressor. The air system was testec .our leakage and
was found to be functioning properly.

Facility Page 14



6 May 88

2 Aug 88

10 Aug 88

Problem: During a routine pulsing operation, the console
indicated that the Transient rod did not SCRAM after the
pulse. The console also indicated that the remaining
rods had SCRAMmed, leaving the reactor in a subcritical
condition.

Solution: A preliminary investigation showed that the
Transient rod did SCRAM following the pulge operation.
The SCRAM function was fully operational. However,
further investigation showed that the wiper arm of the
rod down microswitch was broken. The microswitch was
replaced. The Transient rod system was tested and
found to be operational,

Problem: The low level alarm light on the Stack Gas
Monitor became illuminated. Although no operations were
currently being conducted, further operations were
auministratively prohibited.

Solution: The circuit boards were removed and
re-seated. The system was reinitialized, tested, and
found to be operational.

Problem: During the Daily Operational Start-up, Remote
Area Monitor E-3 was found to be non-operable. Proper
exposure levels were indicated but the monitor failed in
the alarm test position.

Solution: RAM E-3 was replaced by another calibrated
RAM. Prior to any operations or openings of Exposure
Room 1, the system was tested and found to be
operational.
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29-30 Nov 88
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Problem: During monthly maintenance checks, the air
dampers in the ventilation system failed to function
no:mally, i.e., the dampers did not open.

soiuvion: Upon investigation, a solenoid that supplied
air to open the dampers was rot operational. Air
pressure to the solenoid was checked. The air lines to
the dampers were bled and the damper mechanisms were
lubricated. Upon the reapplication of air, the system
was tested and found to be operational.

Problem: The Stack Gas Monitor (SGM) was turnead off
for replacement of the CPU board with a newer version
supplied by the manufacturer. The CPU board was
replaced. A QA test was performed and the system was
found to be operational. However, the printer printed
constantly without stopping.

Solution: Notified the manufacturing representative in

c: der to fix the printing problem. They stated that this
was a minor software problem which in no way affected
the monitoring capability or operability of the SGM. The
programmable ROM chips were replaced. The printer was
tested and functioned properly. The SGM was
reinitialized, tested and found to be operational.
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Section V
Facility change: aanges to procedures, and new experiments

A. The 10 CFR 50.59 safety reviews of; the new reactor instrumentation and
control system, the warning lights in the control room from the Primary
Continuous Air Monitor and the Stack Gas Monitor system and the Cerenkov
detector, and t%e digital voltmeter are included as in Attachment C to this

report.

B. A safety review was also performed concerning the relocation of the
Equipment Room 3152 roof hatch, as shown in Attachment C to this report.
Movement of the roof hatch served to improve the drainage on the reactor
roof. In addition, the main door entrance to the reactor facility is being
moved outward so that the door to Equipment Room 3152 falls inside the main
door entrance to the reactor facility, Also, the ceiling above the relocated
doorway is lined with wire mesh to further enhance the reactor physical
security, The work on the relocation of the main door entrance to the reactor
facility is still in progrese and is expected to be completed by the end of
1989. The safety reviews performed on these two facility modifications showed
that no unreviewed safety question existed.

C. A complete set of revised Operating Procedures is included as Attachm: at
B to this report.

D. The new experiment performed during CY 1988 is covered in
Attachment E.

Section VI
Summary of safety evaluation changes not submitted to NRC pursuant to
10 CFR 50.59

Attachment C satisfies the requirements of this section. Each modification
is described and the basis for the conclusion that each change involves no
unreviewed safety question, and that there are no changes to the Technical
Specifications, has been provided.

The additional modification concerning the movement of the Equipment
Room 3152 roof hatch, addressed in Section V, is not included in the SAR nor
the Technical Specifications. Neither is it required for the safe operation of
the reactor. However an analysis was performed and shows that no
unreviewed safety questions exists.

License Event Reports are included as Attachment D to this report.
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Section Vil
Summary of radioactive effluent released

A. Liquid Waste - The reactor has produced no liquid waste during CY 1988,

B. Gaseous Waste - There were no particulate discharges in CY 1988. The
total Argon-41 discharges in CY 1988 was 9.145 Ci.

C. Solid Waste - All solid material was transferred to the AFRRI byproduct
license: none was disposed under the R-84 license.

Section VIII
Environmental radiological survevs

A, The environmental sampling of soil, water, and plant growth reported
radionuclide leveis that were not demonstrable above the normal range. The
radionuclides that were detected were those normally expected from natural
background and from long-term failout,

B. The environmental monitoring (dosimetry) program reported the following
results for CY 1988:

1. The average background of about 20 Thermoluminescent dosimeters
(TLD) located within a 15 mile radius from the AFRRI site was determined to
be 99.49 +/- 3.80 milliREM.

2. The average reading of approximately 30 environmental stations
located on the AFRRI site from background was determined to be (-5.42 +/-
2.05) milliREM.

3. The single highest environmental station reading was (15.72 +/- 19.31)
milliREM above background.

4. The above results are expressed at a 95% confidence level.
C. The in-plant surveys, including analysis of effluent filters, showed no
measurable a tivity (except as reported in Section VII) in all areas outside the

normal restricied~access areas.

D. There were no special environmental studies conducted during this year.
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Exposures greater than 25% of 10 CFR 20 limits

There were no exposures to staff or visitors greater than 25% of 10 CFR 20
limits.

1
!
k|
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CHARTER FOR THE ARMED FORCES RADIOBIOLOGY RA&PPB@Y/ r 8

REACTOR AND RADIATION FACILITY SAFETY COMMITTEE

I. INTRODUCTION:

This Charter governs the Armed Forces Radiobiology Research Institute's (AFR'tI's)
Reactor and Radiation Facility Safety Committee (RRFSC). The charter codifies
the requirements of the AFRRI TRIGA Reactor Technical Specifications, complies
with descriptions in the Safety Analysis Report for ARRI TRIGA Mark-F Reactor,
and adheres to the guidelines contained in American National Standard Institute
(ANSI)/ American Nuclear Society (ANS) Standard 15.1-1982. In the execution of
the duties and functions pres-.ic>d by Department of Defense Directive number
5105.33 (Subject: Armed Fuz . Radiobiology Research Institute, dated 25 NOV 87),
the AFRRI Director is the  nonent for this charter and is the sole authority for
changes to or deviations from this document.

II. PURPOSE and AUTHORITY:

The RRFSC is directly responsible to the AFRRI Director. The committee reviews
items that could affect the radiological health and safety aspects of facility
operations and makes recommendations to the AFRRI Director concerning the
following sources at the Institute:

TRIGA Reactor

LINEAR Accelerator

Cobalt Facility

Theratron Facility

X-Ray Facility

Other radiation sources as designated by the AFRRI Director.

The committee's review oversight includes: The physical facilities, the planned
operations, and the qualifications (f supervisory and operating personnel which relate
to the safety of the Institute, its staff, the public, and the environment. The
RRFSC discharges its principel responsibility of broad oversight of the Institute'’s
radiation sources health and safety issues through the review of studies and reports
prepared by the staff of the Radiation Sources Department and Safety and Health
Department, and by commissioning periodic external audits of key operations.

Additionally, the RRFSC advises the Reactor Facility Director, the Radiation
Sources Department Chairman, and the Safety and Health Department Chairman in
those functional areas specified in section V of this document.

1II. COMPOSITION OF COMMITTEE, QUALIFICATIONS AND TERMS OF
SERVICE:

A. Comumittee Chairman, as appointed from the AFRRI Directorate by the
AFRRI Director. Term as appointed by AFRRI Director.

B. Reactor Facility Director. Permanent with position.

—————Qi
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Radiation Sources Department Chairman (if different from Reactor Facility
Director). Permanent with position.

Safety and Health Department Chairman. Permanent with position.

One to three non-AFRRI members, appointed by the AFRRI Director, who
are knowledgeable in fields related to reactor safety. At least one shall be
a Reactor Operations Specialist, or a Health Physics Specialist. Annual
term, renewable by AFRRI Director’'s appointment.

Special RRFSC Members (Temporary Members):

5. Other knowledgeable persons to serve as alternates for those
in paragraph III.D., as appointed by the AFRRI Director.
Temporary, for duration specified by AFRRI Director.

2. Voting ad_hoc members, invited by the AFRRI Director, to
assist in review of a particular problem. Temporary, for
duration specified by AFRRI Director.

3. Mon-voting members as invited by the RRFSC Chairman.
Temporary, as indicated by RRFSC Chairman.

The minimum qualifications for a person on the RRFSC shall be 6 years of
professional experience in the discipline or specific field represented. A
baccalaureate degree may fulfill 4 years of experience.

IV. MEETINGS and RULES:

A.

Special Members (Alternates)

Alternate members may be appointed in writing by the RRFSC Clairman
to serve on & temporary basis. No more than two alternates shall
participate on a voting basis in RRFSC activities at any one time.

Meeting Frequency

The RRFSC, or & subcommittee thereof, shall meet at least four times a
calendar year. The full RRFSC shall meet at least semi-annually.

Quorum

A quorum of the RRFSC for review shall consist of the Chairman (or
designated alternate) and two other members (or alternate members), one of
which must be s non-AFRRI member. A majority of those present shall
be regular members.

Voting Rules

Each regular RRFSC member shall have one vote. Each special appointed
member shall have one vote. The majority is 51% or more of the regular
and special members present and voting.




Minutes

Minutes of the previous meeting shall be available to regular members at
least 1 week before a regular scheduled meeting.

Subcommittee

An RRFSC Subcommittee will consist of the regular RRFSC Chairman (or
his designated substitute), one other permanent member, and selected
speciil members as designated by the regular RRFSC Chrirman. No more
than fifty percent of the voting attendees may be special (temporary)
memoers or alternate members.

FUNCTIONS:
A. REVIEW OF REACTOR OPERATIONS

The RRFSC shall review the items specified at sub-paragraphs 1 through
10 below, and will concur or non-concur with the findings of the Reactor
Facility Director that the items present no hazard to the public health and
safety. The review will normally occur at the first meeting following the
implementation of actions for which the Reactor Facility Director has
determined that no upveviewed safety questions exist, and prior to
implementation of actious for which the Reactor Facility Director has
determined ihat an r.areviewed safety o estion exists.

A written report or minutes of the findings and recommendations will be
submitted to the AFRRI Director in a timely manner after the review has
been completed.

1.  Safety evaluations for (1) changes to procedures, equipment, or
systems and (2) tests or experiments conducted within NRC approval
under proviiions of Section 50.50 of 10 CFR Part 50, to verify that
such actions did not constitute an unreviewed safety question.

2. Changes to procedures, equipment, or systems that change the original
intent or use, and are non-conservative, or those that involve an
unrev.ewed safety question as defined in Section 50.59 of 10 CFR Part
50.

3 Additions and modification to, and testing procedures for, SAR stated
systems including the ventilation system, the core and its associated
support structure, the pool, coolant system, the rod drive mechanism,
or the reactor safety system; unless the additions and modifications
are made and tested to the specifications to which the systems were
originally decigned and fabricated.

4. New experiments of a type for which previous authorization has not
been granted, for radiological safety, prior to issuance of a reactor
authorization.

5. Proposed tests or experiments that are significantly different from
previously approved tests or experiments, or those that might iavolve




an unreviewed safety question as defined in Section 50.59 of 10 CFR
Part 50.

8. Proposed changes in technical specifications, the Safety Analysis
Report, or other license conditions.

-3

Violations of applicable statutes, codes, regulations, orders, technical
specifications, license requirements, or of internal procedures or
instructions having nuclear safety significance.

8.  Significant variations from normal and expected performance of facility
equipment that might affect nuclear safety.

9. Events that have been reportrd to the NRC.
10. Audit reports of the reactor facility operations.
BR. AUDIT OF REACTOR OPERATIONS

Audits of reactor facility activities shall be performed under the cognizance
of the RRFSC, but in no case by the personnel responsible for the item audited,
annually not to exceed 15 months. A report of the findings and recommendations
resulting from the audit shall be submitted to the AFRRI Director within three
months after the audit has been completed. Audits may be performed by one
individual who need not be an RRFSC member. These audits shall examine the
operating records and the conduct of operations, and shall encompass the following:
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1. Conformance of facility operation to the Technical Specifications and
the license.

Performance, training, and qualifications of the reactor facility
operations staff.

3. Results of all actions taken to correct deficiencies occurring in facility
equipment, structures, systems, or methods of operations that affect
safety.

\
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4. Facility emergency plan and implementing procedures.
5. Facility security plan and implementing procedures.

6. Any other area of Facility operations considered appropriste by the

RRFSC or the AFRRI Director.

7. Reactor Facility ALARA Program. This program may be a section of
the total AFRRI program.

C. REVIEW OF OTHER RADIATION FACILITIES OPERATIONS:

The RRFSC shall review the items specified at sub-paragraphs 1 through 7
below and will concur or non-concur with the findings of the Radiation Sources
Department Chairman that the items present no hazard to the public health and
safety. The review will normally occur at the first meeting following the




implementation of actions for which the Radiation Sc¢  ‘es Department Chairman
has determined that no unreviewed safety questions ex i, and prior to
implementation of actions for which the Radiation Sources Department Chairman
has determined that an unreviewed safety question exists.

A written report or minutes of the findings and recommendations will be
submitted to the AFRRI Director in a timely manner after the review has been
completed.

1. Changes to routine authorized irradiations or procedures with respect
to personnel safety for the linear accelerator, cobalt-80 facility,
theratron, and other non-reactor major radiation sources.

3. Qualifications of new source operators, for compliance with appropriate
regulations and guidelines governing training for operations of a
particular source.

3. Proposed amendments to any USNRC Licenses governing the use of
the other sources.

4. Violations of application statutes, codes, regulations, orders, license
requirements, or of internal procedures or instructions having nuclear
safety significance.

5.  Significant variations from normal and expected performance of facility
equipment that might affect nuclear safety.

6. Events that have been reported to the NRC.

- A Audit reports of facility operations.

V1. REFERENCES:

a. Technical Specifications for the AFRRI Reactor Facilitr, Docket 50-170,
License R-84, June 1084.

b. Safety Analysis Report for AFRRI TRIGA Mark-F Reactor, June 1987, 3
|
¢. American National Standards Institute/American Nuclear Society Standard

15.1-1082, The Development of Technical Specifications for Research
Reactors, September 1082,
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PROCEDURE 0 PROCEDURE CHANGES

General: This establishes procedures for permanently or temporarily changing
reactor operating procedures,

Specifin:

1. Permanent changes are made by revising the entire procedure. The
revised procedures will be approved by the Reactor Facility Director (RFD)
and reviewed by the Reactor and Radiation Facility Safety Committee (RRFSC).

2. Temporary changes may be made in pen and ink on the current
procedure when initialed by the RFD or Reactor Operations Supervisor (ROS),
These changes must be documented and subsequently reviewed by the RRFSC
at the next scheduled meeting.

3. Temporary procedures may be established by the RFD for a specific
situation.

4. All procedures (temporary or permanent) will have an initial block for all
operators and reactor staff members. When the initial block i8 completed, the
procedure will be placed in the Reactor Operation Binder and kept available
for operator review,

-

5, If the entire book of procedures is reviewed, a single signature block on a
title page will substitute for individual review.
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PROCEDURE I CONDUCT OF EXPERIMENTS

General:

1. All experiments will be observed during irradiation with the exception
of CET experiments or those in which no movement is possible. The
closed~-circuit televisions (CCTV'’s) in the exposure rooms and over the reactor
pool can be used to meet this requirement.

2. All experiments will be set up so as to preclude movement unless the
experiment apparatus is designed for movement (such as rotators, etc.).

3. The Reactor Staff will conduct a thorough inspection of all experiments

to determine that no unauthorized materials, items or substances, or equipment

are irradiated.
4. ALARA will be practiced during all experiments.

Specific:

1. Experiment Review (Processing of Reactor Use Request (RUR)):

a. Check RUR for completeness (Section [ should be filled out).

b, Check experiment protocol against reactor authorizations. Assign
t2actor authorization number.

¢. Fill=in Section II of RUR with special instructions, as appropriate.
Assign RUR sequence number. Write in estimated or measured experiment
worth and the core position of the experiment facility to be utilized in the
appropriate block (lower left-hand corner of form).

d. Have the Reactor Facility Director (RFD), acting RFD, or Reactor
Operations Supervisor (ROS) review and sign the form.

e, Forward the RUR to the Military Requirements & Applications
Department, Operational Dosimetry Division (MRAD) and the Safety & Health
Department (SHD) for coordination.

f. Ensure the RUR form i returned prior to irradiation.

2. Conduct of Experiments. Perform setup and irradiation of experiments
in accordance with the following procedures:
a. Exposure Room Entry - TAB A.
b, Core Experiment Tube (CET) - TAB B.
c. Extractor System - TAB C.
d. Pneumatic Transfer System (PTS) - TAB D.
e, In=-pool/In-core Experiments - TAB E,

3. Complete the RUR by filling out Section IV with the appropriate
information.

4. Attach form to clipboard in the control room.
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TAB A: REACTOR EXPOSURE ROOM ENTRY PROCEDURE

1. REFERENCES
a. 10 CFR 20, "Standards for Protection Against Radiation”
b. USNRC licenses: R-84, 19-0£330-02
¢. AFRRI Radiological Safety Instructions

2. GENERAL

a. PURPOSE: This procedure specifies all safety and security procedures
for activities involving entry into the AFRRI TRIGA Reactor exposure rooms,
currently designated exposure rooms | and 2 (rooms 1123 and 1122).

b. AUTHORIZED ENTRY: Both green and orange badged personnel, may
enter a reactor expusure room under the supervision of the Reactor Facility
Director (RFD) or his representative. Visiting personnel (V badge) require
special authorization by both the Chairman, Safety and Health Department
(SHD) and RFD to enter either exposure room. In general, permission to enter
the exposure rooms will be granted personnel whose duties require such
entry, however permission may be denied to personnel for serious or repeated
safety or security violations, or for safety reasons emanating from conditions
in the exposure rooms themselves. All personnel who are granted either
escorted or unescorted access to the prep area or warm storage will receive a
special prep area safety briefing prior to being granted access. Only
personnel who have been granted unescorted acceses will be given the
combination to the prep area or warm storage. The RFD is responsible for
maintaining two seperate rosters in the prep area: one roster for personnel
who have been granted unescorted access, and one roster for personnel who
have been granted escorted access. Other personnel requiring unescorted
access to the prep area or warm storage for a specific purpose or time period

may be granted special accees in writing by the RFD with concurrence of SHD.

However, these personnel who are granted specical access from the RFD will
not be given the combination to the prep area.
c. ER ENTRY INSTRUCTIONS - All personnel will:

(1) Know the Reactor staff representative is in charge of all
operations in the prep area. Obtain permission to enter either exposure room
from the Reactor staff representative.

(2) Wear AFRRI TLD whole body badge, wrist dosimeter, and pocket
dosimeter,

(3) Wear booties, eye protection, gloves and coat.

