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1991 ANNUAL REPORT
INTRODUCTION:

In 1991, the AFRRI resctor staff accomplished two important milestones in
continuing efforts to improve the operational capabilities and reliability of
the reactor facility. After Nuclear Regulatory Commission (NRC) approval of the
installation through Amendment 21 to the facility operating |icense (Attachment
C), the reactor staff installed three new fuel-follower ltondard control rods, &
new longer air-follower transient control reod, and related equipment during an
exterded maintenance shutdown period of November-December 1991, Significant
post-installation testing and calibration was performed to verify the validity
of the original safety analysis and refueling plan (Actachment A) and the
resctor was returned to regular stesdy-state operation on 16 December 1961,
Approval for resumption of pulsing operstions was withheld by @ho Reactor '
Facility Director pending completion of an testing program of incrementa! sized
pulses in early 1992, That testing proTran will include pulses up to $2.50, but
the current administrative pulse size limit of 8$2.00 remains in effect for
normal operations.

Also, the microprocessor-based instrumentation and control console installed in
1090 completed its first fu!l year of successful operation. Two modifications
made to the console to improve its capabilities are discussed fully 'n Sections
i and V and Attachment E.

The Reactor Facility was inspected by the Defense Nuclea: Agency Inspector
General frum 26 to 27 September 1991. The inspection found that the AFRRI TRIGA
Reactor Fucility received an cveral! grade of SATISFACTORY with wo significant
discrepancies noted in organization, operations, material hand! ing, and
safeguards. There were no reportable deficiencies found in the maintenance
records, operational log books, or training records. During the inspection,
four minor deficiencies were documented. ne of the cited deficiencies were
considered significant and, neither singly nor in sggregate, impsired vhe
performance or degraded the safety of the TRIGA nuc!ear resctor operations.
Concurrently with that inspection, the reactor facility also received s Nuclear
Reactor Security Inspection by r-presentatives of the Assistant to the Secretary
of Defense, Atomic Energy. That incpection also gave the resctor facility an
overall rating of SATIS?ACTORY.

The Wesctor Faciiity was swlso inspected by NRC personnel from Region I on 23-25
April 1991. No vielstions were identified during this inspection.

Changes were made to the procedures and facilities during 1991. These changes
were supported by an extensive safety review process in sccordance with the
provisions of 10 {FR §0.59. The changes will be discussed fuily in Sections I
and V.

No trainees were added to the reactor staff during 1991. Two former trainees
obtained Senior Reactor Uperator |icenses and one former trainee received his
Reactor Operator license. One Senior Reactor Operator, Mr. Thomas Wright,
diparted curing the year Also, one Senior Reactor Operator, Mr. Stephen Holmes,
wvhose |icense was terminated on 29 November 1990 wes relicensed in 1991.
Requests from non-AFRRI investigators continued to supplement the substantial
inhouse experimental work load. These experimenters included representatives
from the National Institutes of Health (NIM), Smithsonisn Institution, National
Institute of Standards and Technology (NIST), Neval! Medica' Research Institute
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GENERAL

INFORMATION

Key Personnel

Reactor and Radiation Facility
Safety Committee,




tor aratior L0 Va'.'.?»'u‘f—'stafhn LIGAS
4 @ s
(affoact ve 31 va"’

ordinator -« CPT Christopher Dwens (SRD effective 7 May)
/Procurement - Mr. Robert George (SRD)

nistration MSC Harry Spence (SRO)

enior Reactor Operators - Mr lohn N’)IJ)G') (SRD effective 7 May)
[

Mr r?p['t“ Ho lmes ('.'H[' effective

Uperator - SFC Michael Laughery (RO effective 7 May)
or Reactor Operator Candidates: None

| epartures durir 0 CYy

Mr Thomas Wright (SRO |icense terminated 31 May)

€ There wers several changes to the RRFS during the 1991 calendar year. WNr
Thomas 0'Brien replaced Mr. Douglas Ashby ss Chairman, Safety and Health
Department effective 1 June. CDR Joseph E ieco of the Navy Dosimetry Center
served as a regular member from 1 January unti! his retirement on 30 November
Ur. Samuel Levine was appointed as a special member effective 9 December to
28318t In review of the fuel-follower concrol re netal lation, Mr. John Dicks
and Ms. Les!ie Moore of the Calvert Marine Museum wera appointed as special
members on 10 September to perform special projects related to reactor pool
water cqual ity

The 1991 RRFS( consisted of the ‘oi]O‘\ng mmbersh,p in accordance with
AFRRI Reactor Technical Specifications (as of 31 December)

Chairman: ( Nicholas Manderfield, USAF (Director's Representative)




Regular Members:

Mr. Thomas o'Brien (Chairman, Safety and Health Department, AFRRI)

Mr. Mark Moore (Reactor Facility Director, AFRRI)

Dr. Marcus Voth (Director, Breazeale Reactor and Professor of Nuclear

Engineering, Pennsylvania State University)
Mr. Ron Luerson (Safety Directorate, Naval Research Laboratory)

Special Members:
CAPT C.B. Galley, USN (Chairman, Radiation Sources Dept) (Certified WP)
Dr. Samuel Levine (SHL Nuclear Associates) (Nuclear Engineer-Reactor
Specialist)

Mr. John Dickson (Calvert Marine Hucoung Water Quality Specialist
Ms. Leslie Moore (Calvert Marine Museum) (Water Quality Specialist)
Non=voting Observer:
Mr. James Caldwel| (EPA, Montgomery County, MD)
Recorder :
Ms. Carol King

Meet ings of the RRFSC ware held:

20 February 1991

27 June 1991 (Subcommittes)
24 September .991
17 December 1991
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Changes to the Facility Design
Performance Characteristics

and Operationai Procedures.

Results of Surveillance Tests
and Inspections.
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water gamma act onitoring system was redes.gned ¢t
replace vacuum tube technology with 2 more reliable s 1 state system
Attachment F-2) Also, the primary water conductivity readout modules
the control room were raplaced by newer models. The sensors and overas
syst jesign remain the same and no changes to the flow of the primary
t system were made. (Attachment E-3)

: he air particulaste monitor (CAM) sutomatic damper closure system was
modified by adding an override circuit to allow an operstor to open the
room air daempers while a CAM is aleruing. This temporary
fication would allow controlled venting of the reactor room should »
cladding failure occur when it would be necessary to pull air through the
absolute filters, for example during pulse testing of the new fuel-folluwer
| rods. (Attachment E-4)

contron

i The steady-state timer originally instal!led on the new reactor cons

was & count-down timer. That timer was replaced with a count-up timer to
facilitate determination of steady-state run lengths since runs are >ften

terminsted based on dosimetry messurements and not st predetermined elapsed
times. (Attachment E-5)

®

The lead-acid pattery back-up system that previously proyided standby
power to the criticality monitor and radiation ares monitors (RAM.) was
replaced by & larger uninterruptible power supp'y (UPS) necessary for
providing more stable current and decreas ing maintanance requirsments
Replacemont of the lead-acid batteries also oliminates a hazardous ch
problem and hydrogen explosion hazard

emica

6 Hardware and software modifications were made to the conirol consols
install the new low pulse display option and new pulse mode scram timer
(Attachment E<6) . The pulse timer allows the opsrator to adjust the amount
of time the transient rod remains Up during a pulse as per ear!ier
preapproved console installation plan. The new sms! | pulse display option
allows high sensitivity pulse data scquisition and & more rsadable display
of pulse characteristics on the console CRT

4
vl

PERFORMANCE CHARACTERISTICS

Installation of the fuel-follower control rods and read justment of the
reactor core loading resulted in an increase in the nominal control rod
worths by an average of $0.40 (0.0028 Ak/k) and increased the k-excess
measurement at infinite water by 30 .67 (0.0047 Ak/k). The negative
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temperai .. @ coefficient of reactivity and the reactor tank constant were not
affected pu.ific details of the installation and testing program will be
presented in the Startup Report to be submitted as required by the reactor

R

al Specifications early 1992

ADMINISTRATIVE PROCEDURES

Several changes to the Reactor Administrative Procedures were approved and
imp | ementad ;;flhg the year., A complete set of current administrat ve
procedures is included at Attachment B

Administrative Procedure Al was changed te clarify the recerding
requirements when an operator is using over-the-counter medications by
requ'ring operators to check possible side effects in the Physician’s Desl
Reference, notify the RFD, and log the medication to a Drug Log

Administrative Procedure A2 was changed to delete the escorted access roster
for the exposure room prep area. All persons allowed in the ares now receive
training in radiation 5afat,y to allow them unescorted access

Administrative Procedure A3 was revised to simplify the 10 CFR 50.59
worksheets to implement r~commendations from various NRC inspections

Administrative Procedure A4 is a completely new procedure developed in
onjunction with NRC inspection recomm: dations on inventor, procedures for
special nuclear matoria!l

OPERATIONAL PROCEDURES

Numerous changes were made to the operationai procedures to improve ~larity
and to account for the new fue!-follower control rods. new low pules
display, and other facility modifications. The changes made during the major
revision in May 1991 at |isted at Attachment F and subsequent 1991 changes

are summar)zed below, A complete set of current operational procedures 1s at
Attachment B

b |

1. Procedure 4, Personnel Radiation Protection, was revised to specifically
indicate that AFRRI Instruction 6055.8, Occupational Radiation Pretection
Program, is the radiation protection program followed by the reactar

2

Procedure 8, Reactor Operations, was extensively revised as follows:

&. Basic: The basic procedure wes revised to clarify that respirator

equipment. is intended for use only during emergency conditiuns, not on a
routine basis. Changes were also made to record the SP0 on-cal! at the

beginning end end of each day or if a change occurs during the

operational day instead of on each logbhook page. Also, ¢ new

designation, physicist in ch-rge (PIC), is added to clarify the
ndividual in charge physically present at the reactor.

b. Tab A: The logbook entry chock!ist was changed to> show that SRO on-
call and PIC entries would ba in biack ink.

c. Tab C: The auclear instrumentation setpoints were sdjusted for the
new reactor control console and to delete references to the obsolete
stack particulate monitoring system




standard
k-excess procedure

"ws bettler
INear powel

performance fram 15

i

the power level on th

All re

1ired maintenance and
q
re ed. Malfunctions dis




SECTION 11

Energy Generated by Current
Reactor Core and Number of Pulses
$2.00 or Larger.




geterated by the reactor core

N 1883.3
FEB 3115.1
WMAF 4417 .6
AP} 5293.6
MAY 1747 .0

IN 4715.9
JUL 1575.3
AUG 2303.6
SEP 2078 .8
0CT 1343.0
NUV 1509 .4
DEC 1370.9
TOTAL 32053.5

otal energy generated this year 32053.5 KwHrs

energy on fuel elements 734168 .6 Kwhrs

energy on FFCRs 1370.9 KwHrs

Pulses

this year 2 $2.00 None

»
®

Total Pulses on fuel slements 2 $2.00 4112

otal Pulses on FFCRs 2 $2.00 None

otal Pulses on fue! elements 9765

lotal Puises on FFCRs



SECTION HII

Unscheduled Shutdowns




per i oc
; ng a 1 MN steady-state run on 7 March, a reactor scram occurred wher
high voltage drop in the NP-1000 channe! exceeded the trip point of 10%
nvestigation showed that the trip point had been set more conservatively
an the required 20% limit. The trip point was readjusted to 20% and
perations continued

r

An "NPP High Voltage Low" scram occurred during a 1 MK steady-

\ The voltage circuit was tested and no problem could
he run was resumed and the reactor operated normally

r N

3. During a 1 MW steady-state run on 25 October, a reactor scram occurred
because of a momentary loss of site electrical power affecting a broad
area. Al! required safety instrumentation continued to operate on back-u
uninterruptible power supplies and norma! power was restored in only a
seconds

4. During control rod calibrations on 4 December at a power 'avel of &
watls, a reactor scram occurred with a "Timer Scram® indication on the
control console CRT screen. At the time, the timer scram was not enabled
was the steady-state timer running. Testing of both the related console
hardware and software did not indicate any cause for the scram and
Calidrat.ons resumed with no further problems




SECTION 1V

Safety-Related Corrective Maintenance




Safety-related corre

The following are ex

period The reason
the failed «quipment

Probiem
Auto mod

appeared

"Console

ctive maintenanc

Cerg 0 nction logbook during the repo

fo he corrective action taken, in al! cases, was
to its proper coperational status

¥hile per
.

N

® but
on the

message

System was tested but the malfunction could not
Reactor operated normally thereafter

&

While moving the core from position 700 to position 2F
Scram Button® message appeared on the CRT. The reactor

wa

not at power at the time

S\C«L-Jt:‘:‘ﬁ

repeat

Problem
transien

the CRT

System was tested but the malfunction could not be made

Reactor operated normally thereafter

W¥hile raising control rods to begin a steady-state run, ti
t rod scrammed while being raised. No message appeared on
, no other rods scrammed, and the transient rod drive did

not drive down until the DOWN button was pressed

Solution
reoccur

Problem:
powsr tr

CRT scram message could not be cleared

Solution
STram wo
sequence

Problem:
sequence

Solution

System was tested but the malfunction could not be made t
Reactur operated normally thereafter
While preparing for a steady-state run, an NM-1000 high

ip occurred and would not allow the rods to be raised. The

NM-100C scram clearing sequence was performed. but the
uld not clear until a complete console prestart check
was run. Reactor operated normally thereafter

The console would not pass the automatic prestart check
due to a "DIS064 Timeout" message on the CRT

A defective power supply in the CSC computer expansion

chassis was replaced, the system was tested, recalibrated, and

returned

Problem
level of

Solution
siightly
returned
ensure r,

Prob!em
DOS erro

to full service

Criticality monitor R-5 alarmed at a steady-state power
70 KW, lower than exnected.

The calibration was checked and sppeared to have drifted
The monitor was recalibrated with a known source and

to service, The calibratiss was checked periodically to

o further drift was observed

During merning startup procedures, multiple scram messages
r messages, and timecuts occurred

“
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Solutic T obiem was traced to a p‘ﬁﬁlfw\ Ly of excessive y
high humidity | y control room. The ventilation system was
adjusted and when the humidity was lowered below 80R% all systems
returned to normal

Problem: The secondary air particulate monitor (CAM) exhibited a
very erratic trace while the urimary CAM showed no fluctuation

eff luent radiation concentration

Solution: The problem was traced to a faulty chart lamp. The 'amp
was replaced, the (AM was tested with a known source, and returned
Lo service

Problem: While raising control rods for k-excess measurements, the
three standard control rods scrammed but the rod drives did not
drive down. The transient rod did not scram and no message appeared
on the CRT

ion: A loose relay contact in the NP/NPP high voltage power
|y was secured and the reacter operated normally

Problem: A malfunction of the reactor area security system computer
caused the computer to not accept keyboard commands and to not
respond to alarms, Reactor Facility Director notified as well as
AFRRI security and logistics sections

Solution: The reactor area backup system was turned on so that
reactor-relatec alarms would appear on security monitors at the
front desk which is mained at all times. The prinary system was
repairea by a contractor and returned to full service on 12 July. Nc
loss of security effectiveness occurred while the backup system was
operational

Problem: During the daily startup procelures, a large volume of air
began escaping around the transient rcd anvil. The RFD was notified
and an investigation begun

solution: The reactor steff disassembled the transient rod system
and deterninec that a teflon seal on the piston had worked loose due
to the lack .f a required locking pin in the retaining collar. This
pin was left out by the contractor during rebuilding of the drive as
part of the fuel-follower contro! rod installation program. A new
tefion seal was machined and a new locking pin inserted. Cleaned
tubricated piston and barrel. Removed, inspected, and replaced (-
ring seal at bottom of barrel Reassembled drive and performed rod
drop tests and recalibrations as required. Notified General Atomics
that locking pin had not been installed during rebuilding of drive
essembly at General Atomics faztory.

an&j

Problem: When the console CRT screen was reconfigured after
displeying the graph of a pulse, the digital |linear power readout
snowzd 2 milliwatte while the CRT bargranh had » scale of 0-1.2
milliwatts,




Solution: True reacter power determined to be 2 milliwatte based or
independent monitoring of counts out of fission chamber. As soon as
the power was raised enough to require a change of bargraph ~cale

~ (to 10-120 milliwatts) the system ‘P*"LPaV"“'ma‘!v Ceneral Atomics
notified of pessibie software problem in CRT reconfiguration
program
05 Jul 91 Problem: After completing automatic console prestart check sequence

a "Pulse Power High" scram message wouid not clear. While repeating
prestart sequence in an attempt to clear the scram, the safe and
shim rod drives started %o drive up. There was no magnet power to
the drives and all control rods remained in the core

Solution: The console was tested and the malfunction could not be
made to reoccur. The reactor operated normaliy thereafter

09 Jul 91 Problem: None of the console keyboarc function keys used for

alternate CRT displays (pulse graph, accumulated operator time, etc)
would work

Solution: The console computer was reinitialized and all keys then
worked normally

P
o
v
G
<

91 Problem: While the reactor was secured, an "NPP High Yoitage Low"
scram message appeared on the console CRT screen.

Solution: When the key was inserted into the console the scram
message cleared. No cause for the scram could be found and the
reactor operated normally

o
w

Oct 91 Problem: While closing the ER1 plug door, the door stopped moving
and a loud grinding noise was apparent in the gear reduction box

Solution: The ER2 gear box was moved to ER1 and the door operated

with no more problems. The defective gear box was returned to the
factory for repairs

07 Uct 61 Prob'em: During prestart checks, a malfunction of the DRIVE UP
microswitch caused the safe rod drive to drive up instead of down
when the reactor was scrammed. The magnet released and the rod
itself dropped correctiy. When the drive continued past the upper
fimit, the position indicator belt and flexible wire guide broke.
Solution: The drive was removed; belt, wire guide, and DFIVE UP
microswitch replaced; drive assembly inspected, tested, and
reinstalled. Rod travel was adjusted, rod drop time checked. and rod
worth curves checked.

NOTE -

The reactor was out of service for the annual maintenance shutdown period
2-27 September. No malfunctions occurred during that time. The reactor was also
taken out of service for installation of the fuel-follower control rods on 8

November. No malfunctions occurred after the reactor returned to stexcv-state
opsration on 18 December.
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SECTION V

Facility Changes and Changes to
Procedures as Described in the
Safety Analysis Report. New
Experiments or Tects during the Year.




SECTION V
Changes to the facility and procedures as described in the Safety Analysis
Report and new experiments or

this section

e r i PEEE o r Anda il nad
tests pert ‘ ju ! & year are 3

A. As previously discussed in the Introduction sectinn, three new fuel-follower
standard contro! rogs, » new longer air-Tollower transient control! rod, and
related equipment were installed during the year. Also, the control rod drive
support structure was modified to permit essier access to the transient rod

drive mechanism for maintenance. (*“tachment E-1)

8 The pool water gamma activity monitoring system was redesigned to replace
vacuum tube technology with a more reliable solid state system (Attachment E
Also, the primary water conductivity readout modules in the control room were

replaced by newer models. The sensors and overall| system design remain the same

D
d no changes to the flow of the primary coolant system were made. (Attachment
2

C The air particulate monitor (CAM) automatic damper closure system was
modified by adding an override circuit to allow an ope-ator to open the reactor
room air dampers while a CAM is alarming. This temporary =adification would
allow controlied venting of the reactor room should a cladding failure occur
when it would be necessary to pull air through the absolute filters, for

example, during pulse testing of the new fuel-follower control rods. (Attachment
E-4)

D The steady-state timer originally installed on Lhe new reactor console was a

count-down timer. That timer was replaced with n count-up timer to facilitate

determination of steady-state run lengths since runs are often terminated based
n dosimetry measurements and not at predetermined elapsed times (Attachmert E-

e
- C
£
e

E The lead-acid battery back-up system that previously provided standby power
to the criticality monitor and radiation area monitors (KAMs) was replaced by a
larger uninterruptible power supply (UPS) necessary for providing more stable
current and decreasing maintenance requirements. Replacement of the lead-acid
batteries also eliminates a hazardous chemical problem and hydrogen explosion
hazard. The installation of these items was approved along with two other UPSs
that were installed in 1990. (See Attachment G-5, 1990 Annual Report)

F Hardware and software modifications were made to the control console to
install the new small pulse display option and new pulse mode scram timer
(Attachment E-6). The pulse timer allows the operator to adjust the amount of
Lime the transient rod remains up during a pulse as per eariier preapproved
console installation plan. The new small puise display option allows high
sensitivity pulse dats acquisition and a more readabie display of pulse
characteristics on the console CRT

G. There were no new experiments or tests performed during the reporting period
that are not encompassed in the Safety Analysis Report. However, all previously
approved Routine Reactor Authorizations were replaced by a revised set approved
by the RRFSC on 24 September 1991. The revised Authorizatiors do not include any
experimcnts that were not in the previcus authorizations. The revision served
primarily to update format and references and to obtain approval from the
current RRFSC membership. A set of the Authorizations is at Attachment

"
~
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SECTIONS VI through VIII

Summary of Radioactive Effluent Released.