(4) Check and log pocket dosimeter reading on log in prep area prior
to entry.
(5) Familiarize themselves with approximate radiation levels in the
room, based on radiological surveys performed and data obtained by SHD.

(8) Ensure that all materials removed from the exposure room are
properly labeled and entered on the exposure room entry log AFRRI FORM 130
(enclosure 2 of this procedure), and the activated materials control log.

(7) Glove and coat requirements may be waived, by the Reactor




Representative on an individual basis. for personnel who will not be touching
anything in the exposure room. There must be a specific reason for waiving
such requirements)

d. DEPARTURE FROM REACTOR EXPOSURE ROOM ENTRY PROCEDURES: Any
departure from the following procedures wiil require a special work permit
(SWP). Exceeding any radiation dvuse limits will require a written justification
from the supervisor of the research project which must be approved by the
Head, SHD.

3. SHD EXPOSURE ROOM SURVEY

a. EXPOSURE ROOM CAM: Prior to opening either exposure room, the
respective CAM must read 2000 cpm or less, above background. If the CAM
reads 2000 cpm or greater above background, change the filter of the CAM,

[f 10 minutes or more have lapsed since the end of the reactor run, the door
may be opened to the first step to facilitate radioeffluent clearance in the
room. Then check the CAM after 1 minute and if the reading is below 2000
cpm above background, proceed with the exposure room opening. If its above,
change the filter and wait another minute, If the CAM alarms during or
immediately after a run, change the filter and reset the CAM,

b. DOSE RATE AT FACE OF DOOR: If the dose rate at the face of the plug
door in the direct line of sight of the reactor tank bulge reads greater than
100 mr/hr, the door will be closed sufficiently to preclude access. The plug
door will be reopened upon agreement of the SHD and RFD representatives for
reevaluation of radiation levels.

c. DOULE LEVELS IN ROOM: Exposure rates will be measured at specific
sites in the rooms. These measurements will be given to both the reactor
representative and the personnel entering the room. Additionally the readings
will be entered in the room entrance log (AFRRI FORM 130) and kept in the
prep area. The levels will be measured at:

(1) The reactor door face in the direct line of sight of the reactor tank
bulge

(2) At the contamination line in the entrance of the room

(3) The middle of the room

(4) One meter from the tank wall or shield

(5) Contact with the tank wall or shield

(6) The area(s) where individual(s) will be working for an extended
period of time and any other place deemed necessary by the SHD or reactor
representatives.

d. ROUTINE ENTRY: Entry is routinely permitted only when the maximum
reading in any occupiable area is 1 R/h or less. Entry may be permitted if
levels are 1-5 R/h, but no work will be permitted in fields over 1 R/h. When
working in a specific area for any extended time is expected the dose rate in
that area will also be measured and recorded.

(1) If any accessible area inside the exposure room reads over 100
mR/hr (closed window), where extended stay time is possible, the SHD monitor
will remain in the prep area until the room 18 closed. All personnel entering

will be assigned a stay time if they will be working in the high radiation area,

AFRRI limits of 100 mR/week and 50 mR/day are to be used as the basis of



stay time determinations.

(2) All exposure room entries will be checked by the SHD monitor for
compliance with radiation safety aspects of applicable Reactor Use Requests
(RUR’s). If not, non-compliance will be reported to RFD and to SHD.

e. FILLING OUT THE SURVEY OF EXFOSURE ROOM OPENING LOG: The
exposure room opening log sheet must be filled out completely for each
opening of an exposure room (see enclosure 2). Care must be taken to fill out
each blank on the entry log sheet, if a section is not applicable to the
particular opening, N/A should be filled in the blank.

4. NON MONITORED OPENING:

a, The exposure rooms may be opened without a SHD monitor present if ALL
the follow.ng conditions hold:
(1) The reactcr hae not been to power in that ER since the last
survey.
(2) The last survey indicated that there were no radiation levels in
excess of 100 mR/hr in any area of the ER where extended stay time is

possible.

(3) Survey meter readings at the door indicate safe entry conditions
(should be less than 1 mR/hr).

(4) The ER CAM should be observed, and its reading (net) should be
iess than 200 cpm above background.

b. An entry will be made in the exposure room log by a reactor staff
member, with a8 note that the survey has been waived.

¢, SHD must be notified if any radioactive materials or equipment are to
be removed from the prep area.

5. PERSONNEL PROTECTION PROCEDURES

a. Dosimetry and protective clothing requirements are given in paragraph
2.c, entry instructions.

b. Entry is permitted only after the SHD monitor has completed the survey
and reported resuits to those about to enter (exciuding non-monitored
openings - Reference Paragraph 4, above).

c. All personnel shall read and log dosimeters when leaving the exposure
room using the dosimeter log in the prep area. Net doses over 10 mrem must
be reported to the SHD Monitor.

d. Protective clothing will be removed in such a way as not to contaminate
"clean'' areas by items from "dirty" areas.

e. All personnel entering the prep area will "frisk" themselves before
leaving the prep area,
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6. SPECIFIC ACTIONS TO OPEN EXPOSURE ROOM DOORS

a. Turn up exposure room lights (this can be waived for experiment
needs).

b. Check plug door tracks for obstructions; insure all obstacles are clear
of the door (including ropes).

¢. Secure both entrances to the prep area.

d. Insure that only authorized personnel (see 2.b.) are present in the
reactor prep area during exposure room openings.

e. When facility safety interlocks and opening procedures have been
satisfied, insert key into exposure room door key panel and open door. DO
NOT LEAVE KEY IN LOCK UNATTENDED.

f. Open door in accordance with entry procedures. Ensure all required
data is logged in entry Iog.

g. Ensure that individuals that will be moving lead, bismuth, or other
heavy materials are wearing steel-toed shoes.

h. Limit exposure times of all personnel entering the exposure rooms based
on the results of the radiation survey.

7. ACTIVATED MATERIALS

a. PLACING MATERIAL IN EXPOSURE ROOM: Before placing any equipment
or material in an exposure room for irradiation the following will be observed:

(1) Equipment tagged as AFRRI property: a DF must be sent to both
the RFD and the AFRRI property officer. The DF must state that the equipment
is knowingly being irradiated and therefore request that it be removed from
the property books. It must also state that should the material remain
byproduct material after a reasonable amount of time it will be disposed of as
radicactive waste. The DF must contain all nomenclature as well as an adequate
description of the equipment in order for it to be identified on the property
book.

(2) Non tagged AFRRI equipment or material (to be returned): a DF or
statement on the reactor RUR must be sent to the RFD giving the kinds and
amounts of byproduct material expected to be produced (that is the material
that the experimenter wishes to be returned) and a copy or number of their
radionuclide authorization number. The DF or RUR statement must be specific
and contain an accurate description of the material being exposed (converted
to byproduct). Other information will be required from personnel before any
material is allowed to be removed from the prep or warm storage areas (see
next section of this procedure 7.b. and 7.c.)

(3) Non tagged equipment or material (not to be returned): A DF or
statement on the RUR that the experimenter understands that byproduct
material produced as a result of their irradiations will be disposed of as
radioactive waste, and additionally any material not specifically requested to
be held will be disposed of as radioactive waste in the next shipment.

(4) Non AFRR! owned equipment/material: A signed memorandum from



the responsible property owner that they understand that byproduct materials
generated in excees of their license will be disposed of as rad waste unless
prior arrangements have been made with the reactor/SHD staffs for storage.
Any material not removed within a reasonable amount of time will automaticallv
be disposed of as radioactive waste.

b. SURVEY OF MATERIALS COMING OUT OF EXPOSURE ROOM

(1) All material leaving the exposure rooms must be surveyed for
activation or contamination. Survey meter readings will be used to determine
dose levels. Smear surveys may be used, if the SHD representative deems them
necessary. All materials will be labeled appropriately in accordance with HPP
0-2 and enclosure 1 of this procedure.

(2) All special equipment that has been activated such as chambers,
rotaters, motors, meters, etc., will be stored under the control of the reactor
license or the AFRRI byproduct license in warm storage or the prep area,
Removal of items from the prep area will only be allowed in accordance with
the disposition of activated materials, section 7.c. of this procedure,

c. DISPOSITION OF ACTIVATED MATERIALS

(1) All materials coming out of the exposure rooms will fall into one of
two categories. Category one consusts of materials that are to be removed
from the prep area and category two are those materials designated to remain
in the prep area. Prep area materials should be tagged with a yellow radiation
material label, or tag filled in "Prep Area Materials" or painted yellow,
Materials labeled or painted yellow are not to be removed [rom the prep area
without SHD approval.

(2) If tagged material must be returned to the exposure room before it
has been cleared from the activated materiais log, return the material with the
label to the prep area before the exposure room opening. At the time of the
exposure room opening, give the tag to the SHD representative who will then
clear the materials from the log. When the materials come out of the exposure
room a new log entry will be made and a new number assigned the mater:als.

(3) When materials to be remove from the prep area come out of the
exposure rooms, the materials must be tagged appropristely and an entry must
be mnade in the activiated materials control log. The tagging pro.edure and
information that must be entered in this log is as follows:

(a) ITEM NUMBER: will be assigned by the SHD monitor in sequence
and be prefixed by an "R" for reactor, "L" for Dr. Ledney, "Z" for CDR
Zeman, etc. The next character in the item is the calender year. The last
character is the sequential item number,

EXAMPLE: LB87-005
"L" indicates Dr. Ledney is the Priciple Investigator
"87" is the calender year
"005" indicates it is the fifth activated item removed from the prep
arfea by Dr. Ledney in 1987

Fach item that has been activated must be assigned an activated item number,
i.e., if a dog was activiated in a plactic cage, both the dog and the cage must
be numbered and tagged; or if an activated camera is tagged, both the lens
and the camera must be numbered if the lens is removed.

i
t
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NOTE: All labels must be kept with the materials until the materials are
disposed of as regular waste or as radioactive waste, or cleared by SHD. In
any case the tags must be returned to SHD to facilitate removing activated
items from the log.

(b) ITEM DESCRIPTION, AFRRI NUMBER, SERIAL NUMBER, enter a
brief description of the item removed. The AFRRI number and serial number
shall be entered if applicable.

(c) BACKGROUND LEVELS, enter the background radiation levels of
the area where the survey is conducted.

(d) LEVELS ON CONTACT CLOSED WINDOW, LEVELS ON CONTACT
OPEN WINDOW, enter the radiation levels detected on the surface of the item
being surveyed using both open and closed windows.

{e) SMEAR RESULTS, enter the results of the smear test if it was
taken, see section 7.b.l. of this procedure.

(f) LOCATION MATER"AL REMOVED TO: enter the lab or area to
which the materials are being t. :n. Ensure that the lab is qualified to hold
the radicactive materials in accordance with enclosure one to this procedure,
all appropriate radiological Safety Instructions and Health Physics Procedures.

(g) PERSON REMOVING MATERIALS, enter the name of the
investigator or technician that is taking the materials, ensuring that the
person is listed under the principal investigators authorization for handling
radioactive materials.

(h) SIGNATURE OF PERSON REMOVING MATERIAL, have person
receiving custody of the materials sign the log with the understanding that
the materials being received have been activated.

(1) INITIAL OF SHD PERSONNEL, the person that released the
activated materials will initial here.

(j) REMOVE FROM LOG, this space is to be checked off when the
radioactive material has decayed below activation action levels indicated i..
enclosure 1 to this procedure.

8. COMPLETION OF ENTRY

a. The Reactor Staff Representative will check to see that all personnel
have left the exposure room before the plug door is closed. In the event that
the warning horn in either exposure room is disconnected, for testing or
esperiment requirements, the exposure room plug door shall not be closed
until at least two (2) licensed reactor operators visually inspect the rcom to
insure thet no personnel remain in the room. To ensure compliance the the
reactor Technical Specifications, the names of these licensed operators present
at the exposure room cloging shall be entered into the reactor cperations
logbook and on AFRRI FORM 130. At the completion of the test or experiment
the warning horn shall be reconnected and tested. All actions regarding the
warning horn shall in entered in GREEN ink in the reactor operations logbook.

b. The SHD monitor will not leave the area while the plug door is open
without notifying the Reactor Staff Representative.

c. Lock the exposure room door control panel;, reset lights, if appropriate.

d. Resecure the prep area on departure.
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TAB B: CORE EXPERIMENT TUBE (CET)
General: ALARA principles will be practiced during CET operations.

Specifics:
1. CET Insertion into the core:
a. Ensure a reactor operator is monitoring the reactor conscle.
b. Ensure a reactor staff member is present in the reactor room.
c. Establish communications between the reactor room and the control

1. Test fuel-handling tool for operability.

e, Lower the fuel=-handling tool into the core and attach to element
F28, Notify operator on the console that vou are prepared to lift fuel element,
When acknowledged, it fuel element from the core.

f. Transfer element to a storage rack location and secure
fuel-handling tool cable.

g. Loosen CET bracket boilts and remove CET bracket.

h, While the CET is held down, cut cable ties from around the CET.

i, Lift CET from the storage rack location and transfer to the reactor
carriage, ensuring that the CET remains as low in the water as possible.

j. Notify the console operator that you are prepared to lower the CET
into the core; when acknowledged, lower the CET into the core ensuring that
it is properly seated in the lower grid plate.

k. With a downward pressure on the CET to keep it seated, secure
the CET bracket with the two bolts.

. Ensure appropriate entries are mede in the operations logbook and
the fuel book, and that the reactor core pegboard is updated.

2. Irradiation:

a. Clean the rabbit(s) using alcohol and water.

b. Once clean, do NOT handle the rabbit ex~ept with gloves, Kimwipes,
or handling tools.

c. Ensure that the rabbit cap is secured tight. .

d. Bring the reactor up to the appropriate power.

e. After notifying the reactor operator on console, drop or iower the
rabbit into the core WITH THE CAP UP. Ensure that this individual spends a
minimum amount of time in the vicinity of the carriage. Do NOT lower the
rabbit with the extractor tool while at power,

f. Complete irradiation and shut down reactor.

g. Ensure appropriate entries are made in the operaticns logbook and
the CET logbook.

3. Rabbit Retrievals:

a. Ensure that a reactor staff member and a Safetv & Health
Department (SHD) monitor are present in the reactor room and that they are
wearing all required (whole body TLD, pocket chamber and wrist) dosimetry.
If the CET i1s in the core, a reactor operator must monitor the conscle during
the retrieval.

b. Test the rabbit extractor (“fishing pole’) for operability.

c. insert the extractor head mechanism into the CET and reel out
cable until you reach the low end indicator painted on the cable.
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d. Drop the extractor head firmly on the rabbit.

e. Ensure the SHD monitor has a teletector positioned near the CET
top to monitor the rabbit.

f. If the CET is in the core, notify the reactor operator that the
rabbit is being pulled and continue when acknowledged.

g. Reel in the cable at a rate commensurate with radiation levels:
lower the rabbit back into the CET if the rabbit is excessivelv hot.

h. Stop when upper end indicator i1s visible on the cable; have SHD
take an accurate radiation reading.

i. If radiation levels are acceptable, swing rabbit away from carriage
and have another individual grab it with a handling tool. If the radiation
levels are not acceptable, lower the rabbit back into the CET. The rabbit will

again be withdrawn for reevaluation of radiation levels when the SHD and RFD

representatives concur on an acceptable radiation level in accordance with
ALARA and misgion requireme ats.

J. Release extractor head and detach rabbit from head.

k. Unless working with the rabbit, or radiation leveis are very low
(<1 mR/hr), store rabbit or irradiated material in a lead pig or storage cask,

i. Make appropriate entries in the operations and CET loghbnoks.

4. CET Removal from Core:

a. Complete steps la-c above.

b. Loosen the CET brack«t bolts while holding the CET down, remove
the CET bracket.

c. Notify the console operator that you are prepared to remove the
CET from the reactor core.

d. When acknowledged, transfer the CET to the storage rack,
ensuring that it is kept as low in the water as possible.

e. Secure the CET with cable ties.

f. Secure the CET bracket with the two bolts.

g. Remove the fuel element from the storage rack and transfer to
core. Notify the console operator and receive acknowledgment prior to
insertion of element into fuel position F28.

h. Ensure the element is properly seated in the !ower grid plate by
listening for the "double clicks".

i, Make appropria - entries in the operations and fuel logbooks and
update the reactor core pegboard.
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Revised: Dec 1987
TAB C EXTRACTOR SYSTEM

GENERAL: The extractc- system will be tested for operability prior to the
initial experiment for the day.

SPECIFIC:

1. Assembly of the extractor system:
a. Inside the exposure room:

(1) Move the inside receiver section into position in front of the core;
screw tube supports to the floor and place lead bricks on them.

(2) While holding the appropriate connecting tube in position, tie the
strings in the tube to the two ends coming out of the exposure room wall and
to the two ends in the receiver section.

(3) Align the ends of the t.bes and slide the clamp over each joint.

(4) Place the alignment tooiz into the appropriate holes to check the
tube alignment; tighten down the clamps.

(5) Connect the electrical cable to the limit switch.

(6) Remove the alignment tools.

b. Outside the exposure room:

(1) Remove tube plug.

(2) Move the receiver section close to the tube projecting from the
wall,

(3) Tie the string from the end of the small tube to the end of the
wire cable.

(4) Pull the string in the large tube slowly while having someone
inside the room guide the string.

(5) When the cable is all the way through both tubes, thread the
cable through the receiver tube while moving the receiver table into final
position against the wall (if necessary, add an additional length of cable to
the take-up reel).

(6) While someone else ie pushing the table toward the wall, insert
two screws into the holes on the securing bracket (beneath the table).

(7) Position and tighten clamp over the joint; position carrier in tube
and connect cable to each end; removethe tape on the take-up reel.

(8) Pull back on the drive motor assembly until there is no slack in
the cables; tighten the adjustment bolts on the drive assembly.

(9) Connect the electrical cables to the motor, control unit, and limit
switches.

<. Disassembly:
a. Reverse the order of the above with the following changes:

(1) Before loosening the motor assembly, place tape on the cable
drum to keep the cable from moving (ensure the cerrier is in the receiver
cnection).

(2) Before pulling the cable through the tubes, attach a new string
to it.

(3) Leave enough slack for disassembly inside the exposure room.

(4) Cut tne string at the joints in the room and tape the ends to the
tubes.

b. Ensure the tube plug is in place, and the control unit is secured.




3. Operations:
a. On the motor control, initially set controsls as follows:
(1) Power switch: "OFF".
(2) Torque control: "OFF",
(3) In/out switch: "BRAKE".
i4) Speed control: "0%"
b. Plug motor control into AC outlet, swi‘ch the power switch to "ON",
¢, Switch in/out switch t. appropria‘e position.
d. Slowly increase speed tu an appropriate level;, as the carriage
approaches its full in/out position, decrease the speed slowly to "0%".
e. Turn the in/out switch to "BRAKE".
f. During power operations, ensure that the following requirements are
met:
(1) The prep area is sealed off.
(2) A Safety & Health Department (SHD) monitur is present.
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Revised: Jan 1984

TAB D PNEUMATIC TRANSFER SYSTEM (PTS)
General:

1. This (PTS) procedure is inactive. If the PTS Facility is reactivated, then
this procedure must be reviewed and approved by the RRFSC and the Reactor
Facility Director.

2. ALARA principles will be practiced during PTS operations.

3. All PT” operations will be directly supervised by a reactor operator
present in the Hot Lab.

Specific:

1. PTS Setup:
a, Position core at 833 (inside region [II). ;
b, Ensure communications are estahlished between the hot lab and the
control room.
¢, Inspect rabbits to be used in the PTS for cracks or other damage.
d. Aluminum rabbits must be diverted to the Hot Cell and therefore may
only be used on the "A" system.
e. [f the anticipated radiation level of any returned rabbit is greater
than 1.0 R/hr at | meter, take the following precautions:
(1) Use the remote control unit, unless experiment requirements
dictate otherwise.
(2) Place a radiation survey meter next to the receiver/sender station
so that it can be monitored from the remote control unit.
(3) The rabbit will be irradiated in the "A" system and then diverted
to the Hot Cell or returned to the irradiation location.

2. Manual Operations:

a. Ensure all switches on both the local and remote control units ar- in
the "OFF" position; place the local/remcte switch in the desired position.

b. Place blower switch in the "ON" position.

. Insert key into local control unit; turn key to "ON" position.
d. Ensure tubes are empty.
. Bet mode switch (man/off/auto) to "MAN" position. Bicwer will start,

Sel in/out switch to the "OUT" pesition and the tube on/off switches
N"; allow the system to run for a short time.

C
-
f.
to "O
g, Set tune on/off switches to "OFF" and turn in/out switch to "IN",
h. Load samples into tubes,
i, Check communications with reactor operator at the reactor console.

J« When the reactor is at the designated power level, set the tube on/off
switches to "ON"” one at a time, to send rabbits into the irradistion location,

k. Begin stopwatch or timer.

l. Turn tube on/off switches to "OFF" and turn in/out switch to "OUT",

m. Ensure a Safety & Health Department (SHD) monitor is present during
retrievals.

n. Set on/off switch to "ON" one at a time; rabbits will return to
sender/receiver station.

0. Set all switches to "OFF", and remove key from control unit.



3. Automatic Mode:

a. Complete steps 2a-d above.

b. Set mode switch to "AUTO" position. Blower will start.

¢. Complete steps 2f-i above.

d. Set timer (0 to 5 minutes) by turning the red and black arrows to the
desired irradiation time.

e. When the reactor is at the desired power level, briefly push the timer
push botton and release. The rabbite will leave the receiver/sender station
and will automatically return at the end of the preset irradiation period. The
timer will automatically reset.

f. Turn all switches to "OFF" and remove key from control unit.

1. Diverting Samples:
a, Diversion of samples to the Hot Cell may only be made using 'he

3

svstem.

D. After the rabbit has returned to the receiver/sender station, set the
{ivert/send switch to "DIVERT" and hold it until the loading port handle trips
to the rear position.

Send the divert/send switch to "SEND" and hold for a few seconds.
The rabbit will leave the receiver/sender station and travel to the Hot Cell.
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Revised: 15 Dec 88

TAB E [N-POOL/IN=-CORE EXPERIMENTS

General:

ALARA principles will be followed during these experiments., These procedures

apply to all in-pool or in-core experiments except CET operations (See
Procedure [ - Tab B).

Specific:

1. All operations will be supervised by an SRO.

2, Actions will be taken to prevent damage to the reactor core or aluminum
tank.

7, Ensure that a member of the reactor staff and a SHD representative are
present during the removal of samples from in-pool or in-core locations.

1. The removal of experiment materials from the pool or core will be
monitored with a radiation survey meter; additionally, a reactor operator will
monitor the reactor console during insertion and removal of in-core

experiments.



Revised: Jan 1985
PROCEDURE II REACTOR STAFF TRAINING

l. The reactor staff training is delineated in the current "AFRRI Reactor
Operator Requalification Program’.
2. The Reactor Facility Director (RFD) determines who is allowed into the
training program. As part of the training/requalification program, the
following will be performed:
a. A training file will be maintaired for each trainee/operator.
b, When a section of training is completed, it will be annotated on the
training checklist in each file.
A record of operations will be kept for each trainee/operator.



»
.

Revisecd: Jan 1985

PROCEDURE III MAINTENANC!. PROCEDURES

General: !laintenance procedures are provided in other references.
Specific:

l. Preventative Maintenance procedures for each item of the reactor systems
are provided in the maintenance logbook.

2, Annual shutdown procedures are given in the Annual Shutdown Checklist
which is revised each vear by the Reactor Operations Supervisor (ROS) and
approved by the Reactor Facility Director.

3. Malfunctions are annotated in the Malfunction Logbook. Each entry is
made by the operator who discovered the deficiency. When corrective actions
have been made and annotated in the malfunction logbook, the RFD or ROS
shall review and initial the entry.

1. Procedures for maintenance of specific equipment are provided in the
manufacturers’ literature.




Revised: Jul 1982

PROCEDURE IV PERSONNEL RADIATION PROTECTION

General: All activities performed in areas of potential personnel radiation
exposure will be done in accordance with ALARA principles. These areas are
the reactor room, upper =quipment room (3152), lower equipment room (2158),
warm storage, prep area, exposure room 1, exposure room 2, and the hot
lab/cell.

Specific:

Reactor Room:

a. CET Operations: See Procedure [-Tab B.

b. Working inside chained in area around pool: The reactor
sperator on the console shall be responsible for controlling entry into the
chained area around the pool.

2. Warm Storage: See HPP 4-3.

3. Prep Area: See Prep Area Briefing.

{. Exposure Rooms: See HPP 3-1 and Procedure [-Tub A.
5. Hot Lab/Cell: See HPP 3-5 and Procedure [-Tab D.

6. Upper and Lower Equipment Rooms:

a. No written radiation protection procedures are required for entry
into these rooms.

b. However, access to these areas is controlled by the AFRRI Reactor

Physical Security Plan.

7. Personnel Dosimetry and Monitoring' See KPP 3-1, 3-2, and the Prep
Area Briefing.



PROCEDURE V

General:

Security Plan.

Specific:
1. The reactor

hours.

Revised: 15 Dec 88

reactor staff member

PHYSICAL SECURITY

Physical Security requirements are given in the AFRRI Reactor Physical

room and the reactor room will be secured if no
is present for a prolonged period of time during duty

2. Control of keys is delegated to the Reactor Operations Supervisor. Key
inventories will be performed annually, not to exceed 15 months.



Revised: 15 Dec 1988

PROCEDURE VI
EMERGENCY PROCEDURES

General: The reactor emergency organization, emergency classes, and
emergency action levels are set forth in the current copy of the AFRRI

Reactor Emergency Plan.

Specific: Perform the following, as appropriate (need not be done in order).

1. Reactor Emergency:
a. SCRAM reactor.
b. Check radiation monitors: use portable survey instruments tO 3SSess
gsituation, if necessary.
votify ERT Commander of situation.
4. Activate emergency organization.

2, AFRRI Complex Emergency Evacuaticn:

~
a. SCRAM reactor.
b. Secure any exposure facilities which are in use so that perscnnel

access to that facility is nci possible.
c. Remove logbook, emergency guide, rad:

repor* o EAS.
d. Do NOT lock reactor area doors.

»8, teletector, tool kit, and keys;




General:

1.

Specific:

PROCEDURE VII REACTOR CORE LOADING AND UNLOADING

Loading and unloading of the reactor core shall be under
the supervision of the Reactor Facility Director or the
Reactor Operations Supervisor. These procedures are
superseded in the following situations: during CRBT Oper-
ations (see Procedure I-Tab B) and during annual shut-
down maintenance (see the current Annual Shutdown
Checklist).

Setup

a. Ensure at least one nuclear instrumentation channel is
operational.

b. Ensure an operator monitors the reactor console during
all fuel movements.

¢. Check new fuel elements prior to insertion into the
core; this includes cleaning, visual inspection, and
length and bow measurements.

d. If irradiated fuel elements are to be removed un-

shielded from the pool, a Special Work Permit (SWP)
will b2 obtained from the Safety & Health Department
(SHD); fuel elements with a power history (greater
than 1 KW) in the previous two weeks shall not be
removed from the reactor pool.

Core Loading

After each step of fuel movement perform the
following:

(1) Record detector readings.

(2) Withdraw control rods 50%; record readings.

(3) Withdraw control rods 100%; record reaadings.

(4) ~Zalculste i/M.

{5 Flot 1/M veruus number of elementg (and total
mags of 1/-236).

(6) Predict critical loading.

(7) 1Insert ALL rods; continue to next step.

Load elements in the following order:

Load the "B" ring thermocouple element.
Load the "C" ring thermocouple element.
Install temperature measurement system (to
measure fuel temperature,

AA,\
W -
~
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Install any other thermocouple elements.

Complete loading of "B" and "C" ring elements

(total of 18 elements).

Load "D" ring (total of 33 elements)

Load the following "E" ring elements:

1:,28.4.8,8,9.,10,13.,148,18,17,18,20,22,24

(total of 48 elements).

Complete the "E" ring (total of 57 elements).

Load the following "F" ring elements:

1,5,9,13,17,21,22,23,27 (total of 66 elements).

Load two elements per step until critical loading

is achieved.

Load core to $2.00 excess reactivity.

Estimate control rod worth using rod drop

techniques.

(13) Estimate the contrel rod worth of the remaining
unloaded elements.

(14) Load the core to achieve a K-excess that will

allow calibration of the TRANS rod based on the

last available worth curve of the TRANS rod.

Calibrate the TRANS rod.

Estimate the shutdown margin.

Estimate K-excess with a fully loaded core (must

not exceed $5.00).

(18) Load core to fully operational load and

recalibrate all control rods.
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Core Unloading:

b'

The reactor core will be unloaded starting with "F"
ring end ending with the "B" ring.

The fuel elements will be individually removed from
the reactor core, identified by serial number, and
placed in either the fuel storage racks or a shipping
cask.

If elements are to be loaded into a shipping cask,
perform a complete cleaning of the cask and check for
radiological contamination prior to placing the cask
in or near the pool. Load cask in accordance with
procedures specific to the cask.

Once the cask is losded, perform an air ssmple and
survey; check temperature and pressure inside cask, if
necessary.

If elements are placed in temporary storage away from
core monitoring, insure criticality monitoring in
accordance with 10 CFR 70 is in place.



Revised: (3 Dec 1988

PROCEDURE VIII REACTOR OPERATIONS

General:

Logbook entries will be made in accordance with the Logbook Entry Checklist
(Tab Al.

Specific:

1. Each line on the dailv and weekly checklists shall be initialed by the
Reactor Operator or Trainee who performs that item,
2. Perform reactor Daily Operational Startup Checklist (Tab B), utilizing
appropriate nuclear instrumentation set points (Tab C). In the case of no
planned operations, a Daily Safety Checklist may be performed (Tab Bl).
3. Record at the top of each page the SRO On=Call for that date.
1. Perform K-excess measurement (Tab D’
) Perform operations in accordance with the following:
a. Steady state operation (Tab E).
b. Square wave operation (Tab F).
c. Pulse operation (Tab G).
d. CET operations (Procedure [, Tab B).
e. Pneumatic Transfer System (Procedure [, Tab D).
6. Perform Weekly Operational Instrument Checklist once during calendar
week (TAB H). |
7. At the end of each day in which a Daily Operational Startup Checklist or |
Daily Safety Checklist has been completed, perform Daily Operational Shutdown |
Checklist (Tab I). |
8. Complete the monthly summary (Tab J). |
|
|

.
.



Revised: 15 Dec 1988

TAB A LOGBOOK ENTRY CHECKLIST

1. The reactor operations logbook is a before-the-fact record, that is, entries
will be logged before the operator actually performs the planned function,
Any late entries will be so no’

2. The operations logbook will have a hardbound cover and will be
sequentially numbered by volume. The pages will be dated at the top of each
page and each page will be sequentially numbere ‘.

3, The Reactor Facility Director (RFD) will review each logbook upon its
-ompletion; he will make arn appropriate entry in the back of the logbook and
sign the entry.

4. The entries will be made in ink and in accordance with the following
designated color code:

a. Black and Blue-Black:
(1) Console locked and unlocked. The individual at the console will

enter his/her name and the supervisory licensed operator’s name, if
necessary.

(2) Checklist number and completion time.

(3) Power level at criticality and subsequent power level changes.

(4) Reactor SCRAM,

(5) Mode of operations. Use appropriate stamp or entry to designate
the operation:

(a) Mode I or IA Steady State
(b) Mode II Square Wave
(¢) Mode III Pulse

(6) Operation of reactor associated facilities such as lead shield
doors, pneumatic tube systems, etc., unless such operations cause a change of
reactivity (see 4.b.(2) below).

(7} Change of personnel at the console. Name of personnel will be
entered along with the licensed operator present in the control room, if the
person at the console is not a licensed operator.

(8) The operator in charge will be designated in the logbook
whenever multiple operators are signed on the console.

(9) Completion of the daily startup and shutdown checklists, and
weebly checklists.

(10) Signature of reactor operator to close out the log To» the day.

(11) Reactor calibraticns and data.

b. Red.
(1) K-excess measurements, to include experiment worth
determinations.

(2) Actions which affect reactivity:
(a) Core movement.
(b) Fuel movement.
(c) Control rod physical removal for maintenance.
(d) Experiment loading and removal from the CET, PTS, pool, or

core.



c. Green.
(1) Reactor malfunction,to include the reactor systems and support
equipment tsken out of service for maintenance and returned to service,
(2) Additional items entered at the discretion of the operator such as
addition of makeup water to the reactor pool, etc.

5. When an operation requiring entry into the logbook falls under more than
one color code, the color to be used will be determined via the following order
of precedence: RED - GREEN -~ BLACK/BLUE=-BLACK.




TAB B: DAILY OPERATIONAL START Ur' CHECEKLIST

Checklist # [ Date
SENIOR SRO PRESENT/ON CALL Performed by

Operators Time Completed

I. EQUIPMENT ROOM (ROOM 3:52)

Air compressor pressure (psi) ..soiovvenaas R L L
ALP CONMPrEnNOr WALEeTr trap Areained . ivcorioaansasns
BRI BENEP SRIERT IR & hh G F e R e A i ke e

Doors 231, Z231A, 3152 and roof hatch secured ......

0

— LD

IT. LOBBY AREA

LOBDY “AUdio ALBDE Turnedl OFF . i isosaattadnissadaees

IIT. EQUIPMENT ROOM (ROOM 2158)

Pratilter diTTorantisl DEBABUTE & s oo v u v aintsodsasn
Primery Gischarge pressurs (Ps8i) caaissvsnsescnasns
Demineralizer flow rates set to 6 GPM ..... AT R
Stack roughing filter 8p (inches of water) ........
Stack absolute filter Sp (inches of water) ........
VABUAL LDNPRRTLON OF BPOB i casnssasrsnsansassninga
Dot SURE BEOUREBE  'ddawiasiidseenain s ieed bomeds Wy

-1 O e W -

IV. PREPARATION AREA

Visunl INBRection OF SPBB & crcardnauinaessnsari PEPER

V. REACTOR ROOM (ROOM 3161)

o -

Shielding doors bearing air pressure (psi) ..... T
Tank water level below full mark iinches) .........
Visual inspection of core and tank ....... AP g
Number of fuel elements and control ...fuel elements
rods in tank storage control rods
6. Air particulate monitor (CAM)
{8} USEPATing AR LrROAOB s iwan v anivui B R ¥
(0] ALATH OBt OOMPLOCE «iiiteaifoaquntadanssanssnia
T3 DURE BIE BEPOURED 0 i aa wi o doad anho % hohdoh hod ok s
8. Stack gas monitor quality assurance checked .......

w

Ot 4=

AFRRI FORM 61a (R) Revised 26 Apr 883
Reformatted 18 Aug 85
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14,
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VI. REACTOR CONTROL ROOM
ERGTESRCY B1iT Byatam REIET ca o sinwaaennnatdans sy
COBBELE PROSPARE QRESR 4 o 4 .o0 400640 bk 64 88484k s an
Stack gas and fuel temp. recorder dated ........... :
Logbook Sated and Paviewed i snens s e s aninaanend
Water monitor box (all conductivities must be > 0.5 M -cm)
(8) Background Retivity (MA) s sadianas @osnatasans
(b) Alarm test completed and alarm reset to 0.5 mA
(c) Water monitor box conductivity [MQ=-cm] ........
(4] DM1 conduetivity [MlI=0l] (csvssaanavavaninesssss
() DN COnBUBEIVILY [MISBMT  d o in s aadta e ensnns4s
Stack gae Tlow rate [Kefm] cvviannssraraarasssainas
Stack gas monitor
8] BaoREround COBMY il aiesaa s e aea aa a0 ah e a e LS
(D) ALAPE CROCK i rveaaas e an s b g naas A a Ak g :
tey High slarm set to BO0D MPC Ar=41 ..cvicaivanaaiaas
Stack particulate monitor

(2) Background (CPM) i ioo s ad et aanesmedsnsasonssn
(D) ALBEm CHOCK s ivauassssnsasainasndwesdasbasonsanas it
{¢) High alarm sat o 2.0 E3 CpPB . ossasdsssrnaansas
Radiation monitors
Alarm Point Reading Alarm Setting
Monitor Functional (mR/hr) (mR/hr)
(a) R=-1 500
(b) R=-2 10
(c) R=3 L 10
(d) R=5 WaaratlL
(e) E-3 el 10
(f) E-6 b 10
Timer 0N .iovsssnvasnadssassnnnesn R b AR R e
TV monitors and beeper system On ......ooo a0 s e
Source level on log channel > 0.5 Cps ...vvvvvuinn
Check 0.5 Cps source BWP . cssnteradsnbhasanunaasii
Time delay operative .......... A PR S e P e e e 2ol
Operational channels
val, log switch Pos. # Range 3Switch %Linear %Log
1 0.3 watts T
2 30 watts
3 300 watts
) 1 kw
5 10 kw et
€& 3 Mw S et EA Y T
Rod raising interlock for mode I ......iivvvvnvans (B e
Rod raising interlock for mode III .......c00vvuun i e O
Zero power pulse (obtair signal w/trip test) ..... : e
SCRAM checks (at least one per rod)
fa) Safety flux 1 ... (g) Emergency Stop
(b) Fuel temp 1 ..... (h) Pool H;0 level
(c) HV loss safety 1 (1) Fuel temp 2 4.4 S
(d) MEnUBRl s 20000 {4] Baftety Tlux § e
(e) Reactor key ..... (k) HY lass safsty @ . ...
(T) TAMOE savianinaiq
Water temperature (inlet) ..... ..o

Period trip test for 1 kw interlock .......vvuvuun ‘;,
CAM high level audible alarm check ..... .. v KR
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TAB Bl: DAILY SAFETY CHECKLIST v
Checklist @ Pl AR DATE
SENIOR SAD PRESENT/ON CALL VTl PERFORMED BY

OPERATORS TIME COMPLETED

1. EQUIPMENT ROOM (RM - 319%2)

., ALr COMPressor pressur® (PBL) ..o iessvisrsansans i
ALr compressor water trap RRAINED .. ..cov veviaan
Air Dryer QDOr@8tANG (v esess sosossassassssnsssansosnn

Doors 231.231A, 3192, and root hatch SECURED ...