Summary of Radiologicai Surveys.

Exposures Greater Than 25% of 10 CFR Limits.




iquid Waste - The reactor

Gasecus Waste - There were
Ar-4]1 d

- Dec

was transferred %
disposed of under the

ION VII
ronmental radiologic surveys

The environmenta! samp ing of soil, water, and plant
nuclide levels that were not above the normai range
were detected were those normally expected from natural
term fallout

he environmental monitor ing (dosimetry)

program reported the fo
ts for CY 1691

The average background of 19 thermoluminescent dos imeters

outside a 15 mile radius from the AFRR] site was determined to
69 millirem
The average reading of approximately 30 environmenta |
on the AFRRI site was determined to be
background

staticns located

~0.45 ¢ 0.31 mi!lirem above

3 The single hinhest environ sntal statior reading was
millirem above background. Thi. station

IS approximately
the AFRRI reactor building

4 The above resulis are expressed at a 95% confidence

\

: The in-plant surveys, including analysis of effluent filters, showed no
measurable activity (except as reported in this section)
the restricted-access sreas

in all areas outside

There were no special environmental studies corducted during the year

SECTION VIII

Exposures greater than 25% of 10 CFR 20 |im

I ts

There were no exposures to staff or

visitors greater thar
fimits




ATTACHMENT A

10 CFR 50.59 Analysis and
Refueling Plan for Fuel-Follower
Control Rods




Facility Modification Worksheet 1
10 CFR 50.59 Analysis

Install Fuel Follower Control Rods

Proposed Change -

Submiitad by: Capt Forsbacka Date 23 OCT 91

.. Description of change:

Replace current standard control rods with fuel follower controi rods (FFCRs).
A complete description of the FFCRs is included in the attached report '"Max-
imum Temperature Calculation and Operational Characteristics of Fuel Follower
Control Rods for the AFRRI TRIGA Reactor Facility" (AFRRI TR91-~1).

2. Reason for change:

FFCRs will be installed to overcome long-.erm burnup effects and increase
the excess reactivity of the reactor core.

3. Verify that the proposed change does not involve a change to the Technical
Specifications or produce an unresolved safety issue as specified in 10 CFR
50.59(a)2). Attach an analysis to show this.

This modification DOES INVOLVE A TECHNICAL SPECLFICATIONS CHANGE. See
attached approval from NRC. Full documentation is in Reactor File 605.06.

Analysis attached? Yes x

AFRRI TR91~! is the safety analvsis report regarding FFCR installation aad use.

4. The proposed modification constitutes a shanges in the facility or an opera-
tional procedure as described in the 3AR. Describe which (check all that apply).

Procedure _X Facility _X  Experiment

T Revised: 15 May 91 Page 3



Facility Modification Worksheet 1

5. Specify wiat sections of the SAR are applicable. In general terms describe the

necessary updates to the SAR. Note that this description need not contain the
final SAR wording.

The following sections in the SAR will require modifcation to reflect the

installation of FFCRs:
- Section 4.9, Fuel Elements
-~ Section 4.10, Reactor Control Components

6. For facility modifications, specify what testing is to be performed to assure
that the systems involved operate in accordance with their design intent.

See attached plan, "AFRRI TRIGA Refueling Plan".




Facility Modificatton Worksheet |

i

Specify s<sociated information

! ot wr < . {
New drawings are Attached

Not required
Does a drawing need to be sent to Lc

Arc training matcrials effected?

Will any Logs have to be changed?

Are other procedures effected?

List of items affected

A

Annual shutdown checklist
will not be brought

- Elongatation and lateral

Create an Action Sheet containing a list of associated work specified in item #
ittach a copy, and submit another to the RFD

Action Sheet: Submitted Not Requirsd .

L~ }
/
} s

I f

' P,
Reviewed and approved by RFD /41 AL

RRFSC Concurrence Da!e1

7 DEC 1991

et

Revised: 15 May 91




- UNITED STATES
] - ¢ NUCLEAR REGULATORY COMMISSION
L Weljs £ WASHINGTON. D C 20888

October 8, 1991

.....

Docket No. 50-170

Colonel George W. Irving, 111, BSC, USAF
Director

Armed Forces Radiobiology Research Institute
Bethesda, Maryland 20814-5415

Dear Colonel Irving:

SUBJECT: ISSUANCE OF AMENDMENT NO. 21 TO FACILITY OPERATING LICENSE
NO. R-B84 - ARMED FORCES RADIOBIOLOGY RESEARCH INSTITUTE (AFRRI)

The Commission has issued the enclosed Amendiment No. 21 to Facility Operating
License No. R-84 for the AFRRI TRIGA Research Rear*or. The amendmen* lonsists
of changes to the Technical Specifications in resyunse to your submitcal of
April 30, 1990, as supplemented on December 17, 1890, March 5, 1991, May 17,
1991, August 16, 1991, and September 10, 1991.

The amendment (1) corrects errors in typography and gramwar, (2) increases

the maximum licensed steady state reactor power to 1100 kilowatts, (3) author-
izes installation of fuel follower control rods, (4) clarifies the transfer of
Reactor Facility Director (RFD) responsibilities in the absence of the RFD,
and (5) allows operational flexibiiity in performing surveillance testing of
the ventilation system for the reactor facility.

Enclosure 2 is a copy of the related Safety Evaluation supporting Amendment
No. 21,

Sincerely,

A\ .
- - /—" ‘ /-v ,
Ry
Alexander Adams, Jr., Project Ef::;:;

Non-Power Reactors, Decommissioning and
Environmental Project Directorate
Division of Advanced Reactors
and Special Projects
O0ffice of Nuclear Reactor Regulation

Enclosures:
1. Amendment No. 2!
2. Safety Evaluation

cc w/enclosures:
See next page



AFRRI TRIGA KRefueling Plan

Receiving and Storage of FFURs Prior to installation

Prior to rece'ving the FFCRs, the Hot Ceil will be prepared for fuel storage. The room will be
reasonably free of dust and debris, a gamma detector (criticality monitor) will be tn place. a high
secunity lock will be installed, and cradles for holding the fuel will be available

Ihe FFCRs will enter AFRRI through the shipping and receiving department (LOGS). A
memorandum will be prepared (See attachment 1) to nstruct LOGS personnel to not open the
containers holding the FFCRs. LOGS personnel will be instructed to call RSDR and SHD
immedistely upon recempt of the FFCRs. SHD will perform & radiological survey in accordance
with HPP-0-3 of external radiation and external contamination of the packaging wn the loading
dock area prior o moving the FFCR containers to the Hot Cell

Oace the FFCRs have been cleared by SHD to be moved w0 the Hot Cell, RSDR staff will
conduct a series of tests within the Hot Cell to determine if any uramium is on the outer surface
of the FFCR cladding. The testing methodology is similar to series of measurements outiined in

10 CFR 70.39 which deals with the cerufication of ca. ation or reference radiation sources
The following tests will Le conducted:

| Dry wipe test. Tha entire surface of the FFCRs will be wiped with filter paper
using modevate finger pressure. Any radioacdvity om the filker paper will be determined by
measunng the raduation levels using SHD's counting lab.

2. Wet wipe test. The entire surface of the FFCRs will be wiped with filter paper,

moistened with water, using moderate finger pressure. Any radioactivity on the filter paper will
be determined by measuring the radistion levels using SHD's counting lab.

3. Water Boil Test. The FFCRs will be completely :mmersed in boiling water for one
hour. The residue obtained by evaporating the water will thea be monitored for the presence of
wranium using the SHD counting lab.

If measurable quantities of radioactivity are present following any of the above tests, the FFCRs
w_aummamwycwmmzmmuuw. In the event that radioactivity is found

after repeated tests sod cleaning:s, the shipment will be rejected and returned o the
manufacturer.

Following the cumulation of successful tests showing no contamination of the FFCR exterior

chdxhngmthmumaommdvemmmm.mmmmybemedmmgc
in the Reactor Room.




Core Preparstion

Prior 1o shutdown and FFCR installation, neutron activation foils/wires in will be used in ER|
with the bare core configuration at a fixed position one meter from the core. Determine neutron
energy spectr m, save data for lter comparison with FFCR loaded core. Next, completely
unload all fuel from the reactor core. Following the removal of fuel, the standard control rods
and transient control rod will be removed. The rod drive support structure will then be modified
as required w allow for the ease of transient rod drive maintenance. Next, the new transient rod
will be installed.

The FFCR coanccting rods will be set up to allow for the removal of FFCRs without bringing
them out of the reactor pool. Onc: the FFCRs have been urradiated, they will become highly
radioactive due to their fission pevduct inventories, 0 it will be important to keep them under
wiirr for shiekding purposes,

Installation of FFCRs into AFRRI TRIGA Reactor Core

Messurements of the require | connecting rod lengths will be made by measuring the entire length
of the standard rods connec ad 1o the barrel. Correcting for differences between the FFCRs and
the standard rods, the coanxcting rod lengths for the FFCRs will be determuned. The connecting
rods will ther be attached  the FFCR and the entire unit will be instalied into the reactor core,
The connecting rods will then be attached 0 the barrel assembly to complete the installation of
the FFCRs.

Following installation, the FFCRs will centered in their grid locations using the set screws for
the barrel assemblies. The goal is t0 minimize any rubbing of the FFCR as it travels up and
down. Once the FFCRs have been centered, drop time tests will be performed to imsure
compliance the techaical specifications.

Refueling AFRR]I TRIGA Reactor Core

A conservative approach to refueling the remctor core will be taken. These instructions will
supplement Reactor Operational Procedure VII. Once the critical loading bas been achieved,
cxcess reactivity will be estimated using the transient rod until there is enough excess reactivity
m:‘ﬁ-‘z'-mdmtlm. Excess reactivity will be determined after each fuel loading siep
until the opwrationa! configuration is achieved. Care will be taken t© ensure that the $5.00
maximum sllowed excess reactivity is not exceeded.

Following Reactor Operational Procedure VII, install the (hermocoupled fuel elements and load
the B-ring. Place neutron source in source holder and BF, neutron detectors in F-7 and F-18,
Then load elements for grid locations C-1, C-3, C-6, C-9, C-10, C-11, D-14, D-15, E-18, E-
l9.F-ﬁ,MF~B.MMMvﬂMfamwmdmm
and the neutron source At this point the rods will be withdrawn as described in step 2.2 of the



procedure, and the first subcritical multiplication measurements will be taken

Complete loading the C-Ring load D-ring elements 2, 6, 8, 12, and 18, and repeat the subcritical
multiplication measurements. Complete loading the D-ring, and load E-ning elements 5, o6, 14
|5, perform subcritical multiplication measurements. Load E-ring elements 1, 2, 8, 9, 10, 16,
|7, and 24; perform subcritical multiplication measurements. Load E-ring elements 2, 23, 7,
1, 13, and 20; perform subcritical multiplication measurements. Load the following sets of
elements and perform subcritical muluplication measurements after each step (note: this load
pattern may be modified 0 accommodate instrumentation or other items that may obstruct fuel
loading): E-4 and E-12; E-21 and E-22; F-1 and F-2; F-3 and F-30; F-4 and F-29; F-5 and F-
28, F-6 and F-27, F-26 and F-16; F-15 and F-17; F-14 and F-18; F-13 and F-19; F-12 and F-
20; F-11 and F-21; F-10; F-9; and F-8. This loading pattern allows for the FFCRs 10 exercise
& high influence over the neutron population while the core is still very subcritical

Core Calibration

Once the core has been loaded to the operational excess reactivity, core calibrations will proceed
in the same manner as following an annual shutdown. Differential and integral reactivity worth
curves will be generated for each rod in core positions 250, 500, and 750. Up to this point ail
testing has been done at very low powers, so the fission product inventory ir the FFCRs will be
low. Since the probability that the FFCR cladding may fail is highest shortly after installation,
a series of puises will be performed to stress the FFCRs before the fission product inventory has
mmhofachmco(‘unkﬁngupl)mmgmmwmemmubccimly
monitored for any fission fragments. in the event that fission fragments are found in the pool
water, all activities will stop, the NRC and GA will be notified, and the leaking element(s) will
be found and isolated.

A thermal power calibration will be performed in the usual mamoer. Next the power coefficient
of reactivity curve will be generated followed by the reflection coefficient measurements in

pasitions 230, 500, and 750. The newtron energy spectrum experiment in ER| and ER2 will be
repeated to ensure that the character of the radiation field has not been modified.




Refecling Checklist
Pre-shipment

Clean Hot Cell.

Inspect Hot Cell, ensure area is reasonably dust free.

Install high security lock on Hot Cell.

Fasure radiation monitor in hot cell is functional.

Prepare fuel cradles, install in Hot Cell.

Send memoranda o SHD and LOG on recetpt of FFCR shipment.

Receqpt of shipment

7. SHD performs radiological surveys of exterior of package in accordance with their
procedures

8. FFCR packages are transferred to Hot Cell.

9. Open FFCR shippirg packages in Hot Cell.

(0. Pisce FFCRs in prepared cradies.

P i e

Hot cell testing

1. Perform dry wipe test.
{2, Perform wet wipe test.
13, Perform water boil test.

14, Repest wet wipe test.
15, If all tests are successful, FFCRs may be moved to the Reactor Room for storage.

Core preparation

16. Use neutron activation wire set from Reactor Experiments to establish base line neutron
energy spectrum using Ledney's st up.

17. Unioad ail fuel from the core in accondance with Procedure VIi.

18. Modify the rod drive support structure.

FFCR instailation

19. Install new tramsient rod.

20. Fabricate conpecting rods for FFCRs.

22. Install FFCRs, insure that they are not "bottomed owt” with they sre fully down.



24, Reinstall FFCRs, nstall rod drive motors, and center FFCRs in their core gnd locations
25 Perform drop tme tests to insure compliance with Technical Specifications
Core refueling

26. Place neutron source in its hoider, and place BF, or fission detectors in core grid locations
F-7 and F-18

27. Load the thermocoupled elements irto core grid locations B-5 and C-6

28. Complewe loading the B-ring and load C-1, C-§, C-6, C-9, C-10, C-11, D-14, D-15, E-18,
E-19, F-22, and F-23. Perform subcritical multiplication measurements

29. Complete loading the C-ring. Load D-ring locations 2, 4 6, 8 10, 12, 14, 16, and |8
Perform subcritical multiplication messurements.

30. Complete loading of D-ring, and lcad E-ring elements 5, 6, 14, and 15. Pertorm subcritical
MutpliCRtion measurements.

31, Load E-ring clements |, 2, 8, 9, 10, 16, 17, and 24. Perform subcritical multiplication
(CASUTEMEnts .

32. Load E-ring ciements 15, 19, F-22, and F-23, piace neutron source into its holder, and
perform subcrincal multiphicstion measurements

13, Load E-ring elements 2, 23, 7, 11, 13, and 20. Perform subcritical muinplication
MEASUTCMeNtS

34. Lomd E-nog clements 4 and 12, and perform subcritical muitiplication messurements.
3S. Load E-ring clements 21 and 22, and perform subcritical multiptication messurements.

‘O“NO’]'E.O..
When critical configurstion is achieved,
rod. Coatinne loading until there it enough excess
reactivity o perform a coatrol rod worth messurement

LR L L rraw

36. losd F-ring clements | sod 2 perform subcritical multiphication/excess reactivity
IDCASUTSMENIS

37,UndF-rtn¢ehmm3m30.p¢fmmmnﬁ:iMmmmy
MCASUNCINCNTS




38, Load Foring elements 4 and 29, perform subcritical multiplication/excess reactivity
MCASUTEMENLS.

39 Load F-ring eicments 5 and 28, perform excess reactivity measurements.
40. Load F-nng elements 6 and 27, perform excess reactivity measurements.
41, Load F-ring clements 16 and 26, perform excess reactivity measurements.
42. Load F-ring elements 15 and 17, perform excess reactivity measurements.
43 Load F-ring clements 14 and 18, perform excess reactvity messurements.
REe NOTE cany
Do not exceed $5.00 excess reactivity!
...... Per.orm thermal power calibration at 500 to insure proper placement
of operationa! channel. Perform rod worth curves for all rods in position 500
when operstional loading is achieved

44 Load F-ring elements i3 and 19, perform excess reactivity ieasurenaents,
45. Load F-ning clements 12 and 20, perform excess reactivity messurcmnents.
46. Load F-ring elements |1 and 21, perform excess reactivity measurements.
47 Lowd F-ring elements 10, perform excess resctivity neasuremesnts.

48, Load F-ring elemeats 9, perform excess reactivity measurements.

49. Load F-ring eiements 8, perform excess reactivity mesasurements.

Care calibration

50, Inswmil all core mstrumentazion iwo their permanent positions.

51. Perform rod worth curves for all rods in core positions 250, 500, and 750.
52. Perform thermal power calibration and s safety chambers.

53. Fire $1.10 paise, take pool water sampie, moaitor for fission fragments.
S4. Fire $1.20 pulse, take pool water «: nple, monitor for fission fragments.
$5. Fire $1.30 pulse, take pool water sample, monitor for fission fragmenss.



Fire $1 40 pulse, take pool water sample, mouitor for fission fragments
Fire $1.50 pulse, take pool water sample, monitor for fission fragments
Fire $1.60 pulse, take pool water sample, monitor for fission fragments
Fire $1.70 pulse, take pool water sample, moaitor for fission fragments
Fire $1.80 pulse, take pool water sample, monitor for fission fragments
Fire $1.90 pulse, take pool water sample, monitor for fission fragments
Fire $2.00 pulse, take pool water sample, monitor for fission fragments
Fire $§2.00 pulse, take pooi water semple, monitor tor fission frugments.
$2.00 pulse, take pool water sample, monitor for fission fragments.

Fire $2.00 pulse, take pooi water sample, moaitor for fission fragments.
Fire $2.00 pulse, take pool water sampie, monitor for fission fraginents.
Fire $2.00 pulse, take pool waler sample, monitor for fission fragments.
. Fire $2.00 pulse, take pool water sample, monitor for fission fragments.
Fire $2.00 puise, take pool water sample, monitor for fission fragments

Generate power coefficient of reactivity curve, take pool water ssmple and monitor for
tummhgmem
71. Fire $2.00 pulse, take pool water sample, moaitor for fission fragmessts.

g

72. Operasie resctor ot 1.0 MW for 30 misutes. take water sampic and momitor for fission
fragments.

. Fire $2.00 pulse, ke poo! water sample, monitor foe fission fragmenss

Fire $2.00 pulse, take pool water sample, monitor for fission fragments.

. Repest neutron energy spectrs messurements in F ™1 and ER2.

. Perform messurements of reflector coefficients in positions 250, $00, and 750.
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INTRODUCTION

Operational requirements of the Armed Forces Radiobiology Research
Institute ([AFRRI) TRIGA reactor facility necessitate the implementation of
fuel follower control rods (FFCR's). Fuel follower control rods are like the
standard TRIGA control rods as described in section 4.10.1 of the AFRRI
TRIGA Safety Analysis Report (SAR) except that they have a fuelfilled
follower ratler than an air or aluminum follower. The primary purpose of
the FFCR's is to offset the long-term effects of fuel burnup.