— ——

S UN

11. LOBBY AREA

L°b°y tha “l‘r. turﬂ“&'.'.l........0."'0.0.....

111, EQUIPMENT ROOM (RM-2138)

1. Prefilter differential pressured .....cvsevevceoscansnns
2. Primary Discharge Fressure (PS1) .......veeveernvocnnes
3. Demineralizer flow rates st 2O & QPM . .cisivecssnrnces
4, Stack roughing filter 8p (inches of water) ......cco0s
9. Stack absolute filter 8p (inches Of water) ......ccveee PR
6. Visual (inepection Of aree® .....ciccrv00srsasssanracrsen
7. D”' zx”m...l......l.t'lUall.'.CICUOlOOOo..lou.___

Iv. PREPARATION AREA

Vi'u‘1 xﬂ'p.“‘m °' .’.. LB BB BN OO R EE DR OO ——
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TAB C NUCLEAR INSTRUMENTATION SET POINTS

General: These set points may be adjusted for a specific
operation by of the RFD or ROS but in no case may they
be set at a point non-conservative to the technical

specifications.

Specific: The following are channel or monitor set points (alarm,
scram, rod withdrawal prevent).

| B Scrams:

a. Fuel Temperature 1 & 2:

bi Nigh Plux 1 & &

c. Safe Chambers 1 & 2 HV Loss:
d. Pulse Timer:

e, Steady State Timer:

2. Rod Withdrawal Prevents:

a. Period:

b, 1 KW (Pulse Mode):

¢. Source:

d Water Bulk Temperature:
o Fission Chamber HV Loss:

3, Alarms:

a. RAMS:

b CAMS:

c. Stack Gas:

d. Stack Particulate:

e, Water Monitor Box GCamma:
f. Criticality Monitor (RS):

§786 €

110% (1.1 MW)
Loss of 20%
0.555 seconds
a8 necessary

3 seconds
1 KW

0.5 CPS
§0 C

20%

As directed in procedures
10,000 CPM

800 MPC Ar-41

2.0E+3 CPM

0.5 mA

50 mR/hr day ~

20 mR/hr night

or as directed
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TAB D K-EXCESS

1.

Withdraw SAF and SHIM rods 100% and withdraw the TRANS rod
25%.

Use the REG rod to bring the reactor to cold critical at 15
watts, If criticality can not be reached with the REG rod
full out, use the TRANS rod to bring to critical.

When power is stabilized at 15 watts, record rod positions in
reactor operations logbook, entering all information in red
ink.

Using rod worth curves, compute K-excess for the core
position* used and record in the reactor operations logbook
and on the Monthly Summary Sheet.

*Note: Use the curves for position 567 when doing K-excess at

290.
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TAB E: STEADY STATE OPERATION (MODE I/IA)

General: The reactor shall not be operated at a power greater

than 1.0 MW,

Specific:

l. Set the linear channel range select switch to the appropriate
gecale for the desired power (at this power the linear pen
should be as close to 50% as possible).

2. Set the mode switch to manual mode.

3. Raise control rods with the appropriate banking, taking into
consideration the location in the pool, power level, and

experiment array.

4, 1If final approach to critical is to be made in automatic mode,
perform the following:

a. Set the proper percentage on the flux control to obtain
the desired power.

b. Raise the TRANS, SAFE, and SHIM rods to the appropriate
banking.

¢, Raise the REG rod approximately 5%.
d. When the servo has locked in, switch to automatic mode.

e. When the reactor reaches critical, fine tune the flux
control for the desired power.

5. Scram the reactor at the end of the run using the manual or
timer scram.

6. Ensure the appropriate entries have been made in the opera-
tions Joghook.

Note: For runs greater than 800 KW, adjust alarm points on R~1
and R-5 to full scale.
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TAB F: SQUARE WAVE OPERATION (MODF II)

General: The square wave mode can not be used above 200KW,

Specific:

1.

10.

11'

If appropriate, set timer for run duration and flip timer
SCRAM switch te "ON",

Set the TRANS drive anvil as follows:

a. If the TRANS rod is not to be used for criticality, use
the applicable rod worth curve to uetermine the anvil
position for a 75 cent insertion and raise the anvil to
that position. Adjust the REG rod to 90 percent; achieve
criticality using the SHIM and SAFE rods.

b. If the TRANS rod is to be used for criticality, withdraw
the REG rod 90 percent, SAFE and SHIM rods 100 percent,
and adjust to critical configuration using the TRANS rod.
When a critical configuration has been reached, drop air
from the TRANS rod and adjust the anvil position for a 75
cent insertion above the critical position.

Ad just power range select switch to the desired range.

Set square wave percent demand dial to 80 percent of final
desired power.

Set flux controller dial to final desired power level.

Switch into square wave mode, making sure the TRANS rod ready
light is "ON".
Depress ready/fire button.

After the servo has locked in, raise the square wave percent
demand dial setting to the final desired power.

Switch tc manual mode and lower REG rod to 80 percent while
raining the TRANS rod; maintain desired power level and then
switch to automatic mode.

Scram the reactor with the timer or manually, as appropriate;
move the core if applicable.

Ensure all pertinent information has been logged in the
reactor operations logbook.



May 88 (Pending RRFSC Review)

TAB G: PULSE OPERATION (MODE ITI)

General: Pulses above $3.50 must be approved by the RFD or ROS.

Specification ~n the RUR may be used to meet this
requirement,

Specific: For pulses fired from COLD CRITICAL, omit steps 2, 5,

6, and 8. For pulses fired from SUBCRITICAL, omit
step 7.

Set the alarm points on R-1 and R-5 (the criticality monitor)
to full scale.

Given a core position, set the transient rod at a position
corresponding to the dollar value determined by the following
equation:

$ Value = Total worth ($) TRANS rod -~ desired pulse (8) value

30

10.

11,

Bring the reactor to cold critical (15 watts) with the three
standard rcds, using a rod configuration commensurate with
core position.

Stabilize in manual mode.

SCRAM the transient rod.

Raise the transient rod anvil to 100%.

Raise the transient rod anvil to the desired pulse position.
Let the power decay to approx.imately one watt.

Place power range select switch on the "3 MW-PULSE" position.

Place mode select switch in "PULSE HI" (greater than or equal
to $2.15) or "PULSE LO" (less than $2.15) position, as appro-
priate,

Fire pulse by depressing "READY" button on the console (Note:
Power must be below 1 KW).



12.

13.

14.

Record data in the reactor operations logbook as follows:

a. Insure the pulse detector selector switch is on
Detector #2.

b. Turn reactor pool lights and reactor room overhead lights
OuT.

¢, NVT: Read from Safety Channel 2/NVT meter on right side
of console., Multiply the Safety Channel 2/NVT meter
reading by 1.45 to obtain actual NVT reading in MW-g.
Full scale is 43.5 MW-s.

d. NV: Read blue pen on chart recorder, center of console
with the following equations:

1. Pulse Hi switch: 2500 MW X (% of scale reading) X 1.45
2. Pulse Lo switch: 500 MW X (% of scale reading) X 1.45

e. Fuel Temperature: Read red pen of chart recorder, center
of console, where 100% = 600 C.

Reset mode select switch to manual mode after reading are
recorded

Reset R-1 and R-5 to their normal alarm points.




WEEKLY OPERATIONAL INSTRUMENT CHECKL. ST

CHECKLIST No. DATE |

PERFORMED BY REVIEWED BY

l"\_ﬂ)b‘n

I. SAFETY CHANNEL ONE
Raise rod 2%, depress and release switch marked =V && 2 1 left nang drawer, oDserve and reset scram
Rotate operate switch to zero, check mater for zero, reset scram
Rotate operate switch 10 calibrate, check meter for 100 %, reset scram

1. OPERATIONAL CHANNEL HIGH VOLTAGE
Decress and NoId N switch WV & 1 n left nand drawer  Attempt 10 raise control rod

O

1. SAFETY CHANNEL TWO
Raise rod ~2%. Jeoress and release switch =V Irip test in rignt mand drawer
oserve and reset scram
Rotate cperate switch 10 (erd. check ™eter *Or sern, reset 5cra™
Rntate cperate switch to calibrate creck neter for 100 %, reset scram

IV. NV:NVT

NV In manual mode, set 20% on safety channel ® 2 with trip test knob Switch to pulse M1, chart
recorder should read 20%. Repest for 40%, 60%. 80%. and 100%. Check scram at 110%

NVT - Check NVT circuit by procedure 3.3.5 2 through 3.2.5.4 in console maintenance manua!

V. FUEL TEMPERATURE NO. 1
Rotate switch to calibrate position. observe 100% on meter. reset scram

VI. FUEL TEMPERATURE NC. 2
Rotate switch to calibrate position. observe | 00% on meter reset scram

Vi, WATER LEVEL INDICATOR
In pool. east side. depress float on water level indicator

——e e et
e —— i
e e e
e
e aee— s
et e
e s
s et e

Observe scram or console, (scram ndication should reset avtomatically)

Vi, WATER CONDUCTIVITY

Lstresistivity readings for previous week from daily startup checklists. Determine that average at each point 's greater than
05Mem

MON TUE WED THU FRI AVE
Monitor Box
oM 1
OM 2

A

IX. RADIATION MONITORS
Test alarm functions for high level ana failure

HICGH  Level
Monitor Failure 4lgrm Functional Alarm Functionasl
R B PR EE i
R.2 SRl
E3J
E8

"5 (eriticslity)
Reactor Rm APM
Gas Stack Monitor

I

||
l

8 Feset Algrms LRIl

AFRRI FORM 08 (PREVIOUS EDITIONS OF THIS FORM ARE OBSOLETE )
19 0CT 84
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DAILY OPERATIONAL SHUTDOWN CHECKLIST

Checklist No. Date

Time Completed Performed by

I. REACTOR ROOM (Room 3161)

g R R BTLVEE  TEN L4 ad e G i e N
Carriage lights QOFF . cvoanssunane P D NS
PDROP 108 BECUIRENE - & e sl e R e AN .
Dol S181 LoCkel WILR KBF «iissrannasavaonsansas
Print out an hourly report

FPOR BRSO BEBLK GRE MORLLOD & ia st aawsnabnasichn ssdn

N d= O M -

—

II. EQUIPMENT ROOM (room 3152)

Pistillation unit discharge valve CLOBED .40 0644
Al GArver DPERATIONAL ssvoi s sntnsssinssss PP PR
Doors 231, 231A, 3152 and Roof hatch SECURE

LN —

II1. EQUIPMENT ROOM (Room 2158)

PELBALY O . SCAATES DTessure (PBI) s avsavsnasosisssn ;
Deminereiizer flow rates set to 6 GPM .......... e
Visuali inspection Tor lesks  cciosovvas PP QO i

LS S

Dorr 2188 SECURED ... CURAGAON DD ok

IV. PREPARATION AREA

1. ER T plug door CONTROL LOCKED:
Door closed; and handwheel PADLOCKED ...... 4000

2: ER 2 1lights ON and theostat at 108 «csvcvvvnrnovone il
3. ER 1 plug door CONTROL LOCKED;
Door closed; and handwheel PADLOCKED ......... .. '
4. ER 1 lights ON and rheostat at 10% ....ccovvevvnns s
8. Visual inspection of Ared .....cvveevvrsvesvvansnsna Jenl B iy
AFRRI FORM 62 (R) Revised: 26 April 1988
Reformatted: 5 December 1988



V. LOBBY ALARM

LOVRE LR SUEAD B . i evsnnunsasunsdaastansisss

~1 N O = WM -

- O 00

VI. REACTOR CONTROL ROOM (Room 3160)

BABCEOT RDRAK LIBNRE QFF s 0w na b e hamnesdineds

g R iR b e R R S S B S N i S G S R

i AR T M SR R S B e L P o

el S W el (o R e S S R e i R s S

DiTuser And SPCONAArY PURPE OFF i oa v g 0000 a0

Purification and primary pumps ON. s coirsassansan

Beeper system turned OFF ccussnsanaonsisnmanennse

Reactor monthly usage summary completed .........

Exposure room camera power supply turned OFF ....

RAGLATLON MONITOLE |+ ssvsavenstnsdastannasssssnens

MONITOR READING HIGH LEVEL ALARM
SETTING (Mr/Hr)

a R-1 20

b R-2 il N/A

¢ R-3 N/A

d R-5 20 L

e E-3 N/A

f E-6 N/A

£ R-6 N/A
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TAB K: STACK GAS MONITOR PROCEDURE

GENERAL: This procedure specifies all the requirements for
operation of the Stack Gas Monitor (SGM) in the reactor room.
This instrumentation is used to monitor, measure, and record
the amount of Argon-41 released to the environment through
the reactor stack.

SPECIFIC:

1. QUALITY ASSURANCE PROCEDURES: A quality assurance check
is performed daily, prior to reactor operations, as part
of the reactor start-up. This check is performed in the
following manner:

a. The particulate filter is changed and the old fil-
ter is8 discarded as radiocactive was‘e.

b. The date and time of this quality assurance check
is entered in the log.

The Detector voltage system set point is checked and
recorded in the log:

d. The air sampling flow rate (should be greater than
3.5 cubic feet per minute) is recorded in the log.

e. The front cover of the detector shield is removed
and the check source is inserted all the way in to
the face of the detector. The blue alert light
shculd come on as the count rate rises above

the alert setpoint. The red high level alert light
and bell should come on as the count rate rises
above the high level setpoint. The esudible alarm
can be silenced by pushing the red button on the
front of the SGM cabinet.

f. After 5 minutes have elapsed, an historical one
minute report printout should be made and the
counts per minute for the third minute of high
level readings should be recorded in the log.

€. The alarms should be acknowledged in the log with
the initials of the person performing the check and
on the SGM by pushing the "acknowledge"” button on
the keyboard.

h. The check source should be removed and the detector
cover should be replaced.

- O - O O N S O O O O O O O O - .
L¢]



i. Finally, the counts per minute reading (paragraph
2f) should be checked against the plot of counts
per minute versus julian date to determine if it
falle within a plus oi minus 5% deviation for the
detector and check source. This check provides the
necessary quality assurance fo: the SGM system prior
to conducting any reactor operations for the
day.

2. HISTORICAL REPORT REQUIREMENTS: There are two his-
torical report requirements for proper documentation of
argon-41 releases.

a. The SCM automatically prints out the amount of |
argon-41 released every 6 hours. Fach of these 6 1
hour reports must be taped into the historical |
release data log. |

\

b. Finally, at the end of each day, as part of the re-
actor shut-down, an historical one hour report should
be printed and taped into the historical release data
log. This report contains the average counts per
minute for each of the 30 previous hours. This infor-
mation can be used to calculate the amount of argon-41
released through through the reactor stack.

the system set points or observed abnormalities should
be reported immediately to the Reactor Facility Director

|
\
\
|
i
3. SYSTEM CHANGES OR OBSERVED ABNORMALITIES: Any changes to i
|
\
and to the Safety & Health Department. }

i

|

|

.




Revised: Dec 1986
PROCEDURE IX REACTOR ROOM SAFETY

General: The following safety procedures will be observed whiie \n the
reactor room.

Specific:

i. Hoist Operations: Perform the following before/during any hoist

operations:
a. Inspect anv lifting equipment (ropes, cables, etc.) for wear or damage

prior to use.

b. Ensure that the hoist has a current load~-testing (within last 12
months).

Ensure areas beneath the hoist are clear of personnel when operations
are underway. This is particularly important when using the hatches between
several floors.

d. Each time a load approaching 10,000 pounds is handled, test the
brakes by raising the load a few inches, applying the brakes and checking
for slippage.

e. Ensure a load is not lowered below the point where two full wraps of
cable remain on the drum,

f. Ensure no tools or poles longer than 10 feet are raised vertically in
the reactor room.

2. Mercury thermometers are not allowed in the reactor room at any time.
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ABSTRACT

This report describes changes to the reactor facility at the Armed Forces
Radiobiology Research Institute (AFRRI) in Bethesda, Maryland. This
Safety Evaluation Report (SER) meets the requirements of Title 10. Code of
Federal Regulations, Part 50.59 (10 CFR 50.59), and provides the basis for
the conclusion that the changes to the facility involve no unreviewed
safety questions and, in fact, are improvements in the facility design at
AFRRI. In order to accomplish these changes, the Facility Safety Analysis
Report (SAR) must be modified. The body of this report centains a
description and safety analysis of the SAR changes. Excerpts from the SAR
and the proposed changes are included as appendices.

Note: Under 10 CFR 50.59, a licensee may make changes to its facility
provided that no changes are made to the Technical Specifications, and
that there are no unreviewed safety questions. The conditions for
unreviewed safety questions are outlined in 10 CFR 10.59.a.2, and are
summarized below:

If the affected equipment is related to safety:

i. The probability of occurrence or the consequences of an accident
or equipment malfunction shall not be increased.

ii. The possibility for an accident or malfunction of & different
type than previously evaluated in the SAR shall not exist.

iii. The margin of safety as defined in the Basis for any Technical
Specification shall not be reduced.



n

III.

Iv.

Abstract

Table of Contents

Introduction

Facility Modifications Safety Evaluation

A,
B.

F.

Overview
Reactor Safety System Descriptions
1. High Fl . Safety Channels One and Two
2. Fuel Temperature Safety Channels One and Two
. SCRAM Systems
. Single Failure Criteria Analysis
. TRIGA Reactor Safety System Failure Analysis
eactor Operational Instrumeantation System Descriptions
. Reactor Operational Channels

a, Multirange Linear Channel

b. Wide Range Log Channel
2. Reactor Interlocks (Rod Withdrawal Prevents)
3., Servo Controller
4. Rod Drives
Reactor Modes of Operation
Comparison of the Current and the New Reactor Safety and Control
Systems
1. Reactor Safety Systems
2. Reactor Operatinnal Control and Monitoring Systems
3. Standard Control Rod Drives
Safety Evaluation Conclusion

3
4
5
R
1

APPENDICES: A. Listing of Corrections to be made to the SAR

B. Proposed SAR Changes for the Previously Discussed Facility
Modification Safety Analyses

C. AFRRI TRIGA Console (Safety) Scram System Single Failure
Criteria Analysis

D. Scram Circuit Safety Analysis for the University of Texas
TRIGA Reactor

E. Analysis of 5 Dollar Ramp Insertion Over a 2 Second
Interval in AFRRI TRIGCA Reactor



INTRODUCTION

Present conditions at the Armed Forces Radiobiology Research Institute
(AFRRI) require that modifications be made to upgrade the reactor
facility. The changes being made to the Facility Safety Analysis Report
(SAR) inciude: The installation of a new Reactor Instrumentation and
Control System and the installation of three new stepping-motor standard
control rod drives.