The Code of Federal Regulations (CFR; Title 10, Part 50.50) requires that
modifications of a portion(s) of a licensed facility, as described in the facility
SAR, be documented with a written safety analysis. The SAR ensures that
all safety issuer associated with the implementation of FFCR's have been
reviewed, This technical report will show that implementing FFCR's will
allow the standard control rods to function in their intended purpose and
will restore core reactivity economically. FFCR's have Leen implemented in
spproximately a dozen TRIGA reactors and have been used for over 20
years without reported failure,

This report has been submitted to the AFRRI Radistion Facility Safety
Committee to ensure that all safetv questions have been reviewed before
submission to the U.S, Nuclear Roegulatory Commisiion (NRC), as required
under 10 CFR 50.50.

G%X;I)EDRSAL DESCRIPTION OF FUEL FOLLOWER CONTROL

The current AFRRI TRIGA standard control rods were installed in 1064,
The standard control rod consists of a sealed aluminum tube (0.0685 inch
thick) approximately 1.25 inches in diameter and 31 inches long. The upper
15.25 inches of the tube contain a compacted borated graphite rod (BP‘C
with 25-percent free boron o: other boron compounds), which functions as a
neutron absorber or poison. The lower end of the tube contains a 15.25-
inch long and 1.125-inch diameter solid aluminum rod called the aluminum
follower. The follower functions as a mechanical guide for the control rod
as it is withdrawn from or inserted into the reactor core.

The proposed FFCR's differ from the current standard contrel rods in the
following respects:

* The aluminum cladding is replaced by smooth stainless steel $8304)
cladding with & wall thickness of 0.020 inch. The inner and outer
diameters are 1.085 inches and 1.125 inches, res tively,

* The length of the control rod is increased to 37.75 inches; the absorber
and fuel follower section are both nominally 15 inches long,

* The outer diameter of the absorber section and the fuel follower are
both 1.085 inches.

* The fuel follower has a sclid zirconium rod as its central core with an
outer diameter of 0.225 inch.



R MAXIMUM FUEL TEMPERATURE CALCULATION
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by Fourier's law

q''(r) kVT(r)

where

q'(r heat flux at position r

\ il

K thermal conductivity

-

L) temperature at position r

For steady-state heat transport, the heat production rate and i‘he rate of
energy 'oas due to heat transport are equal

‘his can be gencrally expressed
AS

qQ'''(r) = Veq''(r)

where

q'"(r) = volumetric heat rate (heat production rate) at position r

Substituting equation (1) into equsation

yields the time-independent
equation of thermal conduction

VekVT(r)




Equation (3) is, thus, the second-order ordinary differential equation that
must be solved to determine the maximum temperature attained in the fuel
portion of the FFCR,

Usirg this model to determine the maximum fuel temperature divides the
analysis into two separate tasks: determining the power density in the FFCR
in a Dering grid position and solving equation (3) for the given power
density.

Power Density in FFCR Fuel Element

The anticipated fuel loading for the AFRRI TRIGA reactor core with
FFCR's installed will consist of 77 standard T..ICGA fuel elements and the
three FFCR fuel elements. Presuming that the control rods are fully
withdrawn to achieve a power level of 1.1 MW, the total active fuel volume
will be 30,5079 em® Thus, the average power density at 1.1 MW will be
36.0 W/em®.

The maximum fuel temperature is the important parameter, so only the
radial variation of the core centerline power denlit?r is considered. To
determine the maximum power density in the D-ring location of the FFCR
fuel element, the following calculations are made:

For the AFRRI TRIGA, the radial and axial peak-to-average power ratios
are )1.58“ ngxd 1.30, respectively.® Tlus the maximum power density (heat
rate) will be

q'"’ = (1.56)(1.30)q""' (4)
ol 14 v/cn3 i

To determine Q""p iug Telative to @' | it is useful to compute a scalin
facior from the gross variation of Thermeal neutron flux in the radia
direction (thermal flux and power density are directly proportional). The
normalized radial flux distribution for the AFRRI TRIGA core is best
represented by a Bessel function of the first kind of order zero:

2.405r
Phera = Yo ! R, ) (8)

where
R, = 21.78 em. the extrapolated core radius
r = 11990 em, radial position of D-ring element

and the Besse! function scaling factor is J, (1.3240) = 0.6074.
The power density for the D-ring is thus computed to be

€ 'poping * (0-8074) @' L = 4.0 W/ea® (6)

Because the FFCR fuel element differs from the standard fuel element in
concentration of uranium, the power density in an FFCR fuel element is



Maximum Temperature R Fuel Element

takes the

rofas-seClLior ) element




Integrating equation (8) twice yields & general solution of the form

2
r
o «al?t e . 0
T(r) q “f Clln(r) + 02 (10)
Applying the boundary conditions to solve for the temperature difference
between the outer edge of the zircorium rod and the inner surface of the

cladding,
LI | ‘R 2

Cl = L—-L (“)
2k,
qvbilﬁ 1
C2 = Ti - '-;k-‘ (ln(l‘) . —2"')
o'n? o2 R
T, -0, o = ((=8)% . 210 (B) - 1) (12)
i, R Ry

To account for the transfer of heat from the fuel through the cladding to
the coolant, we must consider the heat conduction between the inner and
outer surfaces of the cladding, q ., and the heat conduction from the outer
surface of the cladding to the coolant, q1 . We make the assumption that
no heat is produced in the cladding or fie coolant, so the heat conduction
from the outer surface of the fuel, ch“,. must be equal to q ., and q, .
The heat conduction leaving the fuel is given by

Apger = TR - Bt w w( /a2 - 1R (13)

where
L = length of fuel element

)

dT 2rk L(T - T
o i (14)

-—k‘—-
felad ™ et U0 1ad "

Ap1giq = DA(T, - Ty) = 20(R_ + )LB(T, - T))

of the cladding. Recall that PUtng i RMTARR e V.

Uuel ™ %lad * Yluid (18)

So we cmmuolvc for the temperature differences in the above equations in

terins of q''"



R +¢ R .
T -1, s ln (=) (D% -1 g
. B R, 2
[¢] i 2 (16)
1 R R
Tc E ’f  — [(_3)2 & 1] __i_ q!’l
(Ro‘c)h Ri 2

Adding equations (16) with equation (12) and solving for T, gives us the
expression for the maximium temperature in the FFCR.

2
qnlrl l . '
T, Ty I | [(—9)‘ - 21n(=2) -1 (17)
’ & 14 g
Q"' 'R® Ry g 1 R oec 1
. [(==)% = 1] [==1a( ) ¢ )
L k. R, h(R, + <)
where
T, = maximum fuel temperature
T, = bulk coolant teraperature
R, = 1.38 cm (radius of FFCR fuel element)
R, = 0.288 c¢m (radius of Zr rod
¢ = 0051 em (cladding thickness
k, = 0.18 WvéchC (thertmal conductivity of UZrH)*
k, = 0.138 W/cm-*C (thermal concuctivity of SC304)*
h' = 1.330 W/em?.*C (free convective heat transfer coefficient of water)
Q"= 53.2 W/em® (from equation (¥))

Note that the free convective heat transfer coefficient, h, was an
experimentally derived quantity. The method by which h was determined is
presented in Appendix A. Solving equation (17) using a volumetric heat rate
of 53.2 W/cm® and a bulk water temperature of 48.6°C (the conditions at
which h was determined) yields a maximum fuel temperature of 210.2°C.
The maximum temperature achieved in the FFCR is nearly 180°C less than
the normal temperature of 390°C in a standard fuel element in the B-ring
during & 1.0 MW steady-state power operation.

Fuel Temperature in Pulse Mode Operation

The Nordheim-Fuchs model predicts the maximum fue! temperature achieved
in :l ulse mode operation * The fundamental assumptions of this model are
as foliows:

* The neutron flux in the reacty’ is separated into a spatial component
(:‘lupc factor) and & time-dependent .~mponent (amplitude factor), such
that

$(r,t) = va(t)¥(r) (18)



where

v = neutron velocity

n(t) = neutron density (amplitude factor), proportional to power
¢(r: = shape factor

The shape factor is assumed to reinain constant during a pulse. his 1s
called the point-reactor model.

¢ The production of delayed neutrons and the effects of source neutrons
are neglected

¢ The pulse frum & thermodynamic standpoint is adiabatic, so

dT
~ = Kn(t) (18)
dt

where
T = fuel temperature
K = reciprocal of heat capacity

From the first and second assumptions we can write the time-dependent
neutron density as

dn p -
dt L

where

€ = mean lifetime of neutrons in the reactor
p = delayed neutron fraction

p = reactivity

To account for a step insertion of reactivity, we can write

p=p, - ubl (21)

where

@ = negative of the temperature coefficient of reactivity
P,= step insertion of reactivity

Taking the derivative with respect to time of the above equation and
substituting the result from equation (18),

AP
@ " (22)

Applying the chain rule to equation (20) yields

o (-0
i - (23)



Integrating equation (23) and solving for the constant of integration gives us
the result

T -i—; ((pg =~ B2 - (0 - M (24)
The pulse is terminated when n becomes negligibly small. This occurs when

p=2p -0, (25)
Equation (25) gives us the condition for the total energy release from the

pulse, which manifests itselfl as a temperature rise in the fuel elernent when
it is substituted into equation (21).

2(py = P)

A‘rcoro.wc

(26)

Caleulations by General Atomics show that a complete core of 12 w/o fuel
would have a temperature coefficient of reactivity, a, that is 75% of the
value for an 8.5 w/o fueled core.'! The value for a,, _ . is taken to be
-$0.0118/°C. (This value was experimentally verified 'with & series of 23
pulses ranging from $1.30 to $2.00 that resulted in an average a,, of
-$0.0128/°C--within 8.5% of the published vdue.k The effect o tdcﬁng three
12 w/o FFCR's would, however, have a negligible effect on the overall
temperature coefficient of reactivity for the entire core.!

Applying the Nordheim-Fuchs model for self-limiting power excursions, we
can determine the maximum average increase in temperature for the entire
core using equation ‘26). For a maximum allowed reactor pulse with a
£4.00 step insertion of reactivity, the maximum attained average temperature
rise is calculated to be 333°C. Applying the power-peaking factors from the
previous section, the maximum calculated temperature rise in an FFCR
would be 1.40'“'”” ,i the temperature rise for an FFCR for a $4.00 pulse
is calculated to be 4V3°C. Assuming an initial ternperature of 25°C, the
maximum temperature value would be 518°C. Note that even in the
limiting case, neither the technical specification safety limit of 1000°C nor
the limiting safety systenu setting of 600°C is violated.

FFCR OPERATIONAL CHARACTEFISTICS

FFCR's are a standard design offered as a stock item by General Atomics
and have been used in several TRIGA reactors for over 20 years. FFCR's
are currently implemented in approximately & dozen TRIGA reactors. There
has been no reported evidence of fuel failure as a result of FFCR use in the
Lnited States, The operational issues to be resolved are the effects of
burnup on the FFCR and the influence of FFCR's on the temperature
coefficients of reactivity, shut-down margin, and rod worth.

FFCR control rod worth curves will be generated the same way that
standard control rod worth curves are. Since the poison section of the
FFCR will be the same as that of the currently installed standard control



ods, the worth of the poison section of the FFCR will be that of the
:urrcm}v installed cuntrolpmds. Measurements made by AFRRI reactor staff
of control rod worth of the currently installed standard control rods yielded
a nominal rod worth of $1.90. The fuel follower is expected to add at least
10.70 of reactivity® when the control rod is fully withdrawn, so the total rod
worth for an FFCR is estimated to be $2.60. The transient control rod
and its follower have been measured and have a total nominal worth of
$4 01. The shutdown margin, as established by ANS/ANSI 15.1, is
computed as follows:

Total rod worth $11.81
kmm (maxitnum) . 20
Worth of TRANS rod -

Shutdown margin 2.80

The shutdown margin with the most reactive control rod removed from the
reactor is $2.80--well in excess of $0.50 minimum allowed value.

Once operational rod worth curves are established and fower monitoring
channels have been calibrated by the thermal power calibration mezthod,
power coeflicient of reactivity curves will be generated. The issues regarding
the measurement of shut-down margin and excess reactivity are addressed in
Appendix B, Reactor Core Loading and Unloading.

Structural changes in the FFCR's will be monitored on an annual basis as
part of the annual shutdown and maintenance. Specific effects to be
monitored are the elongation and lateral bending of the fuel. FFCR fuel
elements that have an elongation greater than 0.100 inch or a lateral bend
greater than 0.0625 inch will be removed from service.

CONCLUSION

The analysis in this refort shows that installing FFCR's in the AFRRI
TRIGA reactor core will not result in an unsafe condition or violation of
technical specifications. The dprimuy parameter of interest, the maximum
fuel temperature, was computed to be 210°C in the limiting case for steady-
state operation and 518°C in the limiting case for pulse operation.
Operational issues regarding maximum excess reactivity, shutdown margin,
and burnup have also been addressed, and it has been determined that

sufficient surveillance capabilities exist to prevent any unsafe or illegal
condition,
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APPENDIX A: DETERMINATION OF FREE CONVECTIVE
HEAT TRANSFER COEFFICIENT

Introduction

We can measure he bulk water temperature within the AFRRI TRIGA core
to determine th. average free convective heat transfer coefficient of the
cooling water. This experiment involves inserting a temperature-measuring
probe between the B- and C-ring fuel elements while the reactor is operating
at a steady-state power level of 1.0 MW and measuring the water
temperature at various axial positions. Once the bulk water temperature has
been determined, Newton's law of cooling can be used to calculate the
average free convective heat transfer coefficient.

Experimental Apparatus and Procedure

The equipment used in this experiment consists of two approximately 18-foot
lengths of chromal-alumel thermocouple wires fused together at one end,
encased in a 106-foot-long, 0.375-inch-diameter aluminum (Al) tuve, and the
thermocouple display readout on the AFRRI computerized reactor control
console (Figure A-1).

The potential difference generated at the therinocouple junction as the water
is heated by the reactor is amplified and displaved by the thermocouple
circuitry in the AFRRI computerized reactor control console. The
thermocouple is initially inserted into the core to correspond to position |
The thermocouple resides in euch region for several minutes to allow it to
attain thermal equilibrium. Once thermal equilibrium is attained, ten
temperature readings are taken at 10-second intervals. After each
temperature measurement, the taermocouple is withdrawn to the next
position, and the temperature measuring procedure is repeated.

Figure A-2 shows that the temperature is measured in five axial positions:
(I) 3 inches below midpoint (14 inches of thermocouple wire inserted into
the core); (II) midpoint in axial dimension; (III) halfway between midpoint
and bottom of frlphlto slug; (IV) at top of fuel region; (V) 1.5 inches
above top of fuel region.

™m
To new console Thermocouple junctian

e

:&‘, Al tube s
‘,-———""""—"_"'" _— e —————— SEE————

Figure A-1. Experimental apparatus.
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Figure A-2. Axial measuring points.

Safety Considerations

There are two safety considerations associated with this experiment: radiation
streaming and an unintentional positive change in reactivity if the
thermocouple wires are rapidly withdrawn from the reactor core while it is
at power. Radiation streaming is avoided by flooding the aluminum tube
with water and bending the tube so that it is at an angle not normal to
the top of the core. he thermocouple wire displaces only 0.043 ih?® of
water when it is fully inserted in the core, so using the void coefficient of
renctivity, the thermocouple wire represents a negative reactivity insertion of
only 0.001 cents. If we were to estimate conservatively that the
thermocouple wire had the same neutron-absorbing properties of a control
rod, the maximum negative reactivity would be only 0.01 cents. Thus, there
is no possibility of a reactivity accident associated with the apparatus used
in this experiment.

Data

Table A-1 summarizes the data gathered during a 1.0 MW steady-state run
of the AFRR! TRIGA reactor. The variation in the temperature
measurements is most likely due to variance in the radial position of the
temperature probe in the channel.

Table A-1. Bulk Water Temperature at Each Axial Position
in the AFRR]I TRIGA Reactor Core

Axial [nlet Measured core
position temp (°C) bulk water temp (°C)
| 22 729
1 24 65.0
I 25 486
v 26 51.6
v 27 50.7

12
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Newton's law of cooling expresses the linear relationship between the heat
transfer rate, Q, and the temperature difference between the clad surface
temperature, T, and the bulk water temperature, T, as

Q = M(T‘ i TC)

where h is the overall convective heat transfer coefficient and A is the area
of the fuel element.” The value of h determined fur the AFRR! TRIGA is
unique in that it takes into account the flow configuration, fluid propertier,

and the dimensions of the fusl elements. Assuming that the dependence of
Q on the temperature difference T, - T is roughly l'near, then the value of

h, computed using data from B-ring elements with their higher heat transfer
rate and local temperature difference, will be close to the value for h for D-

ring positions.

14
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APPENDIX B: REACTOR CORE LOADING AND UNLOADING

General

Loading and unloading of the reactor core shall be performed under the
supervision of the Reactor Facility Director or the Reactor Operations
Supervisor.

Specific

1. Setup

a. Ensure that at least one nuclear instrumentation channel 1s
operational.

b. Ensure that the source is in the core.

¢. Ensure that an operator monitors the reactor console during all fuel
movements,

d. Check new FFCR's before insertion into the core; this includes
cleaning, visual inspection, and length and bow measurements.

e. Install all control rods,
f. If irradiated fuel elements are to be removed unshielded from the
pirioat (SD): 'de 201 semare fosl Sibmett Sub o Tornes Hiaad
(greater than 1 K\&) in the previous 2 weeks from the uu:torp pool, '
4. Core Loading
a. 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 readings.
(4) Calculate 1/M.
(5) Plot 1/M versus number of elements (and total mass nf Lo 95 B
(6) Predict critical loading.
(7) Insert ALL rods; continue to next step.
b. Load elements in the following order:

(1) Load the B-ring and C-ring thermocouple elements.

15



(2) Connect thermocouple outputs to reactor control console display.
(3) Install any other thermocouple elements.

(4) Complete loading of B- and C-ring elements (total of 18
standard elements plus 3 FFCR's).

(5) Load D-ring (total of 33 standard elements plus 3 FFCR's).
(6) Load the following E-ring elements in order:

16, 17, 18, 20, 6, &, 9, 10 (total of 41 standard elements plus 3
FFCR's).

(7) Complete the E-ring by loading the following elements in order:

15, 21, 11, 6, 14, 22, 4, 12, 13, 1 (total of 51 standard
elements plus 3 FFCR's).

8) Load the following F-rin* elements in two elements per step
until criticality is achieved, using the following loauing order:

22, 23, 24, 21, 20, 25, 26, 27, 28, 29, 30, 1, 2, 3, 4, 5, 19, 18,
17, 16, 15, 14, 13, 6, 12, 7, 11, 8§, 10, 9.

Once criticelity has been achieved, perform control rod worth measurements
.éucz\?{r)e position 500 by rod drop technique. Calculate shutdown margin
(S :

SDM = total control rod worth - K - TRANS rod worth

(¢) Load core to $2.00 excess reactivity by loading two elements
per step using the loading order in instruction 8.

ansd (10) Verify control rod worth using rod drop techniques; calculate

(11) Load the core to achieve a K . that will allow calibration of
the TRANS rod based on the last available Worth curve of the TRANS rod

(approximately $4.00). Calculate the reactivity value of each element as it
is added.

(12) Calibrate all control rods.
(13) Calculate SDM.

. (14) Estimate K, ., with a fully loaded core (must not exceed

(158) Load core to fully operational load using loading order in
instruction 8, and recalibrate all control rods, Calculate SDM.

16



(16) Adjust the core loading pattern to meet oBeuliom requiremnents
f necessary. Recalibrate all control rods. Calculate SDM

3. Core Unloading

a. Unload the reactor core starting with the F-ring and ending with the
B-ring.

b. Remove the fuel elen..nts individually from the reactor core, identify
them by serial nur-ber, and place them in the fuel storage racks or a
shipping cusk.

¢. If elements are to be loaded into a -hipp’mt cask, clean the cask
completely, and check for radiolegical contaraination before .gluln; the cask
it;l or n:lt the pool. Load cask in accordance with procedures specific to
the cask.

d. Once the cask is loaded, perform an air sample and survey: check
temperature and pressure inside cask, if necessary.

e. If elements are placed in temporary storage away from core

monitoring, ensure that criticality monitoring in accordance with 10 CFR 70
is in place,

17
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FITNESS FOR DUTY

GENERAL

The AFRRI Reactor Facility is a drug-free work-place. The use of illicit drugs by
any RSDR staff member is prohibited. Personnel using over-the-counter or
prescription drugs which cause drowsiness or otherwise alter one's state of con-
sciousness will not be permitted to operate the AFRRI TRIGA reactor. In addi-
tion, reactor operators, operators-in-training, and management will be monitored
for attitude and behavioral changes that may impact an individual's reliability.

SPECIFIC

. RSDR staff members shall participate in drug-free awareness programs spon-
sored by AFRRI. Military and civilian staff members shall submit to drug screen-
ing programs conducted by their respective services. If a staff member's drug
screening test yields a positive result, that staff member shall not be permitted to
operate the reactor pending verification of the test. The Reactor Facility Director
(RFD) is required to ensure that the cutoff levels for alcohol or controlled sub-
stances as established in 10 CFR 26 are not exceeded by NRC licensed personnel.
Any staff member determined to be a drug user will be terminated.

2. Personnel are instructed to inform their physician of their job description and
requirements prior to being issued a prescription medication. They are instructed
to inquire about any medication side effects expected and the physician's opinion
regarding interference with safe job performance. This information shall be re-
layed to RFD as soon as possible.

Personnel are encouraged to minimize their use of non-prescription over-the-
counter drugs for seif-medication purposes. Specifically, sedatives, cough and cold
preparations, appetite suppressants, and pain relievers have central nervous system
side effects. If these medications are used in any quantity, an operator must in-
form the RFD or ROS and be relieved from operating on that day or until any
side effects have resolved once the medication has been discontinued.

Personnel are instructed to read the information in the Physician’s Desk Refer-
ence (PDR) concerning medication they are taking. If the PDR indicates that the
medication will adversely affect an operator's ability to safely perform his/her du-
ties, he/she must inform the RFD or Reactor Operations Supervisor (ROS) that
he/she must be relieved from operating on that day.

“Revised: 13 May 91 Page |



3. The RFD shall continuously monitor the reliability of individuals under his/her
command by the following critena

Any court-martial or civil conviction of a serious nature. Minor traffic
violations are not a consideration.

Negligence or delinquency in duty performance.

Significant mental or cha acter traits, or aberrant behavior, sustained by
medical authority, that might affect the reliable performance of duties.

Behavior patterns that s, ow or suggest a contemptuous attitude toward
the law or regulations

Drug abuse or alcohol misuse.

Poor attitude, lack of motivation toward assigned duties, or financial ir-
responsibility.

The RFD will be observed by his superiors to ensure his/her adherence to
reliability criteria. Individuals who exiibit any of the listed behaviors or actions
will be removed from licensed activities,
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[ PERSONNEL PASSAGE THROUGH THE PREP AREA

GENERAL

Access to the Reactor Prep Area is limited to personnel who are granted access in
accordance with the reactor physice, security plan and Operational Procedure 1.
The Reactor Facility Director is responsible for mair iining an unescorted access
roster for the Reactor Prep Area and for providing a Prep Area briefing to ali
persons listed on that roster. This admicistrative procedure does not recapitulate
the operational procedure. Rather, it presents specific guidelines for Reactor Prep
Area pascage for individuals who are authorized access.

SPECIFIC

There are three specific conditions when Reactor Prep Area passage is considered
apprupriate.

I. ROUTINE PASSAGE: (EXPOSURE ROOM DOORS CLOSED)

a. Perronnel who are authorized unescorted access to the Reactor Prep Area
may puss through the Prep Area but are required to radiologically frisk
themselves when exiting the Prep Area,

b. Fersonnel who are being escorted through the Reactor Prep Area may pass
through the Prep Area with their escort. Both individuals must radiologically
frisk themselves when exiting the Prep Area.

¢. Only appropriate personal dosimetry that has beeu issued by SHD or AFRRI
Security is requi.ed for routine passage through the Reactor Prep Area. There is
no requirement to wear a pocket chamber in addition to the AFRRI issued
LD for routine passage.

CONTROLLED PASSAGE: (EXPOSURE ROOM DOOR OPEN)

a. Only personnel associated with the experiment/operation being performed are
normally authorized access to the Reactor Prep Area during an exposure room
ope-ing. These personnel will be required to wear the AFRRI TLD dosimeter
(issued with their AFRRI badge), pocket chamber (if dose rate at face of door is

2 me/hr or more), and the 1ollowing special dosimeters if they euter the exposure
room:

2

AFRRI wrist dosimeter or finger ring dosimeter.
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‘I personne! who enter an exposure room wiil log their pocket chamber reading
the pocket chamber log prior 10 ntering the room for the first time that day
nd will enter the final pocs chamber reading following their exit from the

xposure room at the end of the day. Each individual who enters an exposure

m 1S responsible for monitoring his accumulated dose throughout the day to

o ensure the he/she doz: not exceed the AFRRI daily exposure limits of Si
5 R/dav or 100 mR /'week. Extremity dosimetry is required only uf work 1s to be
W pertormed on an experimental array or within 1 meter of the core projection

b. Personnel authorized unescorted access to the Reactor Prep Area or
personne! being escorted through the Reactor Prep Area may pass through the
Prep Area when an exposure room is open with permission from the Reactor

Staff person in charge during the opening if the following guidelines are met

4 1 |} The person Gesiring passage must stop just inside the Prep Area
A g J0Or upon seeing that an exposure room door is open and request @
g e e ! )

permission from the Reactor Staff member in charge before

proceeding. At that time, the Reactor Staff and Safety Sta®” members

monitoring the Exposure Room opening will determine if the radiation

- level at the vutside entrance to the exposure room in direct line of sight

with the core projection is less than or equal to 2 mR/hr. If this reading

: s less than or equal to 2 mR/hr, the Reactor Staff Member may grant

A passage permission. If the reading is greater than 2 mR/hr, passage will

be denied

L rsonnel who pass through the Reactor Prep Area njust -
PN adivogically frisk themselives before exiting the Prep Area. There is
\ no requiitment for these individuals t0 wear a pocket chamber just to
e pass through the Prep Area
‘ 3. OPEN PASSAGE: (NON-ROUTINE) ,
AR The prep area may be opened for passage by personnel traveling between buildings !
\{‘_ at AFRR' when maintenance is being performed on the normal connecting
' hallwiy. This is not a .outine occurrence and warrants written approval from the
Reactor Facility Director with concurrence from the Chairman. Safety and Health y
J SR i Department. In addition, the Prep Area must be monitored at all times by
\) o appropnately trainsd personnel. Prior to the opening of the Reactor Prep Area for

open passage, the Safety and Health Department shall conduct a radiological
survey of the area and cenify that no radiation areas exist within the Prep Area

and that the noun-painted aeas of the Prep Area floor are free of contamination
', & There is no requirement for personnel who pass carough the Prep Area to wear g
,\ \ pocket chambers or frisk themselves during periods of open passage. Finally, open ’
0 passage will be suspended during exposure room openings
A (
ol Revised: 15 Mav 91 .
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FACILITY MODIFICATION

GENERAL

Changes to the Reactor Facility and operational procedures must comply with
requirements specified in the Reactor License, and 10 CFR 50.59. It is required
that modifications to the facility or procedures as described in the Safety Analysis
Report (SAR) be documented with a written safety analysis. Under 10 CFR 50.59,
a licensee may make changes to the facility provided there are no changes made to
the Technical Specifications, there are no unreviewed safety questions, and that a
proper safsty analysis is carried out, documented, and reviewed.

Applicability:

* The Facility Modification Procedure applies to proposed facility
changes or changes in the operating procedures.

* The referenced procedure will not cover routine replacement of
parts or components with equivalent parts or components.

DESCRIPTION

This administrative procedure consists of these instructions, the Facility Modifi-
cation Worksheet Guide, and two worksheets to facilitate a 10 CFR 50.59 review
of modifications and to determine if a detailed safety analysis is necessary. The in-
structions in the Facility Modification Worksheet Guide are used determine which
worksheet must be completed for the modification. One of three conclusions re-
garding the proposed facili‘v modification will be reached:

1. The modification requires prior approval or a license amendment
from the USNRC,

2. The modification may be made according to the provisions of 10
CFR 50.59(a)(1) (Facility Modification Worksheet # 1), or

3. The modification does not require a 10 CFR 50.59 safety analvsis
(Facility Modification Worksheet # 2).

\
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Facility Modification Worksheet 1
10 CFR 50.59 Analysis

Proposed Change

Submitted by: Date

1. Description of change:

2. Reason for change:

3 Verify that the proposed change does not involve a change to the Technical
Specifications or produce an unresolved safety issue as specified in 10 CFR
50.59(a)(2). Attach an analysis to show this.

Analysis attached? Yes

4. The proposed modification constitutes a changes in the facility or an opera-
tional procedure as described in the SAR. Describe which (check ail that apply).

Procedure Facility Experiment

evised: 15 May 91 Page 3
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Facility Modification Worksheet 1

7. Specify associated information.

New drawings are: Attached
Not required

Does a drawing need to be sent to Logistics?  Yes ___ No ___
Are training materials effacted” Yes ___ No___
Will any Logs have to be changed? Yes ____ No____
Are other procedures effected? Yes ___ No____

List of items affected:

8. Create an Action Sheet containing a list of associated work specified in item #
7, attach a copy, and submit another to the RFD.

Action Sheet: Submitted Not Required
Reviewed and approved by RFD Date
RRFSC Concurrence Date

Revised: 1% May 91 Page 5



Facility Modification Worksheet 2
No 10 CFR 50.59 Analysis Requiied
Proposed Change

Modification to:  Procedure Facility Experiment

Submitted by: Date

1.Description of change:

2. Verify that tte proposed change does not involve a change to the Technical
Specifications, the facility as described in the SAR, or procedures as described in
the SAR, and does not produce an unresolved safety question as defined in 10
CFR 50.59(a)(2).

3. If change involves a facility modification, attach a drawing if appropriate. If
structural facility drawings need updating, forward a copy of changes necessary to
Logistics.

4. Determine what other procedures, logs, or training materia! may be affected
and record below.

5. List of associated drawings, procedures, logs, or other materials to be changed:

6. Create an Action Sheet containing the list of associated work specified above,
attach a copy, and submit it to the RFD.

Action Sheet: Submitted Not Required
Reviewed and approved by RFD Date
RRFSC Notified Date
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SPECIAL NUCLEAR MATERIAL ACCOUNTABILITY

1. PURPOSE

This procedure prescribes the responsibility for all work involving the receipt, use,
and disposal of Special Nuclear Material (SNM) at AFRRI

2. REFERENCES

a. 10 CFR 70 Domestic Licensing of Special Nuclear Material

b. 10 CFR 73 Physical Protection of Plants and Materials

¢. 10 CFR 74 Materia! Control and Accounting of Special Nuclear Material

d. NUREG/BR-0006/7 Instructions for Material Balance Reports and Transac-
tion Reports

¢. AFRRI Health Physics Procedures

3. RESPONSIBILITY

a. Overall responsibility for all SNM at AFRRI rests with the Reactor Facility
Directer (RFD). The RFD designates individuals to be in charge of supervising
the use of and accountability for specitic types of SNM.

b. Members of the reactor staff will use SNM procured under license R-84 in ac-
cordance with the reactor Technical Specifications and Re-ctor Operating Proce-
dures. Users of SNM listed under the byproduct material license will be
governed by Health Physics Procedures (HPP 5-X series). The RFD will desig-
nate a member of the reactor staff (Inveniory Officer) tn conduct inventories
and maintain accountability records for all SNM as required by Reference d,
this procedure, and HPPs,

¢. The inventory officer will receive training in fuel records, accountability pro-
cedures, and inventory procedures prior to assignment as inventory officer. This
will be documented on the appointment memo. (Appendix A)

4. RECEIPT AND TRANSFER OF SNM

Receipt of SNM at AFRRI and transfer +f SNM from AFRRI are regulated by 10
CFR and 49 CFR and performed in accordance with HPPs 0-3 and 0-5. When any
SNM s received or transferred, the responsible inventory officer will ensure that
DOE/NRC Form 741 is submitted as required by Reference d and 10 CFR 74.15.
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The RFD must authorize any receipt or transfer of SNM. Approval is also re-
quired from the RXSC for any SNM on the byproduct material license,

5. ACCOUNTABILITY AND INVENTORY PROCEDURES

a. Safety and Health Department (SHD) personnel will conduct leak tests as re-
quired by HPP 5-2. A physical inventory of all sealed SNM sources on the by-
product license will be conducted as of March 31 and September 30 of each
year. This semiannual inventory will be conducted to ensure annual compliance
with 10 CFR 70. The specific inventory method will follow ALARA considera-
tions. Reports required by References ¢ and d (DOE/NRC Form 742/742C) will
be prepared and submitted within 30 days (10 CFR 74.13).

b. A current reactor fuel inventory sheet (Appendix B) will be maintained. It
will give the core loading (core position) for all in-core fuel elements and
FFCRs. During each inventory , the inventory officer will sign the inventory
sheet verifying loading. This document will be updated if changes occur and at
least 10% of the in-core elements will be verified by serial number as to location
annually.

¢. Inventory procedures for reactor fuel elements and fuel-foliower control rods
will be as follows (conducted as of March 31 and September 30 each year by the
inventory officer):

(1) Perform K-excess to verify the core is loaded as per the fuel invea-
tory sheet.

2) Sign the fuel inventory sheet to certify correct loading and attach to
summary accountability sheet. (Appendix C)

(3) Inventory by serial numbers fuel elements in stcrage except for en-
tombed damaged elements (previously recorded)

(4) Account for any fuel elements or FFCRs received or shipped out
during the reporting period

(5) Ensure number of elements and FFCRs present matches the num-
ber of fuel element record sheets and that Fuel Element Record
(AFRRI Form 255) sheets are current

(6) Transfer data from fuel inventory sheet to summary accountability
shect and verify correct total number of fuel elements and FFCRs

(7) Calculate fuel burnup in grams based on kilowatt-hours generated
during the reporting period and subtract from the previous material
balance
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(8) Complete and submit DOE/NRC Forms 741, 742, and 742C using
procedures in Reference d.

(9) File the fuel inventory sheet, the summary accountability sheet,
and copies of all DOE/NRC forms in reactor files.

d. Fission chambers and other SNM on the R-84 license will be inventoried by
piece count in conjunction with the fuel inventory, recorded on the summary ac-
countability sheet, and reports submitted as in (8) above. All smear testing/han-
dling will be in accordance with Reference e.

6. RECORDS

All records and reports pertaining to any SNM held at AFRRI will be maintained
in reactor facility files by the inventory officer. Duplicate receipt and transfer files,
radiological survey documents and leak test results will be maintained in SHD files.

7. REPORTS OF SNM INCIDENTS

Reports of loss, theft, attempted theft, or diversion of SNM will be submitted as re-
quired by 10 CFR 74.11. Other incidents involving SNM may be reportable under
reactor Tecunical Specifications or 10 CFR 20.402-20.405

8. SIGNATURE AUTHORITY

All reports and other outgoing correspondence dealing with SNM will be signed
only by the Reactor Facility Director or his designee (see paragraph 3a).

“Revised: 13 May 91 page 3




INVENTORY OFFICER

Rraxﬁnrydldﬁ) Director
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APPENDIX B - FUEL INVENTORY WITHORAWN FROM PUBLIC DISCLUSURE



Appendix C

Summary Accountability Sheet

Number Weight

Fuel Elements In Core

Fuel Elements In Tank Storage

Total Fuel Elements

Fuel Follower Control Rod

(Location)

Chambers

Foils

Sources
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FROCEDURE CHANGES

GENERAL

This establishes procedures for permanentiy or temporarily changing reactor oper-
ating procedures.

SPECIFIC

I. Permanent changes are made by revising the entire procedure. The revised pro-
cedures 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, approved by the RFD, and 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 signature block for all op-
erators and reactor staff members. Onerators will review new or modified proce-
dures and sign the signature block prior to operating the reactor console When

the block is completed, the procedure will be placed in the Reactor Procedures
Binder and kept available for operator review.

5. All changes will be accomplished nunder the following guidelines:

a. The change will result in no decrease in the safety of the actions
being addressed.

b. The change will result in no decrease in the efficiency of procedure
performance.

¢. The change will not affect the ability of the procedure to perform its
intended function.

Revised: 15 May 91 Page 1



7. All changes will be staffed to the following:
a. Chairman, Safety and Health Department (SHD)'
b. Reactor and Radiation Facility Safety Committee (RRFSC)
¢. AFRRI TRIGA Reactor Facility staff

Procedures that may affect other areas such as building changes, security, etc., will
be staffed 10 the appropriate office(s) prior to routing to Chairman, SHD

* NOTE: Procedural changes that do not deal specifically with health physics pro-
cedures or radiation safety issues need not be staffed through Chairman, SHD.
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CONDUCT OF EXPERIMENTS

GENERAL

1. All experiments will b, observed during irradiation with the exception of CET
experiments or those in which no movement is possible, The closed-circuit televi-
sions (CCTVs) 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. All animal experimental arrays (shielding) in the exposure rooms that are set-up
on wooden tables or on styrofoam will have an absorbent pad placed over the
wood or styrofoam surface to prevent sanitation problems from the animai waste.

4. The Reactor Staff will conduct a thorough inspection of all experiments to de-
termine that no unauthorized materials are irradiated.

5. ALARA will be practiced during all experiments.
SPECIFIC

I. A Reactor Use Request (RUR) is required for any experiments included under
authorizations outlined in the Technical Specifications, section 6.4.2.a. and section
6.4.2.b.. RURs are not required for reactor parameter measurements as outlined in
the Technical Specifications, section 6.4.2.c. Any experiment performed by the reac-
tor staff (except T.S. 6.4.2.a) for the purpose of determining information to b~ used
to enhance, define, ascertain, or develop methods to expand the performance of

the reactor will not require an RUR. Facility tours will not require an RUR but
will require verbal approval ot either the Reactor Facility Director (RFD) or the
Reactor Operations Supervisor (ROS).

2. Expziiment Review (Processing of RURs):
a. Check the RUR for completeness (Section I should be filled out).

b. Forward the RUR to the Radiation Biophysics Department, Opera-
tional Dosimetry Division (BRPD) if dosimetry support is required.

¢ Forward it to the Safely & Health Department (SHD) for radiologi-
cal safety coordination.
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d. Check experiment protocol against reactor cuthorizations.

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

. Have the RFD, acting RFD, ROS or acting ROS review and sign the
form.

g. Ensure the RUR form is placed in the reactor control room prior to
the irradiation.

3, Conduct of Experiments, Perform setup and irradiation of experiments in ac-
cordance with the following procedures:

a. Exposure Room Entry - TAB A.
b. Core Experiment Tube (CET) - TAB B.
¢. Extractor System - TAB C.
d. Pneumatic Transfer System (PTS) - TAB D.
¢. In-pool/In-core Experiments - TAB E.
4. Complete the RUR by filling out Section IV with the appropriate information.

5. Attach form to clipboard in the control room.

Revised: 15 May 91 Page 2
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REACTOR EXPOSURE ROOM ENTRY

1. REFERENCES
a. 10 CFR 20, "Standards for Protection Against Radiation"
b. USNRC licenses: R -84, 19-08330-02
¢. AFRRI Instruction 6055.8B

2. GENERAL

a. PURPOSE: This procedure specifies all safety and security procedures for ac-
tivities involving entry into the AFRRI TRIGA Reactor exposure rooms, currently
designated exposure rooms 1 and 2 (rooms 1123 and 1122).

b. AUTHORIZED ENTRY: Both AFKRI picture badge and U-badge person-
nel, may enter a reactor exposure room under the supervisica of the Reactor Facil-
ity 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 expo-
sure rooms will be granted personnel whose duties require such entry; however, per-
mission may be denied to personnel for serious or repeated safety or security
violations, or for safety reasons emanating from conditions in the exposure rooms.
All personnel who are granted 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 access will be given the combination
to the prep area . The RFD is responsible for maintaining a roster in the prep
area 1. personnel who have been granted unescorted access. Other personnel re-
quiring unescorted access to the prep area or warm storage for a specific purpose
or time period may be granted special access in writing by the RFD with concur-
rence of SHD. However, these personnel who are granted special access from the
RFD will not be given the combination to the prep area.