AFRRI's current reactor instrumentation system is a 1972 vintage unit
(hereafter, refered to as the current (present), old, or 1972 console)
salvaged from the 1977 decommissioning of the Diamond Ordnance Radiation
Facility and was installed at AFRRI in 1978. The design life of this unit
is 10 years. Because this console 18 now 16 years old, maintenance dnwn
time has increased and is expected to continue to increase over the next
five years.

The console’s functional utility is now continuously diminishing due to
the progressive obsolescence of many of its electronic components.
Although the obegolescence of these components does not effect the nuclear
safety of the system, it is a problem operationally. Many of these
electronic componenta are no longer manufactured; consequently, direct
replacements are unobtainable. Redesign of selected circuits to use
currently available electronic components would require, in each case, a
safety review by the reactor safety committee ana possible review and
approval by the NRC.

Estimated hardware costs to entirely redesign, replace, and upgrade
AFRRI's existing console exceed the cost of buying a new instrumentation
system,

Failure analyses of current console components indicate that, under normal
circumstances, AFRRI has sufficient spare parts to sustain its present
operational capability for less than 2 years. Then it is expected that
AFRR] would become involved in serious down time problems.

AFRRI's control rod drive system also suffers from the same progressive
obsolescence, increasing maintenance down time, and spare parts
unavailability as the control console.

Acqu "ing a new state-of-the-art console and control rod drive system
usin, .ntegrated circuits and micreoprocessor technology will resolve these
prob.ems and provide for reliable operation of the AFRRI Reactor Facility
through the year 2000.

This new state-of-the-art microprocessor-based instrumentation and control
system will replace the current control console while improving the
existing operational capabilities and safety characteristics. The new
system will increase reactor operational performance through increasec
productivity, improved efficiency, increased reliability, improved




experiment reproducibility, and incressed maintainability. Productivity
will be improved through increased reactor operating time due to the
system performing automatic self-checks of daily instrumentation
checkouts, and through decreased operator training time - operators will
become proficient in a much shorter length of time. The new system will
increase efficiency in reactor operacors’ time by automatically logging
reactor data or allowing keyboard entry of nonoperational but essential
information pertinent to reactor operations. Experiment reproducibility
will be improved through increased pulse accura.y and repeatability and
through improved Auto Mode capabilities. In Pulse Mode, the system will
provide prompt waveform analysis: peak power, energy, half power width,
reactivity insertion, minimum period, and peak fuel temperature are
measured and calculated automatically and reported promptly to the
operator in either graphic or nongraphic mode. In Automatic Mode, the
operator will select the desired power level, run duration (SCRAM time),
and which rods will be servoed, then position the banked rods, select the
Automatic Mode and let the Reactor Control System perform the run. The
new system will increase maintainability through state-of-the-art system
maintenance design and layout, line replaceable units and on-line system
diagnostics. System safety will also be improved through the performance
of periodic self-diagnostics that determine if the unit is in a safe
operational status. These diagnostics will display error messages
reporting failures to the operator and will automatically place the
reactor in a safe neutronic configuration. Additionally, the system will
have improved Electromagnetic Interference (EMI) protection through
shielding, optical isolation, and digitizing data at near core locaticns,
and will reduce cabling requirements by cullecting data in the reactor
room and then routing that data to the Control Console Computer via serial

data trunks.

The Code of Federal Regulations (Title 10, Part 50.59) requires that
modification of a portion of a licensed facility as described in the
facility SAR be documented with a written safety evaluation. Such
documentation provides the basis for determining that the change does not
involve an unreviewed safety question. An unreviewed safety question
according to 10 CFR 50.59 involves (1) the increase of probability of
occurrence or the increase of consequences of an accident or malfunction
of equipment important to safety compared to that situation previously
evaluated in the SAR, or (2) the possibility for an accident or
malfunction of a different type than previously analyzed in the SAR, or
(3) the reduction in margin of safety as defined in the SAR.

Based on the analyses in this Technical Report, it has been determined
that the proposed changes to the Reactor Facility do not involve any
unreviewed safety questions and will actually improve the facility design
at AFRRI.

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 Resctor 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 safe‘y questions are present and that the changes made do not
increase tiI probability of occurrence or the consequences of an accident
or malfunction.

The proposed modifications require minor changes to the SAR. The body of
this report contains a description and safety analysis of the 10 CFR 50.59
SAR changes. Appendix A contains a specific page/section index of all of
the SAR changes. Appendix B contains excerpts from the SAR, for each of
these 10 CFR 50.58 modifications.

The new Digital Reactor Instrumentation and Control System has been
designed to be safer than the present AFRRI control system which has been
evaluated in the AFRRI TRIGA Mark F Reactor SAR. This has been
accomplisked by continuing to hardwire all safety circuits in a redundant,
fail safe configuration, These safety circuits are completely independent
of the data acquisition computer (DAC) and the control system computer
(CSC). This means that if either or both computers were to fail, the
failure cannot prevent the reactor from scramming. On the other hand,
critical functions of the computers are monitored by "watch-dog~timers”.
If the computers fail to update the timers in a predetermined fashion, the
redundant, hardwired watch-dog-timers will scram the reactor.

As a result, the new Digital Reactor Instrumentation and Control System
has equal or greater sefety built-in than the present AFRRI control
system, which has SAR approval.



FACILITY MODIFICATIONS SAFETY EVALUATION

The installation of the new Reactor Instrumentetion and Control System at
the AFRRI TRIGA Mark F reactor facility will provide equal or greater
operational and safety capabilities with a higher degree of reliability
than the current instrumentation.

OVERVIEW

The basic elements of the new Reactor Instrumentation and Control System
(see Figure 1) will consist of a Control Console, a Data Acquisition and
Control Unit (DAC), two independent Power Monitor and Safety Systems, an
Operational Channel, and a Pulse Channel. This system was design and
built in accordance with ANSI/ANS-15.15-1978 "Criteria For The Reactor
Safety Systems of Research Reactors'.

The Control Console will be a desk-type unit located in the AFRRI Reactor
Control Room. Operators will conduct reactor operations using a set of
control switches and a keyboard located on the console, rand the operators
will receive feedback informaticn through a high-resolution color monitor,
a status monitor, indicators, and annunciators.

The heart of the control console will be the Control System Computer
(CSC). Operators will adjust the rod positions by issuing commsnds to the
CSC, which will transmit these commands to the DAC. The DAC will reissue
the commands to the drive mechanisms. During reactor operations, the CSC
will receive raw data from the DAC, process this data, and present the
data in meaningful engineering units and graphic displays on a number of
peripheral systems.

The CSC will operate two color CRT monitors. A high-resolution color
graphics CRT (Reactor Control CRT) will provide the operator with a real-
time graphic display of the reactor status. This CRT will display the
important operational parameters using bar graphs and digital readouts and
will alert the operator to any abnormal or dangerous conditions. A
Reactor Status CRT will display pertinent diagnostic messages, reactor
status, and facility status information.

The CSC will also interface with a near-letter-quality printer, allowing
the logging of reactor information as required by the reactor operator.
Historical data will be saved in the CSC’'s internal memory and on command
from the operator be replayed, printed, or transferred to removable disks
for permanent storage. This will provide the capability to maintain
records of pertinent reactor statistics and to replay reactor operational
records for training and analysis. In addition, the CSC will operate a
color graphics printer capable of printing steady-state and pulse mode
data as well as producing point-line plots. Finally, the CSC will



interface to real-time recorders of reactor power and fuel temperature.

Jacent to the reactor
and will provide high-speed data acquisition and control capability. The

! itor and Safety Systems, the
Operational Channel, the Pulse Channel, the fuel temperature, water level
and temperature, and control rod positions. The DAC will, on command from
the CSC, reissue the commands to raise and lower the control rods or scram
the reactor. The DAC will communicate with the CSC via serial data
trunks. The secondary trunk will serve as a backup should the primary
trunk fail. These serial data trunks will drastically reduce the wiring
requirements between the Reactor Room and the Control Console,

The Power Monitor and Safety Systems will monitor the power from 1% to
120% of full power (1.0 megawatts) and shut the reactor down (SCRAM) in
the event of an overpower condition. The Operational Channel will moni
the power from source level to full power and the rate of power change
(from <30 to +3 second period) in the steady state modes .

tor

The Pulse Channel will monitor the power level up to 5000 megawatts in the
pulse mode. This channel will use an ion chamber, a photo diode detector,
or some other acceptable pulse monitoring detector. The DAC will collect

information from the pulse channel and transmit the data to the CSC for
processing.

The control console will have 8 Hardwired (Analog) LED Bargraph indicators
which are located on the left side of the console. These hardwired
channels include the two High Flux Safety Channels, the two Fuel
Temperature Safety Channels, the Operational Wide-Range Log Channel, the
Period Channel, and the Pulse NV and NVT Channels. Located below these
analog bargraphs are the Operational Multirange Linear Channel and Fuel
Temperature Channel strip chart recorders. Theae items are all hardwired
and are completely independent of the CSC and DAC computers, and

therefore, will provide information to the reactor operator at all times,
even should the CSC and DAC computers fail,.

AFRRI is also replacing its three 1960 vintage Standard Control Rod

Drives with three new Standard Control Rod Drives using pulsed motor drive
Systems. These stepping mot~rs operate on phase-switched de power. These
motors drive a pinion gear (connected to the Magnet Draw Tube) and a
10-turn positive feedback potentiometer via a chain and pulley gear
mechanism. Except for the drive motors, the new control rod drive
assemblies will be the same as the current control rod drive assemblies.

REACTOR SAFETY SYSTEM DESCRIPTIONS

HIGH FLUX SAFETY CHANNELS ONE AND TWO
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High flux safety channels one and two report the reactor power level as
measured by two ion chambers and a pulse detector placed above the core in
the neutron field. Each safety channel is a part of one multifunction
NP-1000 neutron power channel. For safety reasons (simple redundancy) two
independent NP-1000's are used and they operate identically during steady
state operation. Each channel consists of an ion chamber placed above the
core and the associated NP-1000 electronics. The steady state power level
is displayed on two separate LED bargraph indicators and on the reactor
control CRT.

During pulse opecration, high flux safety channel one is shunted and the
sensor for high flux safety channel two is switched to a third,
independent pulse detector placed above the core. High flux safety
channel two measures the peak power level achieved during the pulse (NV)
and the total integrated power produced by the pulse (NVT) and is
therefore specified as an NPP-1000 instead of an NP-1000. However, 1t
should be noted that both safety channels operate with identical NP-1000
circuitry. Calibration of the NP-1000's 18 done automatically during the
Daily Startup Checklist when the operator initiates the "pre-checks" by
activation of the Prestart Check Switch on the control console’s Mode
Control Panel. Any failures detected during the prechecks will be
automatically reported to the operator via the reactor status CRT.

The high flux safety channels (NP-1000's) form part of the scram logic
circuitry. When the steady state reactor power level, as measured by
either high flux safety channei, reaches the maximum power level specified
in the technical specifications, a bistable trip circuit is activated
which breaks the scram logic circuit, causing an immediate reactor scram.
Similarly, when the reactor power level during pulse operation, as
measured by high flux safety channel two, reaches the maximum pulse power
level specified in the technical specifications, a bistable trip circuit
is activated which causes an immediate reactor scram.

FUEL TEMPERATURE SAFETY CHANNELS ONE AND TWO

Fuel temperature safety channels one and two are independent of one
another but operate in identical manners (simple redundancy). One
thermocouple from each of the two instrumented fuel elements, one in the
B-ring and one in the C-ring, provide inputs to fuel temperature safety
channels one and two, rezpectively. The two fuel temperature signals are
amplified and displayed on two separate bargraph indicators located on the
reactor console and on the reactor control CRT. The fuel temperature
safety channels have internal compensation for the chromel-alumel
thermocouples and high noise rejection. Calibration of the Fuel
Temperature Channels is done automatically during the Daily Startup
Checklist when the reactor operator initiates the "pre-checks" by
activation of the Prestart Check Switch on the control console's Mode
Control Panel. Any failures detected during the prechecks will be
automatically reported to the operator via the reactor status CKT.



In addition to providing information to the reactor operator on fuel
temperature, the fuel temperature safety channels also form part of the
scram logic circuitry. When the fuel temperature, as measured by either
fuel temperature safety channel, reaches the maximum allowable fuel
temperature specified in the technical specifications, a bistable trip
circuit is activated which breaks the scram logic circuit, causing an
immediate reactor scram. The operational fuel temperature limit is
usually set below the technical specifications limit to assure an adequate
degree of reactor protection.

The combination of the two independent High Flux Safety Channels and the
two independent Fuel Temperature Safety Channels provides both simple
redundancy and functional redundancy in terms of insuring that the Reactor
Safety Limit as specified in the Technical Specifications is never
reached.

SCRAM SYSTEMS

The scram logic circuitry (see Figure 2) assures that a set of reactor
core and operational conditions must Le satisfied for reactor operation to
occur or continue in accordance with the technical specifications. The
scram logic circuitry involves a set of open-on-failure logic relay
switches in series: any scram signal or component failure in the scram
logic, therefore, resuvlits in a loss of standard control rod magnet current
and a loss of air to tli: *ransient rod cylinder, resulting in a reactor
scram. The time betwee:. r2tivation of the scram logic and the total
insertion of the control rods is limited by the technical specifications
to assure the safety of the reactor and the fuel elements for the range of
anticipated transients for the AFRRI TRIGA reactor. The scram logic
circuitry causes an automatic reactor scram under the following
circumstances:

- The steady state timer causes a reactor scram after a given elapsed
time, as set on the timer, when utilized during steady state power
operations.

- The pulse timer causes a reactor scram after a given elapsed time, as
set on the timer (in accordance with the limit specified in the
technical specifications), during pulse power operations.

-~ The manual scram button located on the reactor console, allows the
Reactor Operator to manually scram the reactor.

- Movement of the console key to the OFF position causes a reactor scram.
- The reactor tank shielding doore in any position other than fully open

or fully closed will cause s reactor scram (this is part of the facility
interlock system).
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- Activation of any of the emergency stop buttons in either exposure
room or on the console causes a reactor scram.

- A loss of AC power to the reactor causes a reactor scram.

- High flux safety channel one causes a reactor scram at a reactor power
level specified in the technical specifications for steady state modes
of operation. This may be operationally set more conservative than the
technical specifications limit.

- High flux safety channel two causes a reactor scram at a reactor power
level specified in the technical specifications for steady state modes
of operation. This may be operationally set more conservative than the
technical specifications limit.

- A loss of high voltage to either of the detectors for high flux safety
channels one and two causes a reactor scram.

- Fuel temperature safety channels one and two will each initiate a
reactor scram if the fuel temperature, as measured independently by
either channel, reaches 600°C (technical specification limit). This
assures that the AFRR] safety limit (core temperature) of 1,000°C for

AFRRI stainless steel clad cylindrical TRIGA fuel elements, as stated in

the AFRRI technical specifications, is rever approached or exceeded.
The actual operational limit for the fuel temperature safety channels
may be set lower than the technical specifications limit of 600°C.

- A loss of reactor pool water which leaves less than or equal to 14 feet
of pool water above the core (technical specifications limit) causes a
reactor scram. The actual operational limits for the pool water level
may be set more conservatively than the technical specifications limit.

- One watchdog timer on the data acquisition computer and another one on
the control system computer are required to be reset periodically by a
program routine as a safeguard against computer component failures
either in hardware or software. If the required response is not
received within a definite time period, redundant normally open (fail
safe) contacts interrupt the scram loop dropping the rods and shutting
down the reactor. These watchdog timers are additional safety devices.

SINGLE FAILURE CRITERIA ANALYSIS

ANSTI/ANS STD 15.15-1978 "Criteria for Reactor Safety Systems of Research
Reactors” specifies that a Single Failure Criteria Analysis be performed
on all non~redundant reactor safety systems. This analysis was performed
by General Atomics for the new AFRRI TRIGA Reactor Instrumentation and
Control System and is enclosed as Appendix C "AFRRI TRIGA Console (Safety)
Scram System Single Failure Criteria Analysis.” This analysis



demonstrates that, except for the Reactor Key Switch (which does not
perform a safety function except to prevent unauthorized startup), the
Mean Time Between Failure of any single element of the new instrumentation
scram system greatly exceeds (the MTBF's range from 23 years to 125 years)
the design life of the new congole (15 years). This analysis was
performed for any single failure of the reactor safety system.

TRIGA REACTOR SAFETY SYSTEM FAILURE ANALYSIS

Although not required, a Failure Analysis was performed by the University
of Texas and General Atomics of the new Resctor Instrumentation and
Control System. This analysis is enclosed as Appendix D "TRIGA - ICS

Reactor Safety System Failure Analysis”". This analysis looked at the
probability of the Reactor Safety System failing to perform its intended
function: no scram occurs during a scram situation. In order for this to

occur there would need to be simultaneous failures of two or more
components of the Reactor Safety Syatem. This analysis demonstrates that
the Probability of Failure of the new Reactor Safety System is 2X10-1!
failures/hour, or a mean time between failures of 5X10¢ years.

REACTOR OPERATIONAL INSTRUMENTATION SYSTEM DESCRIPTIONS

REACTOR OPERATIONAL CHANNELS
Multirange Linear Channel

The mulitrange linear channel is one of three channels included in the
NM-1000.

The multirange linear channel reports reactor power from source level

[+10-7 Wt (thermal watts)] to full steady state power (1 MWt). The output
of a principle fission detector serves as the channel input. The channel
consists of two circuit sections: the count rate circuit, and the

campbelling circuit., At power levels less than 1 kilowatt(t) the count
rate circuit is utilized. The count rate circuit generates an output
voltage proportional to the number of neutron genrated pulses or counts
received from the fission detector. Hence, the output is proportional to
the neutron population and the reactor power level. For steady state
power levels at or above 1 kilowatt(t) the campbelling circuit is
utilized. The campbelling circuit generates an output voltage
proportional to the reactor power level by a verified technique of noise
envelope amplitude detection and measurement known as campbelling. The
NM-1000’'s micro-processor converts the signal from these circuits into 10
linear power ranges. This feature provides for a more precise reading of
linear power level over the entire range of reactor power.



The NM-1000's multirange linear channel output is displayed in two
formats. These are a bargraph indicator on the Reactor Control CRT
display and a strip chart recorder located on the left-hand vertical panel
on the control console. As a performance check, the microprocessor
automatically tests the channel for campbell circuit operability while the
reactor is operating in *he count rate range and vice verse when the
reactor is in the campbelling range. The multirange ranging function is
auto-ranged via the NM-1000 control system computer.

Wide Range Log Channel

The wide-range log channel like the multirange linear measures reactor

power from source level (~10-? Wt) to full steady state power (IMWt). It
is a digital version of the General Atomics 10-decade log power system to
cover the reactor power range and provide a period signal. For the log

power function, the chamber signal from startup (pulse counting) range
through the campbelling [root mean square (RMS) signal processging) range
covers in excess of 10-decades of power level. The self-contained
microprocessor combines these signals and derives the power rate of change
(period) through the full range of power.