¢. 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 and pocket dosimeter.
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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 middie 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 pe-
r.od of time and any other place deemed necessary by the SHD or reac-
lor representatives.

d. ROUTINE ENTRY: Entry is routinely permitied 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. It personel are
working in a specific area for an extended period of time , the dose rate in that
area will be measured.

(1) Readings over 100 mR/hr (closed window) will be reported to the Reactor
representative by the SHD monitor. These areas of the exposure room wili be iden-
tified to the Reactor representative and entry personnel. When appropriate, after
consultation with the SHD and Reactor representatives, stay times will be assigned
for entry personnel. 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 compli-
ance with radiation safety aspects of applicable Reactor Use Requests (RURs). If
not, non-compliance will b, reported to the RFD and to SHD.

¢. FILLING OUT THE SURVEY OF EXPOSURE ROOM OPENING LOG:
The exposure room opening log sheet must be filled out completely for each open-
ing of an exposure room. 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. Personel may enter the exposure rooms without a SHD monitor present if
ALL the following conditions hold:

(1) The reactor has not been to power in that ER since the last survey.
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(2) Survey meter readings at the door indicate safe entry conditions
(should be less than 1 mR/hr).

(3) The ER CAM should be cbserved, and us reading (net) should be
less than 200 cpm above background.
b. An entry will be inade in the exposure room log by a reactor staff member,
with a note that the surveyv has been waived.

¢. SHD must be notified if any radioactive materials or equipment are to he re-
moved from the prep area.

5. PERSONNEL PROTECTION PROCEDURES

a. Dosimetry and protective clothing requirements are given in paragraph 2.c, ER
Entry Instructions.

b. Entry is permitted only after the SHD moniter has completed the survey and
reported results to those about to enter (excluding non-monitored openings - Refer-
ence Paragraph 4, above),

¢. All personnel shall record initial dosimeter reading in the prep area dosimeter
log prior to entering the exposure room for the first time each day. Personnel shall
read dosimeters when leaving the exposure room and record a final dosimeter read-
ing in the prep area log at completion of daily operations. 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 will "frisk" themselves before leaving the prep area.

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; ensure all obstacles are clear of the
door (including ropes).

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

d. When facility safety interlocks and opening procedures have been satisfied, in-
sert key into exposure room door key panel and open door. DO NOT LEAVE
KEY IN LOCK UNATTENDED.
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¢. Open door in accordance with entry procedures. Ensure all required data is
logged in entry log.

f. Ensure that individuals who will be moving lead. bismuth, or other heavy ma-
terials are wearing steel-toed shoes.

g. Limit exposure times of all personnel entering the exposure rooms hased on
the results of the radiaiion survey.

7. ACTIVATED MATERIALS

a. PLACING MATERIAL IN EXPOSURE ROOM: Before placing any equip-
ment or material in au exposure room for irradiation the following will be ob-
served:

(1) Equipment tagged as AFRRI property: a DF must be sent io 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 prop-
erty books. It must alsc state that should the material remain byproduct material
after a reasonable amount of time it will be disposed of as radioactive waste. The
DI must contain all nomenclature as well as an adequate description of the equip-
ment in order for it to be identified on the property book.

(2) Non-tagged AFRR! equipment or material (to be returned): a DF or state-
ment 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 experi-
menter wishes 10 be returned) and a copy or number of their radionuclide authori-
zation number. The DF or RUR statement must be specific and contain an
accurate description of the material being exposed (converted to byprodut).

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 proce-
dure 7.b. and 7.¢.)

(3) Non-tagged equipment or material (not to be returned): A DF or state-
ment on the RUR that the experimenter understands that byproduct material pro-
duced 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-AFRRI owned equipment/material: A signed memorandum from the
responsible property owner that they understand that byproduct materials gener-
ated in excess of their license will be disposed of as radioactive waste unless prior
arrangements have been made with the reactor/SHD staffs for storage. Any mate-
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b. Once clean, do NOT handle the rabbit except with gloves,
Kimwipes, or handling tools.

¢. Ensure that the rabbit cap is secured tightly

d. The rabbit may be inserted into the CET either before the run begins
or while the reactor is at power .

¢. If the rabbit is to be inserted while the reactor is at power, then after
notifying the reactor operator on console, drop or lower the rabbit into
the core WITH THE CAP UP. Ensure that you spend a minimum
amount of time in the vicinity ¢f the carriage. Do NOT lower the rab-
bit with the extractor tool while at power.

f. Complete irradiation and shut down reactor.

g. Ensure appropriate entries are made in the operations logbook «nd
the CET logbook.

1 Rabbit Retrievals:

a. Easure that a reactor staff member and & Safety & Health Depart-
ment (SHD) monitor are present in the reactor room. Any staff mem-
ber who will be handling the sample following the irradiation may be
required to wear a pocket chamber and appropriate extremity dosime-
try depending on the radiation levels of the irradiated sample. If the
CET is in the core, a reactor operator must monitor the console during
the retrieval.

b. Test the rabbit extractor ("fishing pole") for operability,

¢. Insert the extractor head mechanism into the CET and reel out cable
until you reach the low end indicator painted on the cable.

d. Drop the extractor head firmly on the rabbit,

e. Ensure the SHD monitor has a teletecior 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 excessively hot.

h. Stop when the rabbit is visible at top of CET; have SHD take an ac-
curate radiation reading.

i. If radiation 1.vels are acceptable, swing rabbit away from carriage
and have anotlier individual grab it with a handling tool. If the radia-
tion levels are not acceptable, lower the rabbit back into the CET. The
rabbit will again be withdrawn for reevaluation of radiation levels
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when the SHD and RFD representatives concur on » .cceptable radi-
ation level in accordance with ALARA and mission ..quirements.

). Release extractor head and detach rabbit from head.

k. Unless working with the rabbit. or radiation levels are low, store rab-
bit or irradiated material in a lead pig or siorage cask.

| Make appropriate entries in the operations and CET logbooks.
4. CET Removal from Core:

a. Complete steps la-¢c above.

b. Loosen the CET bracket bolts while holding the CET down; remove
the CET bracket.

¢. Notify the console operator that you are prepared to remove the
«ET from the reactor core.

a. When acknowledged, transfer the CET to the storage rack, ensuring
that it is kept as low in che 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 storag: rack and transfer to core.
Notify the console operator and receive acknowledgment prior to inser-
tion of the element .

h. Ensure the element is properly seated in the lower grid plate by lis-
tening for the "double clicks".

i. Make appropriate entries in the operations and fuel logbooks and up-
date the reactor core pegboard.
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OPERATIONAL FROCEDURE Procedure ), TAB C

EXTRACTOR SYSTEM

GENERAL

The extractor s ¢ s v/ oo g ¢ foi operability prior to the initial experiment
for the day.

SPECIFIC

|. 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 .

(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 tubes and slide the clamp over each joint.

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

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

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

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

(6) When the cable is all the way through both tubes, thread the cable
througk the receiver tube while moving the receiver table into final po-
sition against the wall (if necessary, add an additional length of cable
to the take-up reel).
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(7) Position and tighten clamp over the joint; position carrier in tube
and connect cable to each end; remove the tape on the take-up reel.

(8) Pull back on the cdrive motor assembly until there is no slack in the
cabies; 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 lonsening the motor assembly, place tape on the cable dium
to keep the cable from moving (ensure the carrier is in the receiver sec-

tion).
(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 the string at the joints in the room and tape the ends to the
tubes or tie the ends together .

b. Ensure the tube plug is in place, and the control unit is secured.
3. Operations:
a. On the motor control, initially set controls as follows:
(1) Power switch: "OFF",
(2) Torque control: "OFF".
(3) In/out switch: "BRAKE",
(4) Speed control: "0%",
b. Plug motor control into AC outlet; switch the power switch to "ON",
¢. Switch in/out switch to appropriate position.

d. Slowly increase speed to an appropriate level; as the carriage approaches its
full in/out position, decrease the speed slowly to "0%".

¢. Turn the in/out switch to "BRAKE".

f During retrieval operations, the Safety and Health Department (SHD) moni-
tor will be present.
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OPERATIONAL PROCEDURE © 7 Procedute 1, TAB D

PNEUMATIC TRANSFER SYSTEM (PTS)

GENERAL

1. This PTS procedure is inactive. If the PTS Facility is reactivated, then this pro-
cedure must be reviewed and approved by the RRFSC and the Reactor Facility Di-

reclor
2. ALARA principles will be practiced during PTS operations.

3. All PTS operations will be directly supervised by a reactor operator present in

the Hot Lab.
SPECIFIC
1. PTS Setup:

a. Position core at 700 (inside region 111).

b. Ensure communications are established 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. If the anticipated radiation level of un> returned rabbit is greater than 1.0
R’hr at 1 meter, take the following precautions:

(1) Use the remote control unit, unless experiment requirements dic-
tate 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.

ts

Manual Operations:

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

| b. Place blower switch in the "ON" position.
'M
| Revised: 15 May 91 Page 1
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Diverting Samples:
a. Diversion of samples to the Hot Cell may only be made using the "A" system.

b. After the rabbit has returned to the receiver sender station, set the di-
verusend 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 rab-
bit will leave the receiver sender station and travel to the Hot Cell.
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IN-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 1

- Tab B).
SPECIFIC

1. All operations will be supervised by a licensed operator

ro

. Actions will be taken to prevent damage to the reactor core or aluminum * nk.

o

. Ensure that a member of the reactor staff and a SHD representative are present
in the reactor room during the removal of samples from in-pool or in-core loca-
tions.

4. The removal of experimental materials from the pool or core will be monitored
with a radiation survey meter; additionally, a reactor operator will monitor the re-
actor console during insertion and reinoval of in-core/in-pool experiments.

Revised: 15 May 91 Page 1
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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 equipment room (3152), lower equip: at room (2158), warm storage, prep
area, exposure room 1, exposure room 2, and the hot lab/cell. AFRRI Instruction
6055 8B, Occupational Radiation Protection Program, is the radiation protection
program followed by RSDR.

SPECIFIC

1.

ro

L A

7.

Reactor Room:
a. CET Operations: See Procedure 1-Tab B,

b. When working inside chained area around pool: The reactor operator on the
console shall be resporsible for controlling entry into the chained area during
operations

Warm Storage: See HPP 3-1,

Prep Area: See Prep Area Briefing.

Exposure Rooms: See HPP 3-1 and Procedure 1-Tab A.
Hot Lab/Cell: See HPP 3-5 and Procedure 1-Tab D.
Upper and Lower Equipment Rooms:

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

b. Access to these areas is controlled by the AFRRI Reactor Physical Security
Plan.

Personnel Dosimetry and Monitoring: See HPP 3-1, 3-2, and the Pre; Area

Briefing.

Revised: 15 Nov 91 Page 1
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Xposure raciities

1 possible

gbook &1

Ensure reactor area doors are secured Jpon J(‘}\a:luxc
Proper classification of emergency situation

1: All SROs must review th
enced Emergency Plan documents and b
they occur. Below is a tab

nro
LG
Ncee
el

0 Ppi
buiation of em¢
w5

perly classify the events as

classification

' . i {
0 D€ Used as gu




EMERGENCY Radiation Activate AFRRI Complex  Activaie Emergency
CLASS Alarms Emergency Evacuation Response Team
(Unanticipated)

Class U
Fire Alarm
(non-reactor) Yes Yes
Class 1
R1> 1 min, \ Yes
2> 1 min, . Yes
R3 No No
RS > 1 min. ¢ Yes
R6 No No
E3 > 1 min. . Yes
E6 »1 min. . Yes
SGM> 1 min. . Yes
Reactor
Stack Fan
Monitor No No
Fire Alarm
(reactor) Yes Yes
Class 2
CAM> | min.
concurrent
with R1, R2,
RS, and/or
SGM . Yes

NOTE: * A decision 1o evacuate the Institute will be made by the ECP

Commander based on input from the ERT Commander.
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OPERATIONAL PROCEDURE | R Procedure 7

REACTOR CORE LOADING AND UNLOADING

GENERAL

Loading and unloading of the reactor core shall be performed under the supervi-
sion of the Reactor Facility Director or the Reactor Operations Supervisor.

SPECIFIC

l. Setup
a. Ensure that at least one nuclear instrumentation channel is operational.

b. Ensure that the source is in core.

¢. Ensure that an operator monitors the reactor console during all fuel move-
ments

d. Check new FFCRs before insertion into the core; this includes cleaning, vi-
sual inspection, and length and bow measurements,

¢. lastall all control rods.

f. If irradiated fuel elements are to be removed unshielded from the pool, obtain
a Special Work Permit (SWP) from the Safety and Health Department (SHD);
do not remove tuel elements with a power history (greater than 1 KW) in the
previous 2 weeks from the reactor pool.

2. Core loading

a. 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 readings.
(4) Calculate 1/M.
(5) Plot 1'M versus number of elements (and total mass of U-235).
(6) Predict critical loading.
(7) insert ALL control rods; continue to next step.

b. Load fuel elements in the following order:
(1) Load the B-ring and C-ning thermocouple elements.

evised: 15 May Faael



(2) Connect thermocouple outputs to reactor control console display

(3) Install any other thermocouple elements.

(4) Complete loading of B. and C-ring elements (total of 18 standard el-
ements plus 3 FFCRs).

(%) Load D-ring (total of 33 standard elements plus 3 FFCRs)

(6) Load the following E-ring elements in orde::

16, 17, 18, 20, 6, 8, 9, 10 (total of 41 star.dard elements plus 3 FFCRs).
(7) Complete the E-ring by loading the following elements in order:

15,21, 11, 5, 14, 22, 4, 12, 13, 1 (total of 51 standard elements plus 3
FFCRs)

(8) Load the following F.ring elements in two elements per step until
criticality is achieved using the following loading order:

22,23, 24, 21, 20, 25, 26, 27, 28, 29, 30, 1, 2, 3, 4, 5, 15, 18, 17, 16, 15,
14,13,6,12,7, 11, 8, 10, 9.

Once criticality has been achie- ¢d, perform control rod worth measure-
ments at core position 500 by rod drop technique. Calculate shutdown
margin;

SDM =Total Control Rod Worth - K-excess - TRANS Rod Worth

(9) Load core to $2.00 excess reactivity by loeding *wo elements per
step using the loading order in instruction 8.

(1) Verify control rod worth using rod drop lechniques, calculate
SDM

(11" oay the core 10 achieve a K-excess that will allow calibration of
the TRANS rud based on the last available worth curve of the TRANS
rod (approximately $4.00). Calculate the reactivity value of each ele-
ment as it is added.

(12) Calibrate all control rods.
(13) Calculate the shutdown margin.
(14) Estimate K-excess with a fully loaded core (must not excee. $5.00).

(15) Load core to fully operational load using loading order in instiuc-
tion 8, and recalibrate all control rods. Calculate the sautdown margin.

(16) Adjust the core loading pattern to meet operational requirements
if necessary. Recalibrate all control rods. Calculate the shutdown mai-
gin.




8. At the end of each a; 7 in which a Daily Operational Startup Checklist or Daily

Safety Checklist has been completed, perform a Daily Operational Shutdown
Checklist (Tab I).

9. Complete the monthly summary .

10. Respirator equipment will not be used on a routine basis, Respirator
equipment is provided for use during emergency conditions only.

Revised: 15 Nov 91 Page 2
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k@ Procedure &

REACTOR  OPERATIONS

GENERAL

Logbook entries will be made in accordance with the Logbook Entry Checklist
(Tab A)

SPECIFIC

1. The names of the individuals who supervised and periormed the daily and

weekly checklists will be shown at the top of the checklist. Checkmarks or num-
bers, as appropriate, will then be entered on each checklist line as that item is per-

formed.

2. Perform reactor Daily Operational Startup Checklist (Tab B), utilizing appropri-
ate nuclear instrumentation set points (Tab (). In the case of no planned opera-

tions, a Daily Safety Checklist (Tab B1) may be performed.

3. Record at the beginning of each day in the reactor operations logtook the SRO

~ -

on-call for that date.

charge (PIC) present at the reacto: facility. If
vised entry will be made in the logbook. éither the PIC or SRO on-call

4. At the begining of each working day, also record énzm ame of the physicist in

5. Perform K-excess measurement (Tab D),
6. Perform operations in accordance with the foliowing:
a. Steady state operation (Tab E).
b. Square wave operation (Tab F).
¢. Pulse operation (Tab G).
d. CET operations (Procedure 1, Tab B).
e. Pneumatic Transfer System _Procedure 1, Tab D).

f. In-pool/in-core experiment (Procedure 1, Tab E)

hanges during the day,

are-

7. Perform Weekly Operational Instrument Checklist once during each calendar

week (Tab H).

Revised: 15 Nov 91
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(6) Operation of reactor associated facilities such as lead shield doors, pneu-
matic tube systems, etc., unless such operations cause a change of reactivity (see
S.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 iogbook whenever multi-
ple operators are signed on the console.

(9) Completion of the daily startup and shutdown checklists and weekly
checklist.

(10) Signature of reactor operator to close out .ne log for the day.
(11) Designation of the SRO on-call and physicist in charge (PIC).
(12) Reactor calibrations and data.

(13) All line outs, entry errors, changes in mode of operation stamp lines, and
end of page line outs will be initialed or signed by the operator.

b. RED:
(1) K-excess measurements, to include experiment worth determinations.
(2) Actions which affect reactivity:
(a) Core movement,
(b) Fuel movement,
(¢) Control rod physical removal for maintenance.
(d) Experiment loading and removal from the CET, PTS, pool, or core.

¢. GREEN:

(1) Any reactor malfunctions noted upon discovery/occurrence with a second
entry noting corrective action has been completed.

(2) Additional items entered at the discretion of the operator such as addi-
tion of makeup water to the reactor rool, etc.

(3) Any Technical Specification required equipment taken out of service for
any reason. A second entry is made when the unit is returned to service.

6. When an operation requiring entry into the logbook falls under more thaa one
color code, the color to be used will be determined via the following order «f prece-
dence: RED - GREEN - BLACK/BLUE-BLACK.

Revised: 22 JUL 91 Page 2
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DAILY OPERATIONAL STARTUP CHECKLIST

Checklist number Date
SRO On Call Supervised by
Assisted by

Operators Time completed

I. EQUIPMENT ROOM (Room 3152)

1. All COMPTESSOr PIESSUTC (PBI) ...cccrvivreriicsiserarrmsesrarinssesressssassrnes MU P LT
2. Air compressor water trap drained ..., hiaceaate
3. Air dryer OPerBling ....c..ivivisimimcnssimisnmsssssenssssins sessssss 2o R
14. Doors 231,231A, 3152, and roof hatch SECURED................ i
II. LOBBY AREA
Lobby audio alarm tumned Off ..., Rl L)
| III. EQUIPMENT ROOM (Room 2158)
| L Prefilter differential Pressure ... et T
- 2. Primary discharge pressure (PSi) ..........cooooiiiiiomriooiioins
| 3. Demineralizer flow rates set 10 6 gPM ..........ccooocriievivrei,
| 4. Stack roughing filter (inches of Water) ... ali
| 5. Stack absolute filter (i~ es of Water) ...
| 6. Visual inspection Of @e& ... coveresseessemssesssommnnsns ees
(7. _Door 2188 SECURED .......cc..cooccmiseesemsessessirerstsmmmriesennnnn.
, [V. PREPARATION AREA s
| Visual inSpection Of Area ... it
V. REACTOR ROOM (Room 3161)
1. Transient rod air pressure (psi) ...
2. Shielding doors bearing air Pressure (Psi) .........occcnvvuirsuererereasns
3. Visual inspection of core and tank ...
4. Number of fuel elements and fuel elements ...................
control rods in tank storage control rods ..........c...rvennne.
5. Air particulate monitor (CAM)
(a) Operating and o e ADa S e r R FU Y T I
(b) Alarm test completed, damper closure verified................. ;
6. Door 3162 SECURED .....occoooiimmimimmemssosmsooomoosoooseose oo |
|
J




VI. REACTOR CONTROL ROOM (Room 3160)
Emergency air dampers reset vest exhriiehentfoe
Console recorders dated i gis rpaies
Stack flow and fuei temperature recorders JaleJ
Logbook dated and reviewed "
. Water monitor box (resistivity must bc » 0 5 Mohm-cm)

(a) Background activity(cpm)

(b) Water monitor hox resistivity [Mohm-em] oo

e

o w

(¢) DM1 resistivity [Mohm-cm]

(d) DM2 resistivity Mohm-cm]
6. Stack gas flow rate [Kcfm]
7. Stack linear flow rate (Kft/min)
8. Gas stack monitor

(a) Background (cpm)

(b) Alarm check
(¢c) High alarm set to 800 MPC Ar-4]
9. Radiation monitors

...................................

.............................................

.............................................

..............................................

Monitor Alarm Point Reading Alarm Setting

Functional (mR/hr) (mR/hr)

(a) R-1 T 500

(b) R-2 10

(¢) R-3 10

(d) R-§ S0

(e) E-3 10

- () E-6 10
10, TV MOBIIOTS 0N  .oovvveiniiisnsisisinserssesaresesssensssaressssssssesmssssssssssss
11. CAM high level audible alarm check .......cocoovivimnioriininininienns
|12, Water temperature (In1e1) ..ot e

- 13. Water level log completed
14, Time delay operative

16. Prestart operability checks performed
17. Interlock Tests
. (a) Rod raising, SS mode

.................

- 15, Source level power gruter/equal to 0 5 cps

..............................................

.....................................

..............................................

(¢) 1 kW/Pulse mode

' (b) Rod raising, Pulse mode () NM-1000 HV
(¢) Source RWP (g) Inlet Temp
(d) Period RWP
18. SCRAM checks (at least one per rod)
- (a) % Power 1 (h) Reactor key
(b) % Power 2 (i) Manual
(c) Fuel temp 1 (j) Emergency Stop
(d) Fuel temp 2 (k) Timer
(e) HV loss 1 (1) CSC Watchdog
(f) HV loss 2 - (m) DAC Watchdog
(g) Pool level
19, ZEro POWET PUISE .....coviuiriiiriiiensiiniosiesieseeimsississsesessssssssesassesesesessasses
AFRRI FORM 61a (R) Revised: 13 May 91 “Page 2
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DAILY SAFETY CHECKLIST
Checklist number Date
SRO On Call Supervised by
Assisted by
Operators Time completed

I. EQUIPMENT ROOM (Room 3152)

Al COMPIesSOr Pressure (P8l) ...ceeuwmimcininenmmsssssnien
Air compressor water trap drained ...,

Ale -Orper UPISHDE vimsinncmmisissasmmmiampmtystisasiow
Doors 231,231A, 3152, and roof hatch SECURED................

B ow oo~

[I. EQUIPMENT ROOM (Room 2158)

Prefilter differential Pressure ... v
Primary dischatge pressure (P8i) .......c.cciemmmmmsisessnsssnmone
Demineralizer flow rates set 10 6 gPM ..o .
Stack roughing filter (inches of water) ...,
Stack absolute filter (inches of Water) .........covviiemiimnnirmeinnines
Visual inspection Of area ...........covoiimiemiomnn
DO0F $UNE BERLTRE orvemosinsrnegiv gl rupnmc oo an

o

R

[II. PREPARATION AREA

| Visual inSPection Of QIR ........oeseermseemmerssirnrmsesssssssssssrsonins

IV. REACTOR ROOM (Room 3161)

| 1. Transient rod air pressure (PSi) ...
' 2. Shielding doors bearing air pressure (psi) ......... SO R
3. Visual inspection of core and tank ...
4. Number of fuel elements and fuel elements ...........covc.e.

control rods in tank storage COBITON TOUE . oivcvinpssscinsvoiniy
5. Air particulate monitor (CAM)

(a) Operating and TraCINE ......cccovviimvmviniiimesnnions e

(b) Alarm test completed, damper closure verified..................
5 Dot A BPEIREL invmmirimmimiratasns o
7. Stack gas monitor quality assurance checked ............oeviiinn,

i

616 (R) vised: 15 May 91 Page 1
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monitors on

CAM high level audible alarm

Water te nperature (inlet)

Water level log completed

W

Source level power greater equal t
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NUCLEAR

INSTRUMENTATION SET POINTS

GENERAL

These set points may be adjusted for a specific operation by 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 (alarni, scram, rod withdrawal

prevent).
1. Scrams:
a. Fuel Temperaturc 1 & 2:
b. High Flux 1 & 2:
¢. Safe Chambers 1 & 2 HV Loss:
d. Pulse Timer:

e. Steadv State Timer:

_t.)

Rod Withdrawal Prevents:
a. Period:
b. 1 KW (Puise Mode):
¢. Source:
d. Water Inlet Temperature:
e. Fission Chamber HV Loss:
3. Alarms:
a. RAMS:
b. CAMS:
¢. Stack Gas:
d. Water Monitor Box Gamma:
e. Criticality Monitor (RS):

575 degrees C

1.0% (1.1 MW)
Loss of 20%

Less than 15 seconds

as necessary

3 seconds

1 KW

0.5 CPS

60 degrees C
20%

As directed in procedures
10,000 CPM

800 MPC Ar-41

7000 CPM

50 mR /hr day -

20 mR /hr night

Revised: 15 May 91
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K-EXCESS

:]’/- frreﬁoq‘
1. Withdraw SAF and SHIM rods 100% : - € TAND2

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

wwal,

3. When power is stabilized at 5 watts, record rod positions in reactor operations
logbook, entering all information in red ink.

3 L
4. Using rod worth curves, compute K-excess for the core position used and re-
cord in the reactor operations logbook .

Note: Use the curves for infinite water when doing K-excess between positions
300 and 700.

evised: 15 May 91 ﬁgel W
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OPERATIONAL  PROCEDURE Procedure 8, TAB |

STEADY STATE OPERATION

vheel dials t«

N uUsSIing the manual ¢r timer scram

ate entries have been made in the operations loghook

no further steady state runs, square waves or pulses are anticipated, adjust

o & 1 .
and R-D alarm points to their normal settings

Revised: 15 May 91
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OPERATIONAL . FRQEFRNING: | e TR et &, TAS 1

SQUARE WAVE OPERATION (Subcritical)

GENERAL
The square wave node will not be used above a demand power of 250KW,

SPECIFIC
1. Set R1 and RS to full scale

2. Determine the transient rod critical position using the core position, the final
transient rod position, the rod curves and the equation below. Note that a square
wave insertion can not exceed 75 cents.

CRITICAL POSITION(S) = FINAL POSITION(S) - INSERTION (8)

3. Apply air to the transient rod and raise the anvil to the citical position that was
calculated above,

4. Bring the reactor cold critical using the three standard contr ol rods; use a rod
configuration commensurate with the core position and experims ntal requirements.
If Auto Mode is used, select the rods to be used. Ensure thet *.ese rods have been
raised at least 5% before entering Auto Mode. Set the cold critical power level on
the Power Demand thumb wheels and enter Auto Mode.

5. Stabilize the reactor in Manual Mode.
6. Set power demand thumb wheels to desired power level.

7. Select the standard control rods to be servoed. Make sure that all control rods
to be servoed have been rai..d at least 5%.

8. Scram the transient rod.

9. Raise the anvil to the desired final position.
10. Allow the power level to fall below 10 watts.
11. Switch into Square Wave mode.

12. Depress Fire button.

13. As the power level approaches the power demand level, the console will switch
into Auto Mode. If power can not reach the demand power, it will automatically

change to manual mode. At this time, either switch to Auto Mode or bring the re-
actor to the desired power level manually.

Revised: lmay o1 T’;ge 1






PERATIONAL PROCEDURE Froosdure B, TABF?

‘This procedure has been approved by the Reactor Facility Director

11t AR <
r.mmmv ««\"ﬂ 5




OPBMTIO!!AL 81 ¢

Raf S et

SQUARE WAVE OPERATION (Critical)

GENERAL

The square wave mode will not be used above a demand power of 250KW.

SPECIFIC
1. Set R-1 and R-5 to full scale.

2. Bring the reactor cold critical using the three standard control rods; use a rod
configuration commensurate with the core position and experimental requirements.
If Auto Mode is used, select the rods to be used, ensure that these rods have been
raised at least 5% before entering Auto Mode, set the cold critical power level on

the Power Demand thumb wheels, and enter Auto Mode.

3. Determine TRANS rod anvil setting for desired insertion. Insertion cannot ex-
ceed 75 cents. Raise the anvil to that setting.

4. Stabiiize the reactor in Manual Mode.
5. Set power demand thumb wheels to desired power level.

6. Select the standard control rods to be servoed. Make sure that all control rods
to be servoed have been raised at least 5%,

7. Switch into Square Wave mode.
8. Depress Fire button.

9. As the power level approaches the power demand level, the console will switch
into Auto Mode. If power can not reach the demand power, it will automatically
change to Manual Mode. At this time, either switch to Auto Mode or bring the re-
actor to the desired power level manually.

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

11. Ensure all pertinent information has been entered in the reactor operations log-
book.

12. If no further steady state runs, square waves, or pulses are anticipated, adjust
R-1 and R-5 alarm points to their normal settings.

Revised: 15 May 91 Page |
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OPERATIONAL PROCEDURE : ~ Procedure 8, TAB G1

PULSE CPERATION (CRITICAL)

GENERAL

Pulses above $2.00 must be approved by the RFD (prior to pulse initiation). Spec-
ification on the RUR may be used to meet this requirement.

SPECIFIC

1. Set the alarm points on R-1 a=4 R-$ (criticality monitor) to full scale.

2. Bring the reactor cold critical using the three standard control rods; use a rod
configuration commensurate with core position and experimental requirements.
Note: A series of repetitive pulses may be fired using the same rod positions on
the same day as long as the reactor power is not increasing and is less than 1 kW,

3. Stabilize in the manual mode.

4. Raise the transient rod anvil to the desired pulse position. (This position is ob-
tained from the control rod worth curves for the appropriate core operating posi-
tion)

5. Select the proper pulse detector according to the table below. If the Cerenkov
detector is selected, turn off the reactor room and tank lights.

Detector 1 = Pulse Ion (Maximum insertion = $2.00)

Detector 2 = Cerenkov (Maximum insertion = $4.00)

6. Enter Pulse Mode and enter an identifying string at the prompt. The power
level must be below 1 kW to enter Pulse Mode.

7. Fire the pulse by depressing the " Fire" button on the reactor console.

8. Record the appropriate data in the reactor operations logbook from the pulse
display.

9. Reset R-1 and R-5 to their normal alarm points when pulsing, square wave, or
steady state operations are complete.

Revised: 15 May 91 Page 1
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OPERATIONAL PROCEDURE ‘ 1 Procedure 8, TAB G2

PULSE _OPERATION (SUBCRITICAL)

CENERAL
Pulses above $2.00 must be approved by the RFD (prior to pulse initiation). Spec-
ification on the RUR may be used to meet this requirement,

SPECIFIC

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

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

$ Value = Total worth (3) Transient rod - Desired pulse (%) Value

3. Bring the reactor cold critical using the three standard control rods, use a rod
configuration commensurate with core position and experimental requirements.
Note: A series of repetitive pulses may be fired using the same rod positions on
the same day as long as the reactor power is not increasing and is less than | kW,

4. Stabilize in the manual mode.

5. Select the proper pulse detector according to the table below, If the Cerenkov
detector is selected, turn off the reactor room and tank lights.

- Detector 1 = Puise Ion (Maximum insertion = $2.00) ;

- Detector 2 = Cerenkov (Maximum insertion = $4.00) J

N

. Scram the Transient rod.

|

. Raise the Transient rod anvil to 100%.

00

. Let the power decay to approximately 1 watt or less.

O

. Enter Pulse Mode and enter an identifying string at the prompt.
10. Fire the pulse by depressing the " Fire" button on the reactor console.

11. Record the appropriate data in the reactor operations logbook from the pulse
display.

12. Reset R-1 and R-5 to their normal alarm points when pulsing, square wave, or
steady state operations are complete,

Revised: 15 May 91 Page 1
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WEEKLY OPERATIONAL INSTRUMENT CHECK LIST

CHECKLIST # DATE
SUPERVISED BY
ASSISTED BY _ REVIEWED BY

| I WATER LEVEL INDICATOR __
A Tu pool, east side, depress float on wate* ievel indicator.....
B. Observe scram on console ... ...

ll WATER RESIST!VITY

e W o e < o ———— it —_

l ISt resistivity rndmgs for previous week from daily startup
checklists. Determine the average at each point is > 0.5 Mohm-cm.

MON TUE WED THU FR! AVG
Monitor Box

DMI
DM2

- —

lI1. RADIATION ALARMS

A Test allrm funcuom for high level and failure

Monitor Failure alarm functional  HIGH Level alarm functional
R-1

R-2

R-S (criticality) TR O —

E-3 ks N LN

E-6 D e T P Y

Reactor Room CAM LTI A DL

Gas Stack Monitor aaa o ol LT

BoReSet larms........ooooviiiiiiinoieisiins oo

| —

IV. OTHER

'r A. Top lod key seals at Security Desk :;d at LOG vetaﬁ intact.............. -
B Change Filter in the Stack Gas Monuor .................................................

AFRRI Form 66(R) Revised: 15 May 9!
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FEFATIONAL FROCEDURE Procedure 8, TAH

ILY OPF . ATIO?

ATRE Pressu; ¢
ieralizer flow rates set t
inspection for leaks
cor 2158 SECURED

IV. PREPARATI(

ER 2 plug door CONTROI LOCKED

)

Door closed; and handwheel PADLOCKED

ER 2 lights ON and rheostat at 10
FR piug door CONTROI
01 closed; and handwheel

' | !
IS WUN

AFRRI For




M ! . ' HIGH LEVEL ALARKM
5 | ll"\(q imr/ht

(]

N/A

AFRRI Form 62(R) Revised: 15 May 91
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10 1OOISs O poles longer than | L are raised vertically
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1eCk
I'he particulate filter is changed if necessary

[he front cover of the detector shield is removed and the Check source 1s

nserted all the way in 10 the face of the detector. The blue alert light should come

n as the count rate rises above the alert setpoint he red high level alert light

1 bell should come on as the count rate rises above the high level set point. The

dudibie alarm can be silenced by pushing the rec button on the front of the SGM

Vollage system set point is checked by pressing menu functi
then menu function 1. The high voltage set point is displayed under item

the display screen. Press 0 twice to return to the main menu

4. The air sampliog flow rate (should be greater than 3.5 cubic feet per minute)

£

'he counts per minute reading shows on the display should be checked against

the plot of counts per minute versus Julian date to determine if it falls within the

plus or minus 5% deviation lines for the detector and check source. If it does, t}

iHne
check scurce should then be removed and the detector cover replaced

If the counts per minute coasistently fal! outside the +/-5% window. it is

considered an abnormality and should be reported immediately to the Reactor
Facility Director and to the Safety and Health Department

6. The SGM ealarms will be acknowledged by pushing the "ACK" button on the
SGM keyboard

Revised: 15 May §1
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A\ITTACHMENT C

Amendment No. 21 to Facility
Operating License




y UN'TED STATES
e § NUCLEAR RELLLATORY COMMISSION
s % vy g WASHINGTON D C 20886

- - —— e -
- -

- - - - - - - —-_— -

Amendment No, 21
License No. R-84

1.  The U.5. Nuclear Regulatory Commission (the Commission) has found that:

KA. The application for amendment to Facility Operating License
No. R-B4 filed by the Armed Forces Radiobiology Research Institute
(the licensee), of April 30, 1990, as supplemented on December 17,
1990, March 5, 1991, May 17, 1991, August 16, 1991, and September 10,
1991, complies with the standards and requirements of the Atomic
Energy Act of 1954, «s amended (the Act), and the Commission's rules
and regulations as set forth in 10 CFR Chapter ;

B. The facility will operate in conformity with the application,
the provisions of the Act, and the rules and regulations of the
Commission;

C. There 1s reasonable assurance: (1) that the activities authorized
by this amendment can be conducted without endan?orlng the health
and safety of the public, and (11) that such activities will be
conducted in compliance with the Commission's regulations;

D. The issuance of this amendment will not be inimical to the common
defense and security or to the health and safety of the public;

E. The issuance of this amendment is in accordance with 10 CFR Part 61
of the Commission's regulations, and al) applicable requirements have
been satisfied; and

F. Prior notice of this amendment was not required by 10 CFR 2.105(a)(4),
and publication of notice for this amendment is not required by
10 CFR 2.106(a)(2).

2. Accordingly, paragraph 2.C.(1) of Facility Operating License No, R-84 is
hereby amended to read as follows:

(1) Maximum Power Leve)

AFRRI may operate the reactor at steady state power levels up

to @ maximum of 1100 kilowatts (thermal), and at pulse power

;:::13 not to exceed & pulse reactivity insertion of 4.00
ars.






ENCLOSURE TO LICENSE AMENDMENT NO, 21
FACILITY OPERATING LICENSE NO. R-84

DOCKET NO. $0-170

Replace the following pages of the Appendix A Technical Specifications with
the attached pages. The revised pages are identified by amendment number and
contain vertical 1ines indicating the areas of change,
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Safety System Setting | Fuel Temperature
NDITIONS FOR OPERATIONS
re Parameters

| 1 Steady State Operat
1

2 Pulse Mode Operatior
1 9

Reactivity Limitations
|4 Seram Time
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megawatis
e | megawal

PEraied » power

B eExXperience r ale LEal

levels of at least 1! Mmegawally

assure that tl temperasture safety limit =

skecAication
l'he maximum step insertion of y shall be 2.8% Ak/k ($4.00) in the

puise mode

Basis

Based upon the Fuchs-Nordheim mathematical model (cited by C.E. Clifford

al. in the April 1961 GA rt w2119, "Model of the AFRRI-TRIGA
Reacior®), an insertion of 2.8% Ak/k results in & maximum averag® fuel
temperature of less than 550°C, thereby staying within the limiting safety
settings that protect the safety limit The 50°C margin tc the Limiting Safet)




System somn: and the 450°C margin to the safety limit amply allow for
unceripinties due (o extrapolation of messured data,  sccuracy of measured data
and location of instrumented fuel elements in the core

4 {(INE
Akklcabilitx
These specifications apply 1o the reactivity condition of the reactor and the
renctivity worthe of control rods and experiments They apply for all modes of

operation

Qbiecuss

The objective s to guarantee that the resctor can be shut down st all times
and thet the fuel temperature safety himit will not be exceeded

Spsilications
& The reactor shall not be opersted with the marimum available excess

reactivity above cold eritical with or without all experiments in place
grester than 8500 (8 5% Ak/k)

b The minimum shutdown margin provided by the remaining control rods
with the most reactive control rod fully withdrawn or removed shall be

8050 (0.85% Ak/k) for any condition of operstion.

& The limit on available excess reactivity establishes the maximum power if
all control elements are removed.

b The shutdown margin assures that the rescior can be shut down from any
operating condition even if the highest worth control rod remains in the
fully withdrawn position or s completely removed.

SCHAM TIME

Applicability

The specification applies to the time required to fully insert any control rod to s
full down position from & full up position.