The wide-range log channel forms part of the rod withdrawal prevent (RWP)
interlock system. The channel activates variable set point bistable trips
in the rod withdrawal prevent interlock system if source level neutrons
(~10-7 Wt) are not present, if the reactor power level is above 1 KWt

when switched to pulse mode, if a steady state power increase has a period
of 3 seconds or faster during certain steady state modes, or if high
voltage is not supplied to the fission detector.

The wide-range log and period output are displayed on bargraph indicators
which are both hardwired and on the Reactor Control CRT. The NM-1000's
microprocessor, similar to the multirange linear channel, automatically
tests the wide-range log channel for upper and lower decade operability.

REACTOR INTERLOCKS (ROD WITHDRa®wAL PREVENTS)

A Rod Withdrawal Prevent (RWP) interlock stops any upward motion of the
standard control rods and prevents air from being supplied to the
transient control rod unless specified operating conditions are met. An
RWP interlock, however, does not prevent a control rod from being lowered
or scrammed. Therefore, any RWP interlock prevents any further positive
reactivity from being inserted into the core until specific conditions are
satisfied.

The system of RWP interlocks prevents control rod withdrawals under the
following circumstances:

- RWP prevents air from being applied to the transient rod unless .'e
reactor power level is under 1 KWt,



- RWP prevents any control rod withdrawal unless, as a minimum, source
level neutrons (-~10-? Wt) are present.

- RWP prevents any further control rod withdrawal unless the power level
is changing on a 3-second or longer period as measured by the wide-range
log channel during certain steady state operations.

- RWP prevents any control rod withdrawa. unless high voltage is being
supplied to the fission detector for the multirange linear and wide-
range log channels.

- PWP prevents any control rod withdrawal unless the bulk pool water
temperature is less than 60°C (Technical Specification Limit).

SERVO CONTROLLER

The Servo Controller, in the Automatic and Square Wave Modes, controls the
reactor power automatically to within +/-1% of the demand power level
selected by the operator. Thumbwheel switches are provided on the Mode
Control panel for the desired power selection. The Servo Controller will
track and stabilize reactor power through the utilization of a PID

algorithm (Proportional, Integral, Derivative). The console will be
capable of servoing any combination of the three standard control rods
(REG, SAFE, or SHIM). It will not, however, servo the Transient Rod in

any mode. The operator will be able to select which combination of rods
will be servoed via a Servoed Rod Selector Switch located on the Mode
Control Panel of the new control console. The Servo Controller system
utilizes the latest digital computer technology coupled with extensively
developed software. The current console uses an analog computer to servo
the rods while the new console uses a digital computer to servo the rods.

Reactor flux level and change is accurately and rapidly measured by an
analog/digital input from the Operational (fission) Channel. The PID
algorithm in the DAC then responds to this input as compared to the
operator set Demand Power Level Setting through the servoed control rods
which are powered by precise translator/stepping motor drives. The
(operator selected) drive(s) will be driven up or down automatically to
control the power level to within +/-1% of the Demand Power Level Setting.

The new console Servo Controller can drive all three standard control rods
simultaneously (~$5.50) in the Automatic and Square Wave Modes versus the
old console which can servo the Transient and the REG rods (-$5.50)
simultaneously in the Square Wave Mode and which servoed the REG rod in
the Automatic Mode; by technical specifications the maximum excess
reactivity above cold critical is $5.00, A Ramp Accident Analysis was
performed to insure that a runaway drive situation involving & two second
full-insertion (this is faster than the maximum drive rate of the new
drives) of all three standard control rod drives would not lead to an



event., This analysis was performed by General Atomics under contract to
AFRRI and is enclosed as Appendix E "Analysis of a Five Dollar Ramp
Insertion Over a Two Second Interval in AFRRI TRIGA Reactor”". This
analysis demonstrates that the consequences of this sgccident scenario are
trivial. The peak power level attained is 330MW and the maximum fuel
temperature attained is 330°C. The AFRRI TRIGA Reactor routinely pulses
to peak powers of up to 3300MW and the normal 1 MW steady state fuel
temperature is approximately 420°C. This analysis demonstrates that there
are no unreviewed safety questions.

ROD DRIVES

The rod drive mechanisms for each of the new Standard Control Rod Drives
18 an electric stepping-motor-actuated linear drive equipped with a
magneti ~oupler and a positive feedback potentiometer. The purpose of
each of the rod drive mechanisms is to position the reactor control rod
elements.

General Operational Description

A stepping motor drives a pinion gear and a 10-turn potentiometer via a
chein and pulley gear mechanism. The potentiometer is used to provide rod
position information. The pinion gear engages a rack attached to the
magnet draw tube. An electromagnet, attached to the lower end of the draw
tube, engages an iron armature. The armature is screwed and pinned into
the upper end of a connecting rod that terminates at its lower end in the
control rod,

When the stepping motor is energized (via the rod control UP/DOWN switch
on the operator’'s console), the pinion gear shaft rotates, thus raising
the magnet draw tube. If the electromagnet is energized, the armature and
the connecting rod will raise with the draw tube so that the control rod
is withdrawn from the reactor core. In the event of a reactor scram, the
magnet is de-energized and the armature will be released. The connecting
rod, the piston, and the control rod will then drop, thus reinserting the
control rod into the core.

Stepping motors operate on phase-switched dc power. The motor shaft
advances 200 steps per revolution (1.8 deg per step). Since current 1is
maintained on the motor windings when the motor is not being stepped, a
high holding torque is maintained.

The torque vs speed characteristic of a stepping motor is greatly
dependent on the drive circuit used to step the motor. To optimize the
torque characteristic vs motor frame size, a Translator Module was
selected to drive the stepping motor. This combination of stepping motor
and translator module produces the optimum torque at the operating speeds

of the control rod drives.



REACTOR MODES OF OPERATION

There are four standard operating modes: manual, automatic, square wave,
and pulse.

The manual and automatic modes apply to the steady-state reactor
condition; the square-wave and pulse modes are the conditions implied by
their names and require a transient (pulse) rod drive.

The manual and automatic reactor control modes are used for reactor
operation from source level to 100% power. These two modes are used for
manual reactor start up, change in power level, and steady-state
operation. The square-wave operation allows the power level to be raised
quickly to a desired power level. The pulse mode generates high-power
levels for very short periods of time.

Manual rod control is accomplished through the use of push-buttons on the
rod control panel. The top row of push-buttons (magnet) is used to
interrupt the current to the rod drive magnets. If the rod is scrammed
and the drive is above the down limit, the rod will fall back into the
core and the magnet will automatically drive to the down limit, where it
again contacts the armature.

The middle row of push-buttons (up) and the bottom row (down) are used to
position the control rods. Depressing these push-buttons causes the
control rods to move in the direction indicated. Several interlocks
prevent the movement of the rods in the up direction under conditions such
as the following:

Scrams not reset.

Magnet not coupled to armature.

iource level below minimum count.

Two UP switches depressed at the same time.

Mode switch in the pulse position.

Mode switch in automatic position (servoed rods only).
Period less than 3 seconds.

1M N = W -

There is no interlock inhibiting the DOWN direction of the control rods
except in the case of the servoed rods while in the AUTOMATIC mode. In
all cases, however, the manual scram of any rod will reault in the full
insertion of the rod into the core.

Automatic (servo) power control can be obtained by switching from manual
operation to automatic operation via operator activation of the Auto Mode
Switch on the control console’s Mode Control Panel. All the
instrumentation, safety, and interlock circuitry described above applies
and i in operation in this mode., However, the selected servoed rods are
now controlled automatically in response to a power level and period
signal. The reactor power level is compared with the demand level set by



the operator and is used to bring the reactor power to the demand level on
a fixed preset period. The purpose of this feature is to automatically
maintain the preset power level during long-term power runs. Options are
available to the operator to maintain power by movement of a single rod or
by bank operation of selected rods. The rods to be servoed are selected
by the operator via the Servoed Rod Selector Switch on the control
console’s Mode Control Panel.

In a square-wave operation, the reactor is first brought to a critical
condition below 1 KW, leaving the transiant rod partially in the core.
All of the steady-state instrumentation is in operation. The transient
rod is ejected from the core by means of the transieat rod FIRE push-
but*on. When the power level reaches the demand level, 1t is maintained
in the same manner as in the automatic mode.

Reactor control in the pulsing mode consists of establishing criticality
at a flux level below 1| KW in the steady-state mode. This is accomplished
by the use of the motor-driven control rods, leaving the transient rod
either fully or partially inserted. The mode selector switch is then
depressed. The Transient Rod Fire switch automatically connects the
pulsing chamber to monitor and record peak flux (nv) and energy release
(nvt). Pulsing can be initiated from either the critical or subcritical
reactor state.

COMPARISON OF THE CURRENT AND THE NEW REACTOR SAFETY AND CONTROL SYSTEMS

REACTOR SAFETY SYSTEMS

The current console, which was designed and built in the early 1970's, has
as its Reactor Safety Systems (See Table I) two hardwired independent
analog High Flux Safety Channels, two hardwired independent analog Fuel
Temperature Safety Channels, and a hardwired relay logic SCRAM circuitry.
The High Flux safety Channels derive their signals from two Boron

(neutron sensitive) Ion Chambers mounted above the core, and these
channels have readouts located on the vertical panel of the control
console in the form of analog meters. The Fuel Temperature Safety
Channels derive their signals from two instrumented fuel elements, one
located in the B-ring and one located in the C-ring. The Fuel Temperature
Safety Channels also have readouts located on the vertical panel of the
control console in the form of analog meters. The Scram circuitry has two
independent relay contacts for each safety channel, one located in the
supply side and one located in the return side of the magnet and solenoid
power circuitry. Dropping any one of these numerous relays would cut
power to the magnets and the air solenoid.

The new console, as with the old console, also has as its Reactor Safety
Systems two independent hardwired analog High Flux Safety Channels, two
independent hardwired analog Fuel Temperature Safety Channels, and a



hardwired relay logic SCRAM circuitry. The High Flux Safety Channels,
just like the old console, derive their signals from two Ion Chambers
mounted above the core and have readouts located on the vertical panel of
the control console. However, for the new console, these readouts take
the form of LED bargraphs instead of meters. These new channels were
designed to be the same as the old channels, only updated with current
technology electronics. The Fuel Temperature Safety Channels will still
derive their signals from the same two instrumented fuel elements located
in the B-ring and in the C-ring. As with the High Flux Channels, the Fuel
Temperature Channels have their readouts on the control console in the
form of LED bargraphs instead of meters. It should be emphasized again,
that these safety systems on the new ccnsoles are independent hardwired
analog channels Jjust as those are on the cld console. These systems are
completely independent of the system’s computers and will continue to
function irregardless of the state these computers are in. This will
insure safety system monitoring and control at all times. The Scram
circuitry, again as with the old console, has two independent relays for
each safety channel, one located in the supply side and one located in the
return side of the magnet and solenoid power circuitry. Similar to the
four safety channels, the Scram circuitry was designed to be the same as
the old Scram circuitry only replaced with current technology electronics.
Table 1| shows a comparison between the SCRAMS on the new and old consoles.
The SCRAM circuitry on both systems is the same except for the Safety
Channel Calibrate Scram on the old console and the Watchdog Scrams on the
new console. The old console used to shunt the inputs to the safety
channels while putting in calibration signals to the safety channels.

This created the possibility of operating with a safety channel in the
calibrate mode. To prevent this condition from occurring the old console
had a relay which would scram the reactor if any of the safety channels
were switched to the calibrate mode. In the new system, the calibration
signals are additive to the normal safety channel signals (e.g. the safety
channels are not shunted in the calibration mode). A calibration signal
added to the normal safety channel signal is more conservative (will
always provide a higher channel reading) and therefore does not require a
calibrate scram. However, watchdog scrams, as described earlier, have
been added to the new console scram circuitry. These watchdogs monitor
the status of the DAC and CSC computers and should any of the four
watchdoge (two in the DAC and two in the CSC) fail to be reset by the
software, then the system would scram the reactor. This ensures that
failure of either of these computers or of their software will cause a
system scram.

REACTOR OPERATIONAL CONTROL AND MONITOK.NG SYSTEMS

The 1972 console has an operational channel which derives its signal fros
a fission chamber and generates the Wide~Range Log and Multirange Linear
monitoring channels. The operational channel combines the standard
techniques of Count Rate and Campbelling in an analog computer to provide
the capability to monitor 10 decades of power. The new console uses an
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CONSOLE REACTOR SAFETY SYSTEM COMPARISON

oLD
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

- Woter Level

~SAR

- Key Switch

- Steady State Timer

- Loss of AC

- Facility Interiocks

+ Safety Channel Calibrate

- Individugl 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 Level

-SAR
- Key Switch
- Steacy State Timer
- Loss of AC
- Facility Interfocks
+ Watchdog
- 2 Relays in both the
DAC and the CSC
-~ Individual Rod SCRAM




1

: i =%

t
H

¢

CONSOLE INTERLOCKS COMPARISON

OLC

~TECH SPEC
- 1 kw
- Source Level Neutrons
- Mode | (no two rods)
- Mode Il

(no rod except TRANS)

-SAR

- 3 second period

~ Ops Channel HV loss
- Bulk Water 60 C

+ Ops Channel Calibrate

NEW
-TECH SPEC
- 1 kw
- Source Level Neutrons
- Mode | (no two rods)
- Mode |
(no rod except TRANS)

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

+ (calibrate signal additive)




operational channel which was designed to be a digital version of the old
system; it still combines the standard techniques of Count Rate and
Campbelling to provide the capability to monitor 10 decades of power.

The difference is that this function is now performed with a digital
computer instead of a analog computer and uses current technology
electronics. These two systems were demonstratei to be essentially
equivalent during the manufactures test program <hen both the old and cthe
new systems were operated in parallel.

The interlocks or Rod Withdrawal Prevents (RWPs) for both the new and old
systems are shown in Table 2. Again, these interlocks are the same for
both systems except for the Operational Channel Calibrate RWP o. the old
console. On the old console, the input signal to the operational channel
would be shunted when the channel was placed in the calibrate mode. In
order to prevent operation of the reactor in this configuration, an RWP
was added to the system to prevent rod withdrawal with the operational
channel in the calibrate mode. On the new conscle, the calibration signal
is additive to the normal operational signal, and again is therefore more
conservative and rezquires no RWP. The interlocks on the old console were
all analog logic using relays. The interlocks on the new console use
Digital Logic (Firmware).

STANDARD CONTROL ROD DRIVES

The three standard control rod drives will be replaced. The old drives
used phase~interrupt (analog) motors while the new drives will use
stepping (digital) motors (See Table 3). Only the drive motors are being
changed, the remainder of the control rod drive assemblies will stay the
same .

SAFETY EVALUATION CONCLUSION

The AFRRI TRIGA Reactor, NRC Facility License No. R-84, is classified as a
"Negligible Risk Research Reactor (Pulsing)" in accordince with the NRC
approved AFRRI TRICA Reactor Facility Safety Analysis and es defined in
ANSI/ANS 15.,15-1978 "Criteria for the Reactor Safety Systems of Research
Reactors”. A "Negligible Risk Research Reactor (Pulsing)"”, as defined in
ANSI/ANS 15.15-1978, is "a research reactor for which, in the postulated
event of the complete failure of the reactor safety system coincident with
the occurrence of the most adverse Design Basis Event, the radiological
consequences would be negligible." Pulsing is defined as "a reactor that
has been specially designed with an inherent shutdown mechanism sufficient
to allow the reactor to accept large reactivity inserticns without
exceeding any safety limit."

In analyzing the safety of the AFRRI TRIGA Veactor, it is important to
start with the inherent safety of the TRIGA Fuel, which is designed to
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operate with large positive step reactivity insertions. The inherent
safety of the fuel element stems from its large prompt negative
temperature coefficient of reactivity, which causes the automatic
termination of a power excursion before any core damage results. The
Prompt Negative Coefficient of Reactivity of the AFRRI TRIGA Reactor is
- 0.0126 %XdeltakK/K per °C (~1.7~ents/°C), while the Steady State Negative
Coefficient of Reactivity is - 0.0051 %deltaK/K per °C (-.7cents/°C).
Fuel elements with 8.45 wt.XU have been pulsed repeatedly in General
Atomics’ Advanced TRIGA Prototype Reactor (ATPR) to peak power levels of
over 8,000 MW, and have been pulsed thousands of times to peak power
levels greater than 2,000 MW. The AFRRI TRIGA Reactor is limited to a
$4.00 step positive reactivity insertion (technical specification limit)
which would yield a peak power level of approximately 4,700 MW,

The AFRRI Facility Safety Analysis Report has analyzed two Design Basis
Accidents. The first Design Basis Accident, called the "Fuel Element Drop
Accident,” involved the postulated occurrence of a cladding failure of a
fuel element after a 2-week period where the saturated fission product
inventory of a 1 MW steady state operation has been allowed to decay after
being taken out of the operating core and placed in storage; the saturated
fission product inventory is obtaired after 100 hours of continuous
reactor operation at full power (1 MW). The cladding failure could occur
when the fue! element is withdrawn from the reactor pool. While the fuel
element i2 exposed to air, a cladding failure could occur coincidental.y,
or due to a drop. As the AFRRI FSAR explains, the probability of such an
accident is counsidered to be extremely remote. The second Design Basis
Accident, called the Fuel Element Cladding Failure Accident, involved the
postulated occurrence of a cladding failure of a fuel element during a
pulse operation or inadvertent transient following a steady state
operation of 1 MW. Again, it was assumed a saturated fission product
inventory which occurs after 100 hours of continuous reactor operation at
full power (1 MW), and a pulse operation with an integrated energy of

40 MW-gec, A 40 MW-sec pulse operation is roughly »quivalent to a step
positive reactivity insertion of approxicately $4.50. The maximum worth
of the AFRRI TRIGA Pulse Rod (Transient Rod) is approximately $3.75, and
as such a 40 MW-sec pulse operation is an extremely conservative
assumption. The AFRRI FSAR again explains that the probebility of such
an accident is considered to be extremely remote.

The analysis in the AFRRI FSAR shows that "... the consequences from the
Pesign Basis Accident of a fuel element drop accident or a fuel element
clad failure accident were insignificant." Therefore, it was

concluded that the operation of the AFRRI reactor in the manner
authorized by Facility License No. R-84 does not represent an undue risk

to the health and safety of the operational personnel or the general
public.”

Both of these Design Basis Accidents (DBAs) were postulated on the
occurrence of one or two predetermined, deliberate man-made events. In
the first DBA, the scenario required that the reactor be operated



centinuously for 100 hours at full power to build up a saturated fission
proaé.ct inventory. In the second DBA, the scenario again requires a
saturated fission product inventory followed by a step positive insertion
of reactivity that produces 40 MW-sec of integrated energy. AFRRI has
never operated at full power for 100 hours continuously, nor will probably
ever operate in this manner under normal operating conditions. Both of
these DBAs require fuel cladding failures following a set of specific man-
made conditions and are not a result of any failures on the part of the
Reactor Safety Systems. It was shown previously that the new console has
a MTBF of the Reactor Safety System of 5 X 10 years. Failure of the
Reactor Safety System would not initiate a Design Basis Accident. Even
should the Reactor Safety System suffer a complete failure at the same
moment as a DBA, the consequences would be negligible.

It was determined during the design of the new Reactor Instrumentation and
Control System that no technical specification changes would be required.
There are no technical specification changes associated with the
installation or operation of AFFRI’'’s new Reactor Instrumentation and
Contrnl System.

The new Reactor Instrumentation and Control System will offer a dramatic
improvement in operational productivity, system reliability, and system
maintainability.

The new Digital Reactor Instrumentation and Control System has been
designed to be salfer rhan the present AFRRI control system. This has been
accomplished by continuing to hardwire all safety circuits in a redundant,
fail safe configuration. These safety circuits are completely independent
of the data acquisition computer (DAC) and the control system computer
(CSC)., This means that if either or both computers were to fail, the
failure cannot prevent the reactor from scramming. On the other hand,
critical functions of the computers are monitored by "watch-dog-timers'.
[f the computers fail to update the timers in a predetermined fashion, the
redundant, hardwired watch-dog-timers will scram the reactor. As a
result, the new Digital Reactor Instrumentation and Control System has
equal or greater safety built-in than the present AFRRI control system,
which has SAR approval.

Based on the analyses in this technical report, it has been determined
that the proposed changes to the Reactor Facility do not involve
unreviewed safety questions and, in fact, are improvements in the facility
iesign at AFRRI.




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 prcbability of occurrence or the consequences of an accident
or malfunction,
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4-16

$-16b

4-22

4-23

4-24

Section

4.10

4.10.2

Figure 4-8

Section 4.11

Section 4.11

Section 4.11.1

Section 4.11.2

Section 4.11.3

Change

This change will clarify
the difference in the type
of drive used for the
standard and transient
rods.

The paragraph is modified
to reflect the new step-
ping motors used in the
control rod drives.

The figure has been up-
dated to depict the new
control rod drives on the
standard control rods.

The phrase "three ion
chambers” has been changed
to "two ion chambers and a
pulse detector” to allow a
Cherenkov detector or an
ion chamber to be used for
pulse operations.

A paragraph describing the
NM~-1000 has been added to
the SAR.

The section describing the
Multirange Linear Channel
has been updated to re-
flect changes incurred by
the new console.

The section describing the
Wide-Range Log Channe'! has
been updated to reflect
changes incurred by the
new console.

Portions of the section
describing High Flux
Safety Channels One and
Two have been modified to
reflect changes incurred
by the new console.



Page
4-29

4-27

Section

Section 4.11.4

Section 4.12

Section 4.12

Change

Portions of the section
describing Fuel Tempera-
ture Safety Channels have
been modified to reflect
changes incurred by the
new console.

The RWP associated with
the wide~range log channel
in any mode other than
OPERATE 18 no longer
required.

See 10 CFR 50.59 writeup.

The SCRAM associated with
any of the safety channels
iln any position other than
OPERATE is no longer
required.

See 10 CFR 50.59 writeup.
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Facility Modification Safety Analyses




REACTOR CONTROL COMPONENTS (Section 4.10)
CURRENT SAR WORDING:

"Control rod movement within the core is accomplished
using reck and pinion electromechanical drive for the
traneient control rod."

PROPOSED SAR WORDING:

"Control rod movement within the core is accomplished
using rack and pinion electromechanical drives for the
standard control rods, and pneumatic-electromechanical
drive for the transient control rod."

STANDARD CONTROL ROD DRIVES (Section 4.10.2)

CURRENT SAR FIGURE:
Figure 4-8

PROPOSED SAR FIGURE:
Figure 4~8 (modified to reflect new control rod drives)

CURRENT SAR WORDING:

"The standard drive consists of a two-phase motor, a
magnetic coupler, a rack and pinion gear system, and a
potentiometer used to provide an indication of rod
position, which is displayed on the reactor console.”

PROPOSED SAR WORDING:

“"The standard drive consists of a stepping motor, a
magnetic coupler, a rack and pinion gear system, and a
potentiometer used to provide an indication of rod
position, which is displayed on the reactor console CRT."

CURRENT SAR WORDING:
"Clockwise rotation of the motor shaft raises the draw
tube assembly."”

PROPOSED SAR WORDING:
“"When the stepping motor is energized, the pinion gear
shaft rotates, thus raising the magnet draw tube."”
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REACTOR INSTRUMENTATION (Section 4.11)
CURRENT SAR WORDING:

"A fission detector and three ion chambers comprise the
remaining detectors."

PROPOSED SAR WORDING:

"A fission detector, two ion chambers, and a pulse
detector comprise the remaining detectors."”

NM-1000

ADD TO THE SAR: (at Section 4.11)

"The NM-1000 system, which includes the Multirange Linear
Channel and the Wide-Range Log Channel, is conteined in
two National Electrical Manufactures Association (NEMA)
enclosures, one for the amplifier and one for the proces-
sor assemblies. The amplifier assembly contains modular
plug-in subassemblies for pulse preamplifier electronics,
bandpass filter and RMS electronics, signal conditioning
circuits, low voltage power supplies, detector high-vol-
tage power supply, and digital diagnostics and communi-
cation electronics. The processor assembly is made up of
modular plug-in subassemblies for communication elec-
tronics (between amplifier and processor), the micro-
processor, a control/display module, low-voltage power
supplies, isolated 4 to 20 mA outputs, and isolated alarm
outputs. Communication between the amplifier and pro-
cessor assemblies is via two twisted-shield2d-pair
cables.”

MULTIRANGE LINEAR CHANNEL (Section 4.11.1)
CURRENT SAR WORDING:

"The multirange linear channel reports reactor power from
source level (~10*? thermal watts) to full steady state
power (1 MWt). The output of the fission detector, fed
through a preamplifier, serves as the channel input. The
multirange linear channel consists of two circuits: the
count rate circuit, and the campbelling circuit. For
power levels less than | kilowatt(t), as selected on the
power range select switch, the count rate circuit is
utilized. The count rate circuit generates an output
voltage proportional to the number cof pulses or counts
received from the fission detector. Hence, the output is
proportional to the neutron population and the reactor
power level, For steady state power levels at or above |




kilowatt(t), as selected on the power range select switch,
the campbelling circuit is utilized. The campbelling
circuit generates an output voltage proportional to the
reactor power level by a verified technique of noise
envelope amplitude detection and measurement known as
campbelling. The output from the appropriate circuit is
fed to an amplifier which supplies a signal to the strip
chart recorder located on the reactor console. The power
level is scaled on the strip chart recorder between 0 and
100 percent of the power indicated by the power range
select switch on the console. The strip chart records
this output for all steady state modes of operation but
not during pulse operation.

PROPOSED SAR WORDING:
"The multirange linear channel reports reactor power from
source level (~10-? thermal watts) to full steady state
power (1 MWt)., The output of the fission detector, fed
through a preamplifier, serves as the channel input. The
multirange linear channel consists of two circuits: the
count rate circuit, and the campbelling circuit. For
power levels less than 1 kilowatt(t), the count rate
circuit is utilized. The count rate circuit generates an
output voltage proportional to the number of pulses or
counts received from the fission detector. Hence, the
output is proportional to the neutron population and the
reactor power level., For steady state power levels at or
above 1 kilowatt(t), the campbelling circuit is utilized.
The campbelling circuit generates an output voltage
proportional to the reactor power level by a verified
technique of noise envelope amplitude detection and
measurement known as campbelling. The NM-1000's micro-
"ocessor converts the signal from these circuits into 10
.near power ranges. The multirange linear channel output
is displayed in two formats. These are a bargraph
indicator on the Reactor Control CRT display and a strip
chart recorder located on the left-hand vertical panel on
the control console. The power level as displayed on the
CRT bargraph and the strip chart recorder is scaled
between 0 and 100 percent for each of the 10 linear power
ranges. The multirange function is auto-ranged via the
NM-1000 control system computer. The multirange linear
output on the CRT bargraph is displayed for all steady
state modes of operation, but not during pulse operation.




WIDE-RANGE LOG CHANNEL (Section 4.11.2)
CURRENT SAR WORDING:

"The outputs of these two circuits are log amplified and
then summed in a summing amplifier., The summing amplifier
supplies a signal to the strip chart recorder located on
the reactor console. The power level is indicated on a 10
decade log scale (19-? watts(t) to 1 MW(t)). The strip
chart records this output for all steady state modes of
operation but not during pulse operation.

During certain steady state modes, the wide-range log
channel also measures the rate of change of the power
level, which is displayed on the period/log meter located
on the reactor console.”

PROPOSED SAR WORDING

"The outputs of these two circuits are digitally combined
and processed to pruvide the power rate of change (period)
and the power level indicated on a 10 decade log scale
(10 watts(t) to 1 MW(t)). The wide-range log and period
outputs are both displayed on bargraph indicators on the
Reactor Control CRT and on hardwired vertical LED bar-
graphs on the left-hand side of the Res * )~ Control Con-
sole. The outputs on the CRT bargraghs re displayed for
all steady state modes of operation but nct during pulse
operation.”

HIGH FLUX SAFETY CHANNELS ONE AND TWO (Section 4.11.3)
CURRENT SAR WORDING:

"High flux safety channels one and two report the reacter
power level as measured by three ion chambers placed atove

the core in the neutron field."

PRCYOSED SAR WORDING:
"High flux safety channels one and two report the reactor
power level as measured by two ion chambere and a pulse

detector placed above the core.”

CURRENT SAR WORDING:
“The steady state power level, as measured by the two high
flux safety channels, is displeyed on two separate meters

located on the reactor console.”



PROPOSED SAR WORDING:

"The steady state power level, as measured by the two high
flux safety channels, is displayed on two separate bar-
graphs located on the reactor console."”

CURRENT SAR WORDING:

"During pulse operation, high flux safety channel one is
shunted and the sensor for high flux safety channel two is
switched to a third, independent ion chamber placed above
the core."

PROPOSED SAR WORDING:

"During pulse operation, high flux safety channel one is
shunted and the sensor for high flux safety channel two is
switched to a third, independent pulse detector placed
above the core.”

CURRENT SAR WORDING:

“"The NV channel output is displayed on the strip chart
recorder located on the reactor console. The NVT channel
output is displayed on the reactor console NVT meter."

PROPOSED SAR WORDING:
"The NV and NVT channel outputs are displayed on two
separate bargraph indicators located on the left-hand

side of the console."”

CURRENT SAR WORDING:

"Knobs for each channel, located on the reactor console,
allow the channels to be checked for calibration.
Switching these knobs to any mode from operate (i.e., to
the zero or calibrate positions) causes an immediate
reactor scram."”

PROPOSED SAR WORDING:

"Calibration of each safety channel is done automatically
when the operator initiates the "pre-checks" by activation
of the Prestart Check Switch on the control console’s Mode
Control Panel. Any failures detected during the prechecks
will be automatically reported to the operator via the
reactor status CRT. This calibration can only be per-
formed while the reactor is in the SCRAMMED mode."
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CURRENT SAR WORDING:

"A trip test knob for each safety channel ..."

PROPOSED SAR WORDING:

"A trip test switch for each safety channel ..."

FUEL TEMPERATURE SAFETY CHANNELS (Section 4.11.4)
CURRENT SAR WORDING:

"The two fuel temperature signals are amplified and
dieplayed on two separate meters located on the reactor
console. During pulse operation, the output of fuel
temperature safety channel one is also recorded on the
reactor console strip chart recorder."

PROPOSED SAR WORDING:

"The two fuel temperature signals are amplified and
displayed on two separate bargraphs indicators located on
the reactor console and on the reactor control CRT."

CURRENT SAR WORDING:

"A trip test knob for each fuel temperature safety
channel, located on the reactor console, provides a means
of testing the scram capability of each channel without
having to actually reach or exceed the technical
specifications limit on allowable fuel temperatures.’

PROPOSED SAR WORDING:

“Calibration of the Fuel Temperature Channels is done
automatically when the reactor operator initiates the
"pre-checks"” by activation of the Prestart Check Switch on
the control console’s Mode Control Panel. Any failures
detected during the prechecks will be automatically
reported to the operator via the reactor status CRT."

ROD WITHDRAWAL PREVENT (RWP) INTERLOCKS (Section 4.12)
CURRENT SAR WORDING:

"RWP prevents any control rod withdrawal if the wide range
log channel is in any mode (i.e. position) other than
OPERATE."

PROPOSED SAR WORDING:

-This requirement is deleted (See document for analysis).



10. SCRAM LOGIC CIRCUITRY (Section 4.14)

CURRENT SAR WORDING:
"Any of the safety channels (fuel temperature safety
channels and high flux safety channels) in any position
other than OPERATE (i.e., CALIBRATE or ZERO) causes a
reactor scram,"”

PROPOSED SAR WORDING:

~-This requirement is deleted (See document for analysis).
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AFRRI TRIGA Console (Safety) Scram System
Single Failure Criteria Analysis

REFERENCES:

1. I[EEE 279-1971 Criteria for Protection Systems for Nuclear Power
Generating Stations.

2. I[EEE 379-1977 Application of the Single-Failure Criteria to Nuclear
Power Generating Station Class [E Systems.

The following analysis is postulated upon the principle [explained in Reference
2, Section 6.1(4)] that redundancy of protection devices provides complete
assurance of safety in operation with regard to the parameter momitored by
the device. For example, the failure of a fuse to blow when subjected to its
designed rating of overload current is a credible possibility, but the failure of
two identical fuses in series to blow simultaneously is not a credible

possibility.

1. The steady steady-state timer scrams the reactor after an elapsed time
and no redundancy is provided. The probability of the failure of this
device is estimated as follows:

Mean Time Between Failure (MIBF) of the electronic circuitry is about
200,000 hours based upon parts count and stress factor per
MIL-HDBK-217B. At 200 hours per month this is one failure in 83
years.

The electromic timing circuits operate relay contacts whose failure rate is
expressed in operation cycles rather than MIBF. A conservative estimate
based on manufacturers specifications is 25,000 operating cycles. At two
cycles per day and 5 days per week, this is one failure in 48 years. The
most likely failure is increased contact resistance rather than welded
contacts so that an unsafe condition probably is not credible in less than
100 years of operation. The steady state timer is not a required safety
system component.
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The pulse timmer scrams the reactor after campletion of a power pu.se ans
no redundancy is provided. The rated lile of this device is 250,000
electrical operations which exceeds the probable number of pulses to be
produced.

The probability of random failure calculated as MIBF per
MIL-HDEK-217B based upon parts count and stress factor is greater than
300,000 hours. At 200 hours per month, this is equivalent to one failure
in 125 years.

The manual scram button is used to shut down the reactor manually. The
specified life is 100,000 cycles of operation. At 15 manual scrams per
day this would be one failure in 25.6 years. However, this is a normally
closed switch with a direct acting operator. The most likely failure mode
is a broken switch structure which would result in failure to reset after a
scram.  Welded contacts would be separated by mechanical force of the
direct action operator. Redundancy for s manual scram exists in the
console operator key switch and power on switch.

The console key switch de-energizes the magnet supply as weil as other
circuitry. The estimated life is 10,000 operations. At 15 operations per
day, this is a failure rate of one every 2.6 years. However, the key
switch is not depended upon to performm a safety function except to
prevent unauthorized startup. The manual scram button provides shutdown
redundancy so that an unsafe failure is not credible.

All reactor tank shielding door interlock switches and emergency stop
buttons remain from the existing system and are unaffected by the new
hardware. The emergency stop switch and all other switches on the new
console use the same actuator and switching element as are used on the
existing system.

i
?




10.

The loss of AC power causes the magnet supply to be de-emergized which
in turn produces the same response as a manual scram, dropped rods.

The high level trips in the two power safety channels are redundant and
therefore do not present a credible mode for failure. All non-safety
outputs are physically separated and isolated to prevent comxnon mode
failures which may otherwise invalidate the single failure criterion. A
minimman separation of six inches, or a metallic flame barrier exists
between all safety and non-safety circuits. A minimum isolation voltage
of 1500 volts RMS or DC applies to both optical and transformer
isolation.

The MIBF of the two NP1000 safety modules is greater than 20,000
hours based wupon coamponent failure rate data taken from
MIL-EDBK-217B. The bistable trip portion of the NP1000 has an MTIBF
greater than 200,000 hours. Because the NP1000’s operate independently,
each with its own detector from the existing system complete redundancy
exists.

The detector high voltage is interlocked by trip circuits in the power and
safety channels and the redundant circuitry makes unsafe failures not
credible. Separation and isolation criteria of item 6 above apply.

The two fuel tempersture safety chaanels are high relisbility modular
signal conditioner/limit alarm devices each with calculated MIBF figures
exceeding 200,000 hours. The channels are redundant with separation
criteria applied to the wire harness therefore an unsafe failure is not
credible.

The magnet supply ground fault detector uses a high reliability modular
signal conditioner/limit alarm.  The signal conditioner module has an
MIBF of greater than 200,000 hours. The limit alarm uses a relay rated
for more than 25,000 operations. There is a pushbutton switch which is
used to test the operability of the ground fault detector on a daily
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basis. Because the relay only operates during testing and fau::

conditions the end of life cannot be reached. Therefore the
of an undetected ground fault is the probability of random fail
signal conditioner which is less than one in 23 years,

probability
ure in the

Pool Level Monitor - Pool water level is monitored with redundant float

operated switches and redundant relays with contacts in the scram
circuits.

The switches and relays have failure rates of less than one in 106 hours

but redundancy makes a water level monitor failure not a credible failure
mode.

Watchdog Scracw - A watchdog timer on the data acquisition computer
and another on the control system coxputer are required to be reset
periodically by s program routine as safeguard against camputer
component failures either in hardware or software. If the required
response is not received within a definite time period, redundant normally
open (fail safe) comtacts interrupt the scram loop dropping the rods and

shutting down the reactor. The watchdog timer is an additional safety
device.
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April 22, 1988

Mr. Junaid Razvi
General Atomics

P.0. Box 85608, Ms/21
San Diego, CA 92138

Dear Junaid:

As per our discussiom at the TRICA meeting, I have enclosed a copy of
the complete safety circuit evaluation we developed from the available GA
information. I hope that this analysis might provide valuable support for
your analysis of the new console installation. A review by knowledgeable
persons should be made to ascertain that our understanding and evaluation
of the documents is correct. I believe that although the system has
evolved from some of the documentation we had available, the changes to the
analysis are not likely to be significant. An effort was made in the
method of presentation to demonstrate various conditions.

Please review and return comments. Other persons have also expressed
an interest in the analysis but I'd prefer to have General Atomics comments
to make available on final document.

Thank you for your help in this matter.