Qbiecuve

"n.. objective i to schieve rapid shutdown of the resctor Lo prevent fuel
Amage

Seeclication
The tuae from scram initiation to the full insertion of any control rod from »
full wp position shall be less than | second

Amendment No. 21



iremeniis | \ | #lemenis

he Tuel element ladding
shesiications

the lTue elements present n the reactor core. to include | i

uel follower contr
shall be inspected for damage or deteriorstion, ard messured for length
w At intervals separated by nol more than 50 i

At
sises of insertion greater Lhas
hever occur first Fue

elements 1n long-term storage need not be measured until returned i
however. fuel slements routinely moved 1 Lem porary

" % W annuslly not exceed 15 monthe whi

ire
storage shall be measure

every | pulses of insertion greater than $2.00 or annuslly [(not to exceed 1!

menths whithever occurs st

Dasi

Lhe frequency of inspection and measurement s based on the parameters n

lLikely to affect the fuel cladding of & pulse resctor, and the utilisation of fu
elements whose charscleristics are well kiown

The limit of transverse bend has been shown to result in no difMiculty in

lisassembling the core. Analysis of & worst case scenario in which two adjacent
fuel elements suffer sufficiently severe transverse bends to result in the touching
{ the Tuel elements has shown that no dumage to the

of fuel elements will result
via & hot spot or any other known mechanism




Ati1on systen

peration of the ventilation systen

the unrestricted environment

echanism of the positive sealing dampers (h Lhe reactor room ventilatior

verified to be operable and uslly inspected sl least monthly (interva
weeks

f\,o' ence accumulated ver years ol peration has demonstreted that the Lestin
ventuation system on & monthly basis are sufficient to assure proper operall
system and ptrol of the release of radicactive materisal




preasur

the esrvironment f'nr free alr volume within the

emergency shutdown of the ventiiati
Arouna

IA AN

hewght

L

ndependent
}
svatermn bras

thr gh abe

ating systen
'AlINg dampers
we off ventilaty

m alr particuiate n

t room shall be designed L oalr leakage whe
lampers are closed

s designed so that the ventiustion system will normally meintain »

negat
with respect to the stmosphere, so that there will be no uncontr

ed leshage

i system. Building construction and
loorwaye help restrict leakage of air into or

ut of the reactor osom. The sia
an adequate dilution

f #fMluents well above ground

level. The separnte
systemn branch insures & dedicated air flow

system for reactor effluents
SURE AND FUEL

BREACTOR FUEL

Arglicability

[hese specifications apply to the

fuel elements, to include fuel [
rods, used in the reactor core

ollower

Lhlective
The

fabricated in such & manner as to permit their use with » high degree

reliability with respect 1o their phyvica! and nuclear characteristics
assure that the fuel elements used in
the Safety Analysis Report

bjectives are to (1) assuré that the fuel elements are designed and

and (2)
the core are substantially those analysed

specifications

The individual nonirradiated standard TRIGA fuel

elements shall have Lhe
following characteristics

gaskets

reactor buillding nfined when there

L




TRIGA «
per 4 na 1 vr"q_lntn it
&l esiements S h &N increase |ir
ensity [ less than 6% An Increase
fuel slement reduces the safety
um retie f 1.7 will produce »

the rupture strength of the

fuel follower is 21% gresater
element in the D.Ring The
the volume of & standard

wer produced in the fuel followed

n s standard TRIGA fuel element in

BEACTIOR CORE
AkRULabilLy

nese specification i-core experiments

ve s | resirict the arrangement ! i slements and experiments »

vide assurance that excessive power densities will not be produced

[he reactor core shall « nnist of standard TRIGA resctor fuel elements
iR & close packed array and & minin um of two thermocouple
nstrumented TRIGA reactor fuel elements

There shall be four singie core pomitions occupied by the three

rlandard
control rods and transient rod, & neutre N elart-up source with holder
and positions for possible in-core experiments

The core shall be oled naturs mvection water Now

In-core experiments \ 1 in adjscent fuel positions

B-ring and/or C.t




indicating &n clongation gresler tha
§ grester thas 325 inct i signyd

{

Iamaged and shs { be used

idered

use for years ar Lheir sale perat
Experience with TRIGA reactors has showrt
result in o hing has occurred with
t has been specified | &) sasure that
Lo stresses that I tause & lome of
b) assure sdequate coolant flow

1] i | \ . are des gne permit they
s K U" degree it their phywical and nuclenr
tharacteristics

Ssaeifie
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The standard control rods shall have seram capability, snd shall contair
borsted graphite, B4C powder, or boron and its compounds in solid form &
& powon in sluminum or stainless.stee’! cladding These rods may have ar
sluminum, air, or fuel follower If fuel followed, the fuel region wil
conform (o the Specifications of 521

T'he transient control rod shall have scram capability, and shall
borsted graphite, B C powder, or boron and its compounds is
& powon in alumindm or siainless-steel cladding This rod may
an aluminum, poison, or air follower

The poison requirements for the control rods are satisfied by using aeutrot
sbsorbing borated graphite, B, C powder, or boron and
materials musi be contained -t & suitable cladding material, such
viainless steel, to insure mechanical stability during movement and to isolate i}
poison from the pool water environment. Scram capabilities are provided by the

its compounds. These
& aluminun
¢

rapid insertion of the control rods, which is the primary operationsl safety

feature of the reactor. The transient contro! rod is designed for use in

& pulsing
TRIGA reactor
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Reacir Operanions Supervisod
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Operanons S

Figure | Organisstion of Personne! for Management and Operstion of the AFRRI Resctor Fa

ARy ot stal meamber hos sccoss 20 the Direcror for mattars of salery




e17 BLSPONSIBUITY

The Director, AFRRI shal e license responsibility for the reacior
facility. The Reactor Facilisy Director (M"B‘; shall be responnible for
sdministeation and operation of the Reactor Facility and for determination
of spplicability of procedures, experiment suthorisations, mainiensnce, and
operstions. The RFD may designate s individual who meets the
requirements of Section 6.1 8 1.4 to discharge the RFD's responsibilities in
the RFD's sbsence  During brief sbsences (periods less than four hours) of
the Reactor Facility Director and hi designee, the Reactor Operations
Supervisor shall discharge these responsibilities

613 SLAFEING
6131 Belection of Personnel

. Reactor Facility Director

At the time of sppoiniment to this position, the Reactor Facility
Director shail hiave ® or more yoars of nuclear experience. Hiflm
education in & szientific puclear engineering field may fulfill up to 4
ears of experience on a one-for-one basis. The Facility Director must
{on beid & USNRC Senior Reactor Operstor license on the AFRRI
reacior for st least | year before appointinent to this position

b, Resctor Operations Supervisor (ROS)

At the time of sppointment to this position, the ROS shall have §
years nuclear experience Higher education in a science or nuclear
engineering field may fulfill up to 2 years of experience on & onefor
one besis. The ROS shall hold & USNRC Senior Renctor Operator
license on the AFRRI reactor.  In addition, the ROS shall have 1 year
of experience as & USNRC licensed Senior Reactor Operstor st AFRRI
or st s simiar facility before the appointment to this position.

¢ Reactor Operators/Senior Reactor Operators
At the time of appoiniment tc this position, an individual shall have
s high school diploma or equivaient, and " possess the appropriste
USNRC license.

d  Additional staff as required for support and training. At the time of

sppointment to the reactor staff, an individual shall possess & high
school diploma or equivalent.

6132 Qpsralions
s Minimum staff when the reactor is not secured shall include

1. A licensed Senior Reactor Opersior (S8RO) on call but not
necessarily on site

2. Radistion control technician on call

8. At least one licensed Reactor Operstor (RO) or Senior Reactor
Operator (SRO) present in the control room

4. Another person within the AFRRI complex who i able to carry
out written emergency procedures, instructions of the operator, or
to summon help in case the operstor becomes incapacitated

30
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b, Maintenance activivies that could affect the reactivity of the reactor
shall be sccomplished under the supervision of an SRO

t. A list of the names and telephone numbers of the following personnel
shall be resdily svailable to the operstor on duty

1. Mansgement personnel (Reactor Facility Director, AFRRI Durecior)
2 Radistion safety personnel (Head, Safety and Health Department)
8§ Other operations personnel (Resctor Staff, ROS)

614 IRAINING OF PERSONNEL

A training ana retraining program will be maintained, to insure adequate levels
of proficiency in persons involved in the reactor and reactor operstions

L

T
621 COMPOSITION AND QUALIFICATIONS
6211 Lompestion

& Regular RRFSC Members (Permanent Members)
(1)  The following shall be members of the RRFSC.
(a)  Chairman, Safety and Health Department, AFRRI
(b)  Reactor Facility Director, AFRRI

(2) '{:0“ kv!llowiu shall be appointed to the RRFSC by the Director,

(8) Chairman s¢ appoin.ed by the AFRRI Directorate.
(b) One to three non-AFRRI members whe are knowledgeable in
fields related to resctor safety. At least one shall be »
Reactor Operations Specialist, or & Health Physics Specialist.
b Specinl RRFSC Members (Temporary Members)

(1) Other knowledgeable perrons to serve as alternates in item a(2)(h)
sbove as sppointed by the AFRRI Director.

(2) Voting ad members, invited by the Director of AFRRI, to
waist in review of & particular problem.

t.  Nouvoting members as invited by the Chairman, RRFSC.

5
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T he muanin ; rualificnt ue for & pereoe n the RERFSi sha e B years
professionsal experiencs ! the AL e T ape ! fie represente ,
Lhaccalsureate degre { 0re
’ ! \ | ’ . ! |
‘ : MON ASD AULHOELL]
LS
he Hes r and Hadia Fa Ly ale " " rect res . '
ke Dire AFHRI ) #e sha reVIew & radi gical hea
™ T aillers ert g Lhe rea r s £ A IaLe (3] f he
¢ [ eh I Y. M Lhose ems e ' ¢ n 82 4
» [ — 3
'he HFs shall renort to the Director. AFRRIL and shall advise the
Hea r Fa ty Dire v in Lthose areas of responsibility specified in Se
N ¢ "

) { L |

. 623 A.Ln\".).L.l- Al
63381 Allsrnaiss

Alternate members may be appointed in writing by Lhe RRFSC Chairmas

to serve on & temporary basis No more than two alternates sha
PArticipate n & voling basp f h}"* AMMUIVILIes L Aany ne time

$3 7 Mecting Frsausncy

T'he RRFS( t & subcornmittee thereol shall meet ot least four times »
wlender vear. The full RRFS shall meet st least semi annually
v L
’ C L AT
A quoram of the RRFSC for review shall neist of the Chairman (or
fesignated alternate) and tw sther members lor alternate members) ne ol

which must be & non-AFRRI member. A majority of those present shall be
reguliar membery

8284 Notns Rules

Esch reguiar RRFSC momber shall have one vote Each special appointed
member shall have one vote. The majority s 51% or more of the reguln
and special members present and voting

62355 Mouke

Minutes of the previous meeting shali be available to regular members at
least | weeh before a tegular scheduled meeting




{ Any other area of Facility operations considered appropriste by the RRFSC
or the Director AFRRI

¢ Reactor Facility ALARA Program This program may be & sect 0 of the
total AFRRI program

631  Written instructions for certain activities shall . spproved by the Resctor

Facility Director and reviewed % the ¥oociar and Radiation Facility Safety
Committee (RRFSC) The pre - iures shall be adequate to assure ».fe operstion
of the reactor, but shall not , ceclude the use of independent judgment and
action as deemed necessary These activities are as follows:

a8 Conduct of irradiations and experiments that could affect the operation and
safety of the r:actor

b, Reactor siaff-training program

¢ Surveillance, testing, and calibration of instruments, componerts, and
systems involving nuclear safety

d.  Personnel radiation protection consistent with 10 CFR 20,

. Implementatica of required plans such as the Se urity Plan and Emergency
Plan

f Reactor core loading wnd unloading.

g Checkout startup, standard operations, and securing facility

632 Although substaniive changes to the sbove procedures shall be .aade only with
spproval by the Reactor Facility Director, temporary changes to the procedures
that do not change their original intent may be made by the ROS. All such
temporary chunges shall be documented snd subsequently reviewed snd approved
by the Reactor Facility Directen.

¢4 REVIEW AND APPROVAL OF EXPERIMENTS
641 Belore issuance of a reactor suthorisstion, new experiments shall be reviewed for
radiological safety and approved by the following:
& Reactor Facility Director
b, Safety and Health Department
¢.  Reatior and Radiation Facility Safstv Commistee (RRFSC)
642 Prior to ite performance, an experizaent shall be included under one of the

following types of suthorisstions:

. Wﬂ for new experiments or experiments not
e in & Houtine Heactor Authorisstion. These experimerts shall be
rfcﬂmd under the direct supervision of the Reactor Facility Director or
esignee.

b. Wmm for «xperiments safely performed at least
once. These experiments may be performed at the discretion of the Reactor
Facility Director and coordinated with the Safety and Health Department

when appropriste. These nuthorizations do not require additional RRFSC
review.

34
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Beact L LALAmetery Authorisation for routine measurements of resrtor
PaSAImeLErs. routine re measurements, instrumentstion and calibratior
NECKN, maintenance, operator training, tours testing Lo verify reactor
utputs, a 'Lher reactor testing procedures. This shall netitute a sing
suthorisat Lhese operations may be performed vr der the suth risatiorn
the Reactor Facility Direct it the Reactor Opers ine Supervisor

ubstantive [(resctivity worth more than 280 25) }‘u.l" ¢ previously approved
experiments shall be mnade of ’ by the RRFSC and after approval
n writing by the Rea r Facility Director or 4’1«{‘11!“‘; alternate Minor

Y Alter review
hanges thst 4 not signdicantly alter the experiment reactivity worth f
han 2802 MAy De approved by the ROS A'.;‘r ved experiments shall be
arried d

LY rdance with established ¢ e ures

REQUIREL ACTION

AT YR AN ALY e LT W AT
1l § 1 BE TAKEN IN CASE OF SAFETY LIMIT VIOLATION

r 8nALl Oe shut down immedisteiy, and resctor operation shall
without authorisation by the NR(

safety limit violation shall be reported to the Director of NRC Regior
[, Office of Inspection and Esforcement (o designete), the Director, AFRRI
and the RRFSC uot later than the next working day

A Safety Limit Violation Report shall be prepared. This report shall be
reviewed by the " RFSC, and shall describe (1) appucable circumstances
preceding the violavion, (?) effects of the viclstion on facility componente
struciures, or systems, and (8] corrective action taken 1o prevent o reduce
the probability of recurrence

The Safety Limit Vio ‘tion Report shail be submitted to the NRC: the
Director, AFRRI' and the RRFSC within 14 days of the violstion

REPQRTABLE QCCURRENCES

Reportable occurrences ss defined in 1.21 (including causes, actual or probable
Onsequences. cerrective actions, and measures to prevent recurrence) shall be

reporied to the NRC. Supplemental reporie may be required to fully des:ribe the
final resolution of the occurrence

tum:a.é_,-"m:ivnns)aﬁ th Written Followyp. The types of events listed

below shall be reported as soon as possible by telephone and confirmed b
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Routine Reactor Authorization #!

September 1991

Introduction.  The Reactor and Radiaton Facility Safety Committee has reviewed and approved the
operations desciibed below. These operations have heen performed many times in the past and are now
considered part of the routine operations for use of the AFRRI reactor.

Authonization: As permitted by NRC license R-84 | the Reactor Facility Director, Reactor Operations
Supervisor, and NRC licensed operators may perform measurements, conduct operations, effect
maintenance, perform experiments, conduct tours, and conduct operato: training within the scope of
AFRRI procedures, Technical Specifications, and NRC regulations.

ALARA principles will be followed at ail times during the conduct of operations.

CDR J.E. DeCicco, MSC, USN

CAPT C.B. Galley, ;7sc. USN




Routine Reactor Authonzation #2

September 1991

Ingoduction  The Reactor and Radiation Facility Satety Commuttee has reviewed and approved the
dosimetry operations described helow . These operations have been safely perfermed over many years and
are classified as routing

Authonzauons As permitted by NRC license /-84, dosimetry instrumentation and other measuring
instrumentation may be used alone, attached to, or included with experiments in the reactor radiation
tacilities within the site boundary, subject to the limitations imposed by Technical Specifications. All
dosimetry devices. equipment or experiments will be used or pertormed under the supervision of the RFD
or his designee.  In particular, the dosimetry devices and the experiment shall:

0 not be ahle (0 cause the release of radioactive gases and aerosols such that the annual
1sotope concentration limits of Table (1, Appendix B, of 10 CFR 20 are exceeded,

9 not create inventories of 1131 through i-135 greater than 1.3 cunies and Strontium-90
inventones greater thas 5 millicunes,

0 limit known expilosive materials to less than 25 milligrams and its explosive potenual shall
be determined o be within the design limits of its container,

0 be doubly encapsulated if the release of the contaned material can cause corrosion to the
radiation facility,

0 have an absolute worth less than $3.00, and

0 have heen inspected and approved by a reactor operator prior to performance of the
experiment.

The term "dosiinetry instrumentation” shall include, but not be limited to: fission chambers, ionization
chambers including those with flowing gas, thermoluminesent devices, foils, tablets, and phantoms
meeting the himitations listed above.

Such dosimetry instrumentation may also be urradiated separately for the puipose of dosimetric calibration
or device evaluation and testing.

ALARA principles will be followed at all times during the design and conduct of experiments.

Approved U A

Reactor Facility Di Chairman, SHD

/

- Manderfield COLY USAF, MSC
Facility Safety Commitiee
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CDR J E. DeCicco, MSC, USN
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Routine Reactor Authonzatuon #3
September 1991

The Reactor and Radiation Facility Safety Committee has reviewed and approved the

reactor experiment described below . This expeniment has been performed on numerous 0CCasions in past
vears and s considered routine

Authorizations: As permitted by NRC license R-84, The Reactor Facility Director may permit a principal
investigator 10 irradhate animals. animal tissue and other biological materials in the reactor urradiation
fucilities subject to the limitations imposed by Technical Specifications. This authonization includes
shiclding and support matenials, sensors, control devices and the use of phantoms and other dosimetry
mstrumentation authorized under Routine Reactor Authorization #2. In particular, the experiments shall:

0

0

Q0

Q

not be able to cause the release of radioactive gases and aerosols such that the annual
isotope concentration limits of Table 1, Appendix B, of 10 CFR 20 are exceeded,

not create inventories of 1-131 through i-135 greater than 1.3 curies and Strontum-9%0
inventones greater than 5 mullicuries,

limit known explosive materials to less than 25 milligrams and its explosive potential shall
he determined to be within the design limits of its container,

ne doubly encapsulated if the release of the contained materizl can cause corrosion to the
radiation facility,

have an absolute worth less than $3 .00, and

either have movement preciuded or be monitored by a Senior Reactor Operator.

ALARA principles will be followed at all tmes during the gu and conduct ofzum

REIPEaS) T Mne/

il T
_z;ﬁ i 4/

W Manderfield COL, USAF, MSC
Ctmrmm Reactor and Radiation
Facility Safety Commirtee
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Routine Reactor Authonzation #4
September |99

inroduction.  The Reactor and Radiation Facility Safety Committee has reviewed and approved the
operations described below  These experiments have been performed on numerous occastons in the past
and are considered routine

Authonizations As permitted by NRC license R-84, the Reactor Facility Director may irradiate hiological
or non-biological materials with an atomic number less than 93 and any expeniment structural suppont and
experiment containers in the reactor irradiation facilities subject to the limitations imposed by Technmical
Specifications and applicable procedures  'n particular, these experiments shall:

0 not be able 10 cause the release of radioactive gases and aerosols such that the annual
isotope concentration limits of Table 11, Appendix B, of 10 CFR 20 are exceeded,

0 not create inventories of 1-131 through 1-115 greater than 1.3 curies and Sr-%0 inventories
greater than 5 millicuries,

0 limit known explosive materials to less than 25 milligrams and its explosive potential shall
he determined to be within the design limits of its container,

0 be doubly encapsulated if the release of the contained materizl can cause corrosion to the
radiation facility,

0 have an absolute worth less than $3.00, and

0 either have movement precluded or be monitored by a Senior Reactor Operator.