Sincerely,

:SIL..—-J p A Bartn

Thomas L. Bauer

Assistant Director

Nuclear Engineering
Teaching Laboratory

TLB:dlw
Enclosure




The Tniversity of Tevas at Justin

Scram Circult Safety Analysis for The University of Tenas
TRIGA Reactor

Prepared by:

Dr. Thomas Bauer

Professor of Mechanical Engineering

David Goff

Engineering Science Student

fApril 22, 1968
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ulrage detect caromt falurs

The Iirst two fatlure typ<s inliersntly soram the system Ly cutnng ot
ponder to the control rods. Therefcie, they are not of concern for tlus
MNANTES A ROt aling either the SULQLY Or return tramn or to & [orsr
SUDELY which 13 aunliar to that sunpdied 10 the seram arcuit wWenld not e
Astectad by the soram circmt. Such 3 short woul s negats the safst relavs
Delor: the short (f it were 10 the SURPLY trawn or thoss after a short in the
refurn trawn. However, for this o l#ad to an ur ~afe fatlure, such shorts
Bl RaTa 1o accur on both the SUpply and return trains becanse all i3ty
Fnitors are Juplicated on both traing. This redundancy structiure 18 shown
i the fault tree and makes this a non-single falure mode

The otlisr branch of the fault tree shows the probabilities associated with
faults i the ground detect and voltage detect circutts. For thess to causs 3
Pot=atal non-scram stuanon, lowever, 3 short to ground must coour as well
28 the ground detect fatlure. Zinularly for the voltags detect crout, only a
SRSOr monitor failure coupled with irregular voltags can cavse a potential

nofi-scram situatyon



The | Uation {1 this fegllienil ol the fAallt Uee, Ther, 13

VR SR P . P U TN o T

Py, g8 i Fualt of berest Fawt v berect " Jhline Alaer’

Whete the :quared term 1ndliatss thot eitlier 2 SROrt t0 powsr of slong
Wie L tAUAL CooUr o6 Loth the SURELY and return lnes NE P, 2 th

Probabality of 2 iheat W Dowiel "ol 1o dillarent (1o the fotwer surEly a0

Lglice delectalle VY e "'“irv'.'é"-.' ottonng cawants wiitle F’_“J" 1% tlie

Provatnlity of a :hoat 1o poter indiztinguriliabile 1o the potwer surpl

Ay

an be subitituted 1nto Equation | a8 part ol the overall tatlur e

provabaiey
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PHYSICAL SYSTENM FAULT TREE
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Limiting Satety Syster Setting

The LS23 consists of the miel tetiferatur»

TORtor: and the fer snt

potier momtors For sither Mgl fuel temperaturs o Fercent potier to

CAULTE B NON-SCrAM HTUATILN reld e o Lot the LT and return tramns

LIVER [ Thos 18 Lecauis thers are tusns Hpd=fetd=nr fhel terreraturs

P e Coilie tad T each e of i 2
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The quation for the poobabaliee of L2207 1aglurs 32 s WAL e a0t
Pl slprt....""Fu.r"' \o!
Foo; 37 be plugged into Ejuation 1 a3 part of ths overall failurs

prebability equausn.
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System Operable Failure

The systetn oferable COIGE-L=0its are the |otw-water le¥el, gl votags,
Vatihdeg, and «ternal soram relays Each of these has edependsnt sensors
VAred 1t Loth the SUPELY 2ad return linss and 5015 a non-ingle falurs
e The Lowtrater laval monirors VATSr leval i the tank High viirags

M=K the viltags o the Frrosil Futwar oo and the eTern i ;

U211
25 That ol 231008l ol it 63 are et 1f Efcable. There tre v ran
R 5 O o B e B The L 00 a0 one 121 the DAC. T ¥y Lo LIter the |
|
POt Al WEll Soramn if Bt Peiet evary five <o wdi by they Lafuiter ;

Thiz =quatio

L1 L

MR The DUOLAtIUtY 33 5001atad wath the SYitetn

VPErAble seqment of the fault tree o

B Mo el i ¥ (4) ‘
ssip * 'y IR 0 ch’ "‘F:.t:.r" H'I;;;c' "pm' v

"Where the iquared terms are due W the redundancy w the syitem P;.m
val be pluged into Equation | as part of the overall failure probatality




SYSTEM CPERABLE FAULT TRee
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Computer/!anual Control

This s=ction Jdesiribes the probabality of (aulure of the Prosrang r=1a7;: snd
A0 ORErAtOr 0ram. Juie the progedin relays are nlentical, the poisitle
Tatur#s are that vne t=13y (auli to opett on Comunand of that tw, thres op all
four tatl 11 only ofie relat? fails, mierton of the thrs remamtng rid: vl
LU N e Peactir 20 Thls 15 not an unzals fatlure tode [f anw o thres
oF 3l E0r relays fadl o Open, the reactor wWill not shut down. 1813 easly
deriinatrated with a probabality tree analviis that the probabality of falurs
of o0 4o 4l the relays 1s c'F',';' v -!F"j « Py wliere Pyo1s the provatuiey of a
Hhgle relay talure. Thus elpression wall clearly be donunated by the nirst
terra [or small Fy g0 the cube and [ourth power terms Wil be disregarded 1n
furthier analysis.

The cperator soram is aormally initiatsd with the raanual scram svatch Io
the caze of @ switih fallure, hovwever, the Sperator has other means ol
shutting down the realtor. These include the Ley swikh and the individual
rod contcls, The eipression [or rod control fallure 15 tased ¢n the sate
thres-out-of -four log1s as the program relays as again, only thres rods must
Pettiertsd to shut the reacter down.

Thie 2l r=:3100, then, (0r the probability of failure of these subayitznis 15,

SRR Gk BT SR ) LT SR (5)

lote that the operator has tires idependent metlicads to scram ths
svitern, all of which raust fail for a non-ssram situation to arse. This s
lughly unlibely as the switches themselves are redundant. The manual scram
SWALCh, [or ezample, 13 varead directly into the rod control circuit at tw places,
Eoth of wmich must fau for the manual scram to fal Zimilarly, the Lev

i

SUMUN 12 wAred directly nto the soram circuit and also vwall send a fpotter off



3303l O the CI0 THs sgnal sps the o 20 (rog UEdanng the watih g

Tiers and after 1172 300043, ey wal nrge our < Ca0rg

Hrect relay fagded ro Ao a0 Froadly, there ar+ the whiveival rod g s

lod

”4, » Rahi ah . e 10¢be g ' A o & " 2t . . . =
Tliege ate run threush the © 00 a0 2o detnalid Al the sofrurire e 0Ty 1T
: }
PPy Betratter Phra 1.oae 311 S 1relaw volmiirar -1 r
' . : . -t . LR I - - : - “re : . Y , LY
Mlie =20t o1 3 0T ar= [atlares - MGG Y TLetl TLsl thie 200 0% ., it
U Thilee o Thie [0 food conrels muse Ty TOOp=0TY toshint doven the

(20har, Lo Ners 22 00 Wil (i3t e (4
Corerall, then ther# must L+ i#varal Catasteplas (aiures all WOULTing

SauItanecusly, nons of wWhich i3 canied Lo an 72t which would trigger

-

CILEC Salety syitenns, for the OPerator not to be able to scram the 17:tem

Llearly, the expression 18 dominated bY the chance of a prograw relay

latlurs and the Frobability of the Cperator being unable to scram ths ¢ stem

-
.
Bl

15 vanustungly simall

the cirout if the

[ature: tor the sPitern ot o s



COMPUTER / MANUAL
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Fatlure Analysis

< Many ol Urerelays-in the suram (s it a2 of the salue Urpe and lisnce

s Ve wdential fubire probabritties The lugh voltage percent povser, Loty

- WATEr, WAlCNAE et teperatur s «Ternal soram and program [#l3vs are

Al silar, An «Ipr=iion for the situnated (20Urs rate for relays 12 Lol in

f filars 7 J (T $ Xt ? T & ' 35 | = 2 a2 ] - T Ny “er s s
LALTSEY fafpdbawidl 217 Fatii] = [tisbaied i Lle =11 nn=-nr =2 Ty
et that the I:—l:'",.' 2 @iTomi g T Opepata atpd of courss .'-.-lixt-' "j':'-.'-

Ll Hanediood, 217es the elmr=ssan [or Talure as

Ar o CPL T * P Puye * By * Byt T3tl0res/ 1O™ birs (6)
S230M0%E 3 doiible fole, dngle throw, solenod rlay cperaung ot 1sss
tan die cyile per hour, carrving less than f1vs ALLS, The lilerature g1ves the

medinication fractors as

P, =16 @ Euvironmental Facror

Fo= 15 Contact Type Factor

Faye = 1 Cycle Rate Factur

Pe= 12 Fawdly Construction/Application Factor
P15 Quality Rating Factor

fp= 128 Load Factor

1, = uub . Base Relay Failure Rate

{uation © then givas A = | failure/ 10 tirs. 1f Py is the probatality of a

(23]

relay (ailure per hour, then Py = | 2 10°% failures/hr.
For the mannal 2irac, conteed £od and Ley switches, a sinlar e redin
gt H
$° 0 By * Pu* Poye * T fallures/ 10 nrs (7)

Whers:
P, =29 @ Environmental Factor

L

P,=20 @ Contact Type Factor



A R T USSR A Y SWIte FRIlTo Rate

Peye ® 10 Cyils Rate Fastor
[y =477 Load Factor

Then A g s Tatures, 1u" Lis and oo 221079 faulures e Hois that ths

13 -:vni;f tt1‘+.r.x'\:.t7557111r3' CEA EhPsral tadurs <1 ' he vateh itaself Hovraver
Vel 303e Of the redundaney 1 the Cleration of the switolies, 38 deicribted 1
thie T20000 S0 CRRrator $irats this Frobabality 12 much larger than that of
e 30N Cpetating properly, but faling o 20ram the s7:tem dus to nternal

‘e

itethh [atlure

For the conductors in the cireurt, data s given Ly the [EEE Gutde to the

Elsctronic Sensing Compensnt and

luclear Power Genarating Statians

The Guide suzzssts rom emparical data that for a short to ground. the
probamility is P3 = 121077 fatlurss/hour /10 sircuit fest The probvatality of a
Tt o power 15 Prwr=fzx 1079 faitures Mour/ 10 cirowt f4st, itz
asilmned that a short to line is simular in procability to a short to puiver.

Tha ground and voltage detect circuits were assumed to have the sanie
failure rats as a sensing instrument over AUl This is a rather conservalive

number then, as the detect circuits ars muc. dimpler than most sensing
atruments and have fewer failure modes

SUgg=3s a [ailure rats for a sensing instrument as Pinst = 12 1077
failures/nonr

ThL# probabilities calculated in the fault trée analysis then, qIve

Fivsop » 5 * Py? = 52 10712
i . y | sald
pL:-:S'."F'a“leU I

. : ;' '. T "l:
‘r'fump-"“iu . LF Y. *ps sDX 1V
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- g theds nutibets 1n Equation 1, tve iee thl®

4 7

ke S o lgan o Jelozh L fallures Ml ar amean tittie Lettiesn (ailures of 1210

years For the falures constdsred: [Lis anportant to note that th: 13 ¢

v

Rt
fthe

== fed Q10 100 The CQrINe 05 29 WAthout fatlurs, the long Wlstini- 13 13fle

.

et anye of thes iihiztent deiian tf the 205t i st all sinle faurs: all
6 N N Nt in g {4 - 91 | SR o L 'y - g . “amirer e
1§ 4 SCTAN UL, el e, LY WD O MAre 1alures cosurring

SmAltanscusly Tan 1234 10 3 potentallY unsate faulurs. The uupr batality of

Tz DALpening 18 raflectsd 1n the low tatlure pratability
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Bypass Relay

The t"pa:a [= l..l I$ Used 1t the NE- 10GO cut of the SCTatn Jrcuit updn

fi

"3 a———--ut\'Hbs pul.-e iacds When thig securs, only ne ronitor for perient power

leffiatnis abide 1o soramthe Viletit The Prece=ling analysis on 1a1ure maodes
ho%wE thatl onie of the reas s [or the =iTretie salety of the ¢ syitamm 15 the

Feduodancer inbisrent in all o aroring iviterns. Thas redundancy 13

protied vlien the r2a0t:r 3008 1to fulie rivde Fortunatel? the

P2l Qrtmally ATave 1 plie tonde for 3 el SNt U £ the catee of 3

Tallurs at that instant 13 v I s10all

A fot=utial problem could artze, however, if the bypass relay . . railed
and the svstera did not return from pulse mode. In that event, the .  -m
Ould cperate for an extended period without the NP- 1000 to provia. .ne
=itra safety rfactor. If the bypass relay does fail, howsver, this failure will
L+ apparent on the operator's display. The percent power indicator for the
HF- 1000 will remain blank because the C5C will not be receiving any
inrormation fromat. It s, therefore, uaportant that the operator check the
HF= 1000 display each time the reactor is pulsed to insure that the byrass
relay las retirned the system to steady-state operation.

Note that even if the bypass r#1ay fails, the NPF- 1000 1 still momtoring
thie :y3tem and would be able to scram the System chould the percent powsr
“idieed 1S lmts. For the circuit to remain 1n operation and twtally
Hnmonitored, the NFP-1000 would also have to fall. This again Creates a
sifuation i which two failures must occur for an unsafe sttuation to arise.

The new provability equation for the L3535 due to the Lypass relay is:

Pusss ® (Pyap)® ¢ (P e (P, * Prgea) ® 4Py %) = 3¢10°12

Instzad of P o» 2(Pg ¢) = 22210742 as before

Thus Still givss an overall Pp o= 11071 faglures /hr, or a msan time

Letween failures of 132107 Vears




Appendix: Explanation ol Equations

__The squations given [of 2Watn a6d relay falurs ars of sundar form

They moluls a bags falure rate for the g1ven componsnt typs 4, ) and

several- modifications (prs) baied op = ndividual componsent and the

el Whichr operats:  The modiliiation [actors used are «.J lais

bality

Environtmental Factor
contact Trpe Factor

F"
F
Fawe - ~77cle Rate Factor
:“
{.

¢ Famaly Construction/Application Factor
q | Wnality Ratng Factor
Fr - Lead Factor
Hurner1cal values for the p,'s are given in Military Handbook 2 17-Rev E
and have been Uansinibed i part. Most of the modification factrs depend
cn whiether the component meets MilZpec standards or is considered “lutver
quality” In the interest of Keeping failure estimates conservative it is
aisumed that components are not MilSpec quality.
P, 15 Lased on the environment and installation type. For a iz ground
hstallation, p, 18 2.9 1or switches and 4 for relays,

P, 12 the same for relays and switches and depends on the form and

nunber of contacts. Values for P, are shown in Tatle |

Table 1 Table 2 Table 3
Iupe B f k Rating B,
SPST 1.0 .05 1.02 3 o
DPST 1.5 = 1.06 4 5 |
SPOT 1.79 .2 1.28 M 1.0
PST 2.0 " | 1.76 L 1.0
4PsY - 1 .4 2. 72 Not Rated 1.9
DPDY 3.0 % | 4.77
IPDY 4.2% .6 9.49
4FDT 8.3 4 21.4
141 ¥.0




i
i

For By, the 1631 factor, valyss ars dstsrmined by 2, which 12 the ratio of

. the lead current Lo the rated resistive luad PL Values for an indiuctatice based

= CElenod A3y arg shownin Table 2 above  The relays are assumed to te

-

T rated for 120V whicl gives an 2= 2

- -

For a swatsh [, 18 #qual to the number of o7:1es Ter Lour that ths

VAN 18 cperated (D, s U] leds than IWle ir) PForrelays 0o 18 101 the
relay cperates ot 12:8 than 10 0miles per Loy

- ekt @ oo ¥ a ot R . . - % - % o gt 5. &

The AU 13028 Fq 12 thowman Talble & The relay Fatiligs are

UL anid lielice ar'e SiaUlned to Le unsated
Finally, Poys 18 oWl Lo $eVerdl relay colistiuction LYFed 1 Talle 4

N A
Table 4
Contact Construction

By Current Type
)

Signal Curveat Armature
18 Low @abuit and Diy Reed
3 mumps Hg Wetted
8 Magnetic Latch
14 Solencid
b U=-5 Amps fRrinatuwre
10 Balanced Armature
12 Solenoid

These factors can be pluggsd it Equations 6 and 7 in the failurs
ALalY73Ls 1o get:

Ar=dp(PL*p,*p.* Peye ' Iy’ o) fotiures/ WO hrs (6

Lo OOO(128%46% 15%10%12%15)

bes= | Fallure/ 106 Lrs

\, 3 B “'b (I. .

¢

-

o * Poys * Py f2ilures/ 10 nrs (7)

b

132032 (29420%10% | 43)

L:s 3 Falures/10% hirs




Calibration Checks

mﬁmwﬁnwluunun ot seVerai systerns (s \hm i --l

s i ———— e — - mp————

4 ;~ aue: XHJU-AI" Theig sustams are. mm Toltage ot s ;.‘--.-tv.-ut fateleg

oty sk temparature wotators, and the wWarihdog tmers The o
Viater letel, elernal 1iratn s2TUNES, ANV S ram IWANE a0 LAY 11ty re
(Ol Tedled LY e 2ULS Prefe:it a0d should Le chieclisd thanually

T4

L= Delienl O tUe] ter perature and litgh v ~If_,~'_~%-',- onreys sl'e

Diecked LY medns o r21a%s SOl WA [r00n thatr normal positions t ot
e momtors Ut of the 3vstern dnd allow a teit current to be run tir ugh the
UAE 3ction of the :7item. The CI0 monitors when the system trups to msure
[ataris at the spedtfied point. The relays then return the Syst=tni 1 nornal
vperating mode. To check the watchdog timers, the CSC séts each tumer and
Makes sure that it times out at the appropriate time.

For the lugh voltage, percent power, and fuel temperature systems, if any
relsy [alls t return to normal opsratng mode, no current from the detetors
Wollld reach the monitor carcuits and this would result in a scram. If,
hoviever, an entire system e g the fuel ternperature monitors, fails to return
o normal rmode and the calibration current remained on, the monitors would
ot scram hut the detectors themselves would be completely cut out of the
ystem. Tus 18 obviously an undesirable situation. Nots that the cnly W3y
for zuch a fatlure to occur 1s for the CSC to leave the calibration signal active
andg fail to return the calibration relays to their normal operating [ositions
Merely l2aving the relays in the wrong positions will cause a scrarm when the
calibration current 15 turned off.

If both of these fallures occur in one of the hugh voltage/percent poter
onitors, the calibration voltage will be present and show up as variations in

-~

perisnt power and high voitage on the operator's display on the 20



lassurning that the calibration currsnt does not 2 eed the sVst=1n umits and

T __‘_-» CalSe A Serang 1tell). AlSy, sitice the calibration of each moniter Uit is - g

WU

AT 5 e 0~

seduvalfn; 9 “ohEcked independs =0tly, LGIn muse (ail for the s $75Tem a3 A wnnlo I (perate (n
anunmomtored mede I the fathires sciur on the fusl teriperatur e
fetations, the CICAEPIAY should 23910 show variations Jus to the < alit ratyon
Arrent. However thess Units sre chiecked a1l at one 3011 the YELI B ETIEY

t

fele 13 00 LaCkUR dpster and the [uel tetnperatur remams unmonitored. If

e vithge Continuss t ramp as 1t does dur<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>