ALARA principles will be followed at all imes during the design and conduct of | S.
Approved: )L' Z /I'm/
Reactor Facility Ditegtor

Tl
NW. Manderfield COL, USAF, MSC

Facility Safety Committee
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Forshacka/mit/5
Date: 19 SEP 9

MEMORANDUM FOR RRFS(

SUBJECT Request Concurrence to Classify Krypton Gas lrradiation Experiment Protocol
Under Routine Reactor Authonzaton #4

Purpose. The Naval Medical Research Institute (NMRI) has a requirement for a radioactive
inert gas for use in the study of tissue inert gas exchange kinetics and bubble dynamics. Krypton
when irradiated produces a isotope, namely Kr-85m, which s useful wn this research. [nert

]

gasses under pressures up to 2 atm have been irradiawed safely under Routne Reactor
Authorizanon # 102 dated September 4, 1990

Experiment Description:  See attached ietter from LCDR Novotny dated 16 SEP 91

i Safety Analysis: A worst case scenano accident analysis involves the complete release of the
irradiated Krypton gas after a | MW-hr irradiation. The gas irradiation vessel has a volume of
446 mi. At a gas pressure of 40 psig, the vessel will deliver 1214 mil of gas at STP (0.0542
moles). The Neutron Activation Tables (Ed. Gerhard Erdtmann, 1976) allow us to determine

the quantities of radioactive Krypton produced after an irradiation at | MW for | hour. The
composition of the gas is as follows

Ls0tope Abundance  Quantity o Vessel Product Halt Life

Kr 0.35% | 498E-2 g “Kr 34.9 hr

YK 2.25% 9 872E-2 g YKr 13.3 sec

“Kr 11.6% 0.5218 g “Kr 1.86 hr

“Kr 57.0% 2.656 g “Kr 4.5 hr

“Kr 17.3% 08157 g "Kr 76 min
he neutron Activation Tables tell us the decays/second per microgram of target element given
a | hour iradiction in a thermal peutron flux of 10" n/cm'sec, so the total amount of
racdioactivity produced 1s as follows:

Radioisotope lotal Quantity Produced  Concentration in Recctor Room of Released
"Kr 9.6 microCi 1.05E-8 microCi/ml
YKr 1.98E4 microCi 2.16E-5 microCi/mi
“Kr 7.39ES macroCi 8 OSE4 microCi/ml
"Kr 5.48E4 microCi 5.97E-5 microCi/ml
"Kr 7.01E3 microCi 7.64E-6 microCi/ml

The free volume of the reactor room is 32,400 ft’, so the concentration of radioisotope in the
reactor room is found by dividing the total quantity produced by the free volume. Adding the
above quanuties of radioactive materials yields a total of 0.82 Ci of radioactive krypton




10 CEFR 20, Appendix B specifies the lowed concentratnons Of radioactive materals 1n air in
restncted and unrestnicted areas based on inhalauon for 40 hours per week for a 13 week perod
I he limitauons are as follows
Allowed Concentration Allowed Concentration

RadiQisotope n_Restnicted Arca W Vnrestnicted Arca

Ki E-9 mucroCi/mi LE-10 mucroCi/ml

a1 E-6 mucroCyml AE-8 mucroCi/ml

“Kr1 E-6 microCy/ml E-8 microCi/ml

YKr 6E-6 mucroCi/ml TE-7 microCi/ml

YKr lE-6 microCi/ml 2E-8 microCy/ml

(iiven the condition of the total release of the irradiated krypton gas, it would take 15 half lives
27.9 hours) for "Kr and 10 half lives (45 hours) for “Kt to decay to below the specified allowed
concentration in an unrestricted area. After 48 hours. “Kr concentrations will sull exceed the
10 CFR 20, Appendix B Limit to an unrestricted area by a factor of 0. To resume normal
operatons, it will be necessary to slug discharge the remaining gas through the reactor room
dampers and dilute it with the air passing through the reactor gas stack. AFRRI TR83-1, "Safety
Analysis of Maodifications to Upgrade the Reactor Venulation System at Armed Forces
Kadiobiology Research Insttute” specifies that 3430 cfm of air is exhausted from the reactor
room into the reactor gas stack which has a total flow rate of 35,000 cfm. Simply opening the
dampers dilutes the gas b a factor of 10. Opening the dampers for one minute in ten minute
intervals lets out approximately one tenth of the gas and further dilv s the remaining gas in the
room. Since the air system is designed to change the air in the reactor room 4.4 times per hour

the dampers will need to be opened for 14 one minute periods to completely clear the room of
¥rypton gas

A straight forward approach to ensure the safe irradiation of krypton gas would be to perform
the uradiation with the reactor room air dampers closed to isolate the air in the reactor room
In the event of a gas vessel failure, the room wili remained isolated for 48 hours to allow most
uf the radioactive gas to decay to acceptable levels for release to an unrestricted area. Since the
design basis accident radiation release referred o in the facility safety analysis report 1s
approximately 7 Ci for a ruptured fuel element (Safety Analysis Report for AFRRI TRIGA
Mark-F Reactor, page 6-19), the reactor confinement should easily contain the 0.82 Ci that could
be released in a gas vessel rupture. After a 48 hour decay period, the dampers will be opened
for one minute &t ten minute intervals for 2.5 hours 0 sufficiently dilute the remaining
radioactive gas as it is released to an unrestricted area

These precautions are extremely conservative as 10 CFR 20.103 specifies that the concentration
levels are based on a 40 hour per week exposure for 13 weeks. Because the gas will be
eftectively completely decayed in 14 days, there is no chance of exceeding the quarterly limit
The hazard is further mitigated due to the fact that radicactive krypton is noble gas and oaly
presents & submersion dose hazard uniike fission products which are far more dangerous




Expeniment Procedure: The following steps shall be taken duning the irradiation ot Krypton

gas tnh the gas rradiation vessel described earlier

Manually close reactor room dampers, ensure good seal of dampers with a vane
iNemometel '

Load krypton gas into irradiation vessel
{) Irradiate krypton gas at | Mw for | hour
$) Monitor gas pressure in vessel 10 ensure gas has not leaked

A) If gas has pressure has decreased, stop irradiation immediately Notfty
ROS/RFD. Continue 10 monitor gas pressure. Assume worst case scenario and
isolate the reactor room for 48 hours. Following the 48 hour waiting penod
open the dampers for one munute at ten munute ntervals for 2.5 hours. Leave the
dampers open after the 2.5 hours of opening and closing the dampers. At least
one reactor operator will be present in the reactor facility until the gas has Heen
released from the reactor room

B) If gas has been uradiated without incident, the gas will be cryogemcally
transferred into transfer vessel. Once the gas is outside of the reactor facility

boundaries, the dampers shall be reopened HANGED 24 JAN 92

Submitted by

Man Forsbacka
Capt, USAF
Reactor Operations Supervisor

Approved by Reactor Facility Director: Approved by Chairman,
Health Department:
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Reactor racility Director o DOUE A*fbh}
Chairgoan, Safety and Health Depariment




Approved by Reactor and Ra ‘iation Facility Safetv Committae:
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Colonel. USAF. MSC
Chairman, RRFSC
i
¥ !
{ 14:7:"«-%

) -

“Poug Ashby

<~ Chairman, Safety and Health Department
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Mark Moore <
Reactor Facility Director
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CAPT C.B. Galley, MSC, USN



Committee has reviewed and approved the

performed O TUmMEerous occasions 1n the nast

icense R-84 the Reactor Facihity Diurector may rradiate U
omponents in the reactor uradiation tacilines subject to the

mposed Specifications and applicable procedures In particular, these

ynatl

not be able 1o cause the release of radicactive gases and aerosols such that the annual
isotope concentraiion limuts of Table [1, Appendix B, of 10 CFR 20 are exceeded

not create inventones of 1-13. through 1-135 greater than | .3 cunes and Sr-90 inventories
greater than 5 millicunes

imit known explosive matenals to less than 25 milligrams and its explosive

potenual shall
be determined to be within the design limits of its container

be doubly encapsulated if the release of the contained material can cause corrosion to the
radiation facility

iave an absolute worth less than $3.00, and
either have movement precluded or be monitored by a Semior Reactor Operator

Al

Al

ARA principles will be followed at all times dunng the design and conduct of experiments

4 4 4 -
Approved . V& D F

+
Reactor Facility Directet

A 7
rehairman,/SHED

(277 Y T
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N Mandgerfield COL., USAF, MSC
Chairman, Reactor and Radiation
Facility Safety Committee
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ATTACHMENT E

10 CFR 50.59 Safety Evaluations of
Modifications, Changes, and Enhancements
to Procedures or Facilities (Other than
Fuel-Follower Control Rods)
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space Detfween the po

18 modification 1 allow for the complete
T 8 ney 1
mechanism without disrupting the other control

3. Verify that the proposed change does not involve a change to the Technical
Specifications or produce an unresolved safety issue as specified in 10 CFR
50.5%(a)(2). Attach an analysis to show this

his change does not involve a Technical

Analysis attached? Yes

4. The proposed modification constitutes a changes in the facility or an opera-
tional procedure as described in the SAR. Describe which (check all that apply)

Procedure Facility * Experiment )

Revised: 15 May 91




For facility modifications, specify what testing is to be performed to assure

-

the systems involved operate in accordance with their design intent

rod
nysicail

ve mechansim

Revised: 15 May 91




1

Facility Modification Worksheet

Specify associated information

New drawings are Attached

Not required

Does a drawing need to be sent to Logistics?

Are training materials effected?

Will any Logs have to be changed?

Are other procedures effected?

List of items affected

NODE

— ” =
v . N ,i L A
AV RLA t'\-&,‘,s A |l e U + =4

A )
Ap Hale)

5. Lreate an Action Sheet containing a list of associated work specified in item #
7, attach a copy, and submit another to the RFD.

Action Sheet: Submitted X Not Required

P
/ \

i /
/ /c
Reviewed and approved by RFD /2/4 [

RRFSC Concurrence

Revised: 15 May 91




Safety Analysis of Transient Rod Drive Support Modification

I he transient rod drive will be rased approximately 60 inches above its current location The

purpose Of tus modification 1s o facilitate maintenance of the transient rod drive mechnanism
No madification of the function of the transient control rod drive will be made. All normal
testung will be performed o insure that the systems will operate in accordance with its design
ntent

'he photographs below illustrate the modification made
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REPLACEMENT OF WATER GAMMA

\CTIVITY MONITORING

LAUGHERY Vate 12 February 1991

NO CHANGE TO TECHNICAL SFECIFICATION [S REQUIRED

NU CHANGE TO THE FACILITY AS DESCRIBED IN THE SAR I8
REQUIRED. The proposed modification is the replacement
of the vacuum tube operated monltoring system with a
solid state system. This modification is necessary
because replacement vacuum tubes are no longer available

unpent an analysis ¢ ietermine %l
modification would constitute a change in a procequr
>lude license and/or

described in the SAR incl
references as applicable

FROPOSED MODIFICATION DOES NOT CONSTITUTE A CHANGE IN A
PROCEDURE AS DESCRIBED IN THE SAR

ament &an analysis
modifi
-.I\;pr‘_—,.

e v

PROPOSED MODIFICATION DOES NOT CONSTITUTE A CHANGE IN THE
TESTS OR EXPERIMENTS AS DESCRIBED IN THE SAR
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HANGE TO THE HNICAL SPECIFICAT 5 RHEQUIRED

NU CHANGE TO THE FACILITY AS DESCRIBED IN THE SAR [S REQUIRED
'he proposed modification is the repiacement of the present
monitoring system with a new system by the same manufacture This
modification s necessary because replacement parts for the
system are no longer available.

PROPOSED MODIFICATION DOES NOT CONSTITUTE A CHANGE IN A PROCRUURE
A5 DESCRIBED YN THE SAR

ument an analys
woulid nstitute

iy e

PROPOSED MODIFICATION DOES NOT CONSTITUTE A CHANGE IN THE TESTS
OR EXPERIMENTS AS DESCRIBED IN THE SAR
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EM 1S TEMPORARY AND WILL B} REMOVED AFTER SUCESSFUL PULSE TEST
E OF THIS SYSTEM WILL Bl WEI' ONLY BY DIRECT AUTHROIZATION Y
iy that the propused change does not involve a change to the Technical
cations, the facility as described in the SAR. «

the SAR, and does n

CFR 50.59(a)2

“)

\Nne M
JOL A b4

) procecdures as described

it produce an unresolved safety question as defined in 10

(ntended (his svystem is tewporary, the CAMS will stil) triv the y
[f chauge nvolves a facility modification, attach a drawing if appropriate. [f
structural facility drawings need updaiing, torward a copy of changes necessary to
LA RISUICS N /A

4. Determine what

|
1

Other procedures, logs,
nd record below

Or fraining material may be affected

. otaft oriefing will be required
LISt Ot associate drawings, procedures. {0BS, Or other materials to be changed

See attached draving of System for reactor files
0. Create an Action Sheet containing the

list ot assccuated work specified above
attach a copy, and submit it to the RFD

Action Sheet Submitted _x Not Required _

|

V1, | / ]
Reviewed and approved by RFD _“/M_[x.‘ L

f iR
7 __pate 17 DEC

RRFSC Notified

Revised: 1S May 91







TRAINING POR JAMFER OVERRIDE BOX

Aam energlzes
pens the O

|
|

will ALiOW the

system onsists of a two conductor wire with a
end of each wire so that they can be plugged
The wire breaks into the two conductor wire whic

om the penthouse and *imply acts as an extensior
] ne end of the new wire connects into the

wire at the relay in the motor control center,

f the wire, the end with the connector, is

\ ¢
the wall in a labeled box above the air

A

ormal operations the connector will
™

iNis will act like a normal wire and the system

always be

‘parate properly, 1In the event of an emergency and {f
RFD orders {t, the connector can be disconnected.
'‘Pening this connector will open
thus allowing the dampers to be opened.
The connector should never be disconnected without direct
orders from the RFD.

the circuit to the penthouse
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verily that the proposed change does not involve a change to the Technical
Specifications or produce an unresolved safety issue as specified in 10 CFR
50.59(a)(2). Attach an analysis to show this

Analysis attached? Yes "°°

]

4. The proposed modification constitutes a changes in the facility or an opera-
tional procedure as described in the SAR. Describe which (check all that apply)

Facility __~  Experiment




i

difications, specify what testing is to be performed to assur

systems involved operate in accordance with their design intent




ures effected

reate an Action Sheet containing a list ¢
ittach a copy, and submit another to the

Action Sheet Submitted _*

Reviewed and approved by RFD

o1 associated work specified in item #

RFD

Not Required __

RRFSC Concurrence

" 199
[')are‘_?___?th dd\

Revised: 15 May 91
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHING N D -

one |
rector
Armed Forces Rad
L-F'P.ls'cd. Ndvv, Aay d

Dear lone! irving

BJECT: I1SSUANCE OF AMENDMENT NO. 21 TO FACILITY OPERATING LICENSE
NO, R-B4 - ARMED FORCES RADIOBIOLOGY RESEARCH INSTITUTE (AFRF

The Commission has i1ssued the enclosed Amendment No. 2] to Facility Operating
License N R-84 for the AFRR: TRIGA Research Reactor., The amendinent consists
of changes to the Technica) Specifications in response to your submittal of
April 30, 1990, as supplemented on December 17, 1990, March &, 1991, May 17,
1991, August 16, 1991, and September 10, 1991,

The amendment (1) corrects errors in typography and gramsar, (2) increases

the maximum licensed steady state reactor power to 1100 kilowatts, (3) author.
izes installation of fuel follower control rods, (4) clarifies the transfer of
Reactor Facility Director (RFD) responsibilities in the absence of .he RFD,
and (5) allows operational flexibility in performing surveillance testing of
the ventilation system for the reactor facility.

Enclosure 2 1s a copy of the related Safety Evaluation supporting Amendment
No. 21.

Sincerely,

|

- e e ,F 4 ‘/
/ ' o f / ‘ '
J{_’.LCK,AL At A cLAu? AR |

Alexander Adams, Jr., Project E:;ager
Non-Power Reactors, Decommissioning and
Environmental Project Directorate
Divisfon of Advanced Reactors
and Special Projects
O0ffice of Nuclear Reactor Regulation

Enclosures:
L5 Amendment No, 21

s

2. Safety Evaluation

CC w/enclosures:
See next page
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FAX TRANSMISSION

GENERAL ATOMICS TRIGA REACTORS

FROM: Bill Mood PAGE 1 OF 2
TO:! Harry Spence, AFRRI

SUBJECT: work Performed wWeek of 1li=18+8)

QLR RUSBLNEARL

A) Inetalled Pulsm Mode Scram Timer. Added a Eagle digital timer
and realay logic to scram the reactor a preset time after
initiating a pulse. The tinmer is umounted bahind the chart
recorders in the C8¢, and ls interfacad te the CSC computer
and scram loop through a palr of relays. The timer ie only
active in PULEE mode, and is started by firing the pulse rod.

There is no provision to disable the timer in pulse mode. The
console software provides for a maximum scram delay of 1%
s#aconds in pulse. If the operator wishes to scram the reactor
prior to the 15 vecond goftware scram timeout, the desired
time nust be anteared to the eagle timer prior to initiation of
the pulse. Note that dua to the software configuration the
CSC will not post the Pulse Mode Scram Timer scram nmessage
until all pulse data ascqgvisition is completed.

Rob and Mike wvere given a copy of the Pulse Mode Scram Timer
and the updated CSC scram loop schematics.

Replaced tThe sarial data cable between the CBC computer and
the Taktronix high resclution monitor. The new cable is a two
piece cable, wvhich allows the disconnection of tha high
rasolution monitor at the rear of the computer chassis. The

AFRRI wire list vas updated to reflect the viring change (see
ROb or Mike for a copy of the list),

SUABENT QRDERE |

a) Fuel Followver cContreol Rods. You should have al)

of the
information on this subject already.




Small Pulse Data Acguisitic

HARDWARE: Modified both NPP~1000’'s for the small pulse option,
this modification allows » gain change for nigh sensitivity
pulse data acquisitior AlSO modified DOM=132 relay output #18

in the DAC) to enable the gain change in pulse mode.

Rob and Mike have copies of the changes.

SOFTWARE: Installed new software to allovw the acguisition of
both normal and srmall puilses. The high sansitis LY pulse data
ACQuUisition willi acquire up to 1000 MW pulses (full scale
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May 1991 Summary of Changes to
Administrative and Operational Procedures




Summary of Changes to Administrative and Operational Procedures
Introduction
n May. 1991 RSDR staff completely updated the Administrative and Operational Procedures
mpilement grammatical changes, a new format for the procedures, and corrections throughou
ncluding updating the core position references
Administrative Procedures
Al. Add reporting requirements to (2)
Al. Delete reference w0 "escorted access roster”

A3, Complete revision/sumplification of 10 CFR 50 59 worksheets

A4 Completely new procedure dev eloped 1n conmjunction with NRC recommendations

Operations) Procedures

0 Change “initial block® to *signature block*
Add "acting ROS" 10 2 f
Delete escorted access roster (2.b.)
Change “open” 0 “"emter* (4.2.)

Delete material that duplicated HPP 3-1 (7.¢)
Update badge types for entry (2.b.)

Change “clement F28" 0 *desired element® (1.¢. and 4 g.)
Delete reference to “upper end indicator® painted on cable (3.b.)

Delete requirement place lead bricks on tube supports (1.a.(1))
Delete references to former “limit switch® (1.8.(5))
Delete reference to having prep area *sealed off” during operstions (3.1))

No changes

Change "SRO" to "licensed operator® (1.)
Add "in the reactor room* to (3)

Deilete statement *a record of operations will be kept for each trainee/operator” (2




ystem manual

hange
Revise references o Shutdown Margin throughout
Add (5 1)

Delete reference 1o "Mode |, 1A, etc” (5.0.(5))

Delete measurement of pool level in 316) (V. 3)
Change "conductivity " to "resisuvity® (V1.5
Change "pool” o "inlet® (VI.17.5.)

Same changes as in 8B
NoO changes

Change 15 Watts 1o § Wans
Delete reference o monthly summary sheet (4)

Update title

Change “servo mode” to "auto mode” throughout
Change 800 Kw to 200 kW n (2)

Add (7)

Change “servo® o “suto” throughout
Add general statement

Add specific (1)

Add second sentence in (13)

Add (16)

Chamge “servo” w “auto” throughout
Add general statement

Add specific (1) and (12)

Add second sentence in (9)

Add maximum pulse sizcs to (5)
Add different types of operations to (9)

Add pulse sizes to (5)
Add different types of operations 1o (12)
